^ ?rrar ^T|T ¥iT?^ sr5Tr^r?r sr^T^ift 
Lai Bahadur Shastri Academy 
of Administration 


1$ 

|e 

H 

H 

15 

15 

H 

15 


MUSSOORIE 
5??r^RZT \, ^ , 

LIBRARY 1(0 f 0 U 

3T^fR?filTr I 

Accession No.„Jaif^hs. 

Class No $.!.6r.wlSS. 

Book No 


.Cft&....^Y<jL...g^.T 








A MANUAL OF TROPICAL MEDICINE 



MANUAL 

OF 

TROPICAL MEDICIN] 


BV 


ALDO CASTELLAN I 

C.M.G., M.D., M.R.C P. 

LKCTURKK AT THE LONDON SCHOOL OF TROPICAL MEDICINE : EM. PROFESSOR. CEYLON MEDIC* 
SCHOOL ; LIEUT. -COLONEL R.I.N.M.S,, I<jl6-I9l8 (BALKAN ZONE) ; DIRECTOR OF CLINIQUE 
FOR TROPICAL DISEASES AND PHYSICIAN TO COLOMBO GENERAL 
HOSPITAL I<)03-IC)I5 ; MEMBER OF ROYAL SOCIETY’S COM- 
MISSION IN UGANDA U>02-I903‘ 


AND 


ALBERT J. CHALMERS 

M.D., F.R.C.S., D.P.H. 

DIRECTOR, WELLCOME TROPICAL RESEARCH LABORATORIES (SOIDAN GOVERNMENT): CEYLC 
MEDICAL SERVICE, I 90 I-I()II: HOLT FELLOW, UNIVERSITY COLLEtiE, LIVERPOOL, 18(^0 
MEDICAL OFFICER, GOLD COAST COLONY, l897-I()OT. 


THIRD KDITION 



LONDON 

BAILLlfeRE, TINDALL AND COX 


8. HENRIETTA STREET, COVENT GARDEN 

1919 

[Aii rig^hts r€S€n>e(i\ 



VI 


PREFACE 


have not done injustice, however unintentionally, to some authors; 
have not made errors of transliteration or otherwise; and for all 
these we ask the reader’s indulgence, and beg him to remember 
that during the war it has been most difficult for us to obtain the 
time necessary for the preparation of this work. 

We desire to record our grateful appreciation of the kind help 
received from Colonel Leiper, Major Low, and Professor Simpson. 

We gratefully acknowledge the kindness of the following authors 
or their proxies, as war conditions have prevented our direct 
communication, in giving us permission to copy illustrations: — 
General Sir Havelock Charles, Colonel Sir James Can the. Colonel 
Balfour, Colonel Wenyon, Colonel Stephens, Colonel Richard P. 
Strong, Major Broughton Alcock, Captain O’Connor, Dr. Chris- 
topherson. Princess de Poix, Mr. Wellcome, Professor *Pinoy, 
Professor Legroiix, Professor Hewlett, Dr. Sambon, Dr. James, 
Mr. Hirst, Miss Carter, Dr. G. C. Shattock, Dr. Jackson, Dr. Lurie, 
and Dr. Guilliermond. 

We more especially desire to thankfully acknowledge the 
generosity with which Dr. J. J. Bell has placed so many of his 
valuable photo-micrographs at our disposal. 

We have much pleasure in acknowledging our indebtedness to 
the Tropical Diseases Bulletin, which has been invaluable to us. 

The index has been prepared by Miss James, to whom we tender 
our best thanks. 

Finally, we wish to acknowledge the constant kindness and 
courtesy which we have received from our publishers, Messis. 
Bailliere, Tindall and Cox. 

ALDO CASTELLANI. 

ALBERT J. CHALMERS. 

London, 

August, 1919. 



CONTENTS 


PART I. 

INTRODUCTORY. 


CHAPTER PAG F, 

I. HISTORY OF TROPICAL MEDICINE - - - - 3 

II. TROPICAL RACES - - - - - " .39 

III. TROPICAL CLIMATOLOGY - - - - - - 62 

IV. TROPICAL FOODS - - - • - - 94 

V. TROPICAL DISEASES - - - - - -II 2 

VI. FITNESS FOR TROPICAL LIFE - - - ■ - J27 


PART II. 

THE CAUSATION OF DISEASE IN THE TROPICS. 


SECTION A: PHYSICAL CAUSES. 

VII. TEMPERATURE AND HUMIDITY ----- 137 

Vni. PRESSURE AND RADIATION - - - - _ 1^2 

IX. TRAUMATISM 

SECTION B: CHEMICAL. CAUSES. 

X. POISONS ------- l 5 l 

XI. ARROW POISONS ------- igo 

XII. POISONS USED IN FISHING, HUNTING, AND TRADE - - 187 

XIII. POISONOUS FOOD - - - - - "193 

XIV. VENOMOUS ANIMALS*. PROTOZOA TO ARTHROPODA - - 203 

XV. VENOMOUS ANIMALS [continued) : pisces and amphibia - - 230 

XVI. venomous ANIMALS : REPTILIA AND MAMMALIA - 242 


SECTION C: PARASITES. 

Division 1 : Animal Parasites. 

Subdivision i : Protozoa, 

XVII. PLASMODROMATA AND SARCODINA - - - - 285 

XVIII. MASTIGOPHORA AND PROTOMONADINA ' - - • 330 

XIX. TRYPANOSOMID^ - - - . . - 3^8 

vii 



viii CONTENTS 

CHAPTER 

XX. DIPLOZOA AND OCTOMITIDvE ----- 464 

XXI. TELOSPORIDIA ------- 469 

XXII. NEOSPORIDIA ------- 528 

XXIII. HETEROKARYOTA AND CILIATA _ . - - 544 

Subdivision 2: Worms. 

XXIV. TREMATODA ------- 552 

XXV. CESTOIDEA ------- 596 

XXVI. NEMATHELMINTHES - - - - - -62 1 

Subdivision 3 1 Leeches . 

XXVII. ANNULATA AND HIRUDINEA ----- 683 

Subdivision 4: Ticks and Mites. 

XXVIII. ARTHROPODA ------- 689 

Subdivision 5: insects. 

XXIX. IIEXAPODA 743 

XXX. MALLOPHAGA AND ANOPLEURA - - - . 74Q 

XXXI. HEMIPTERA 761 

XXXII. DIPTERA : CULICID^ AND ALLIED FAMILIES - - 77I 

XXXIII. DIPTERA : MUSCID^E AND ALLIED FAMII.IES - ' 814 

XXXIV. SIPHONAPTERA AND COLEOPTERA .... 8^7 

Subdivision 6: Addendum. 

XXXV. ANIMAL CARRIERS OF DISEASE - - . 872 

[Division II : Vegetal Parasites. 

XXXVI, SCHIZOMYCETES ----_. g 22 

XXXVII. fungace^: phycomycetes ----- 907 

xxxviii. fungace^ (continued) : ascomycetes _ _ - 9^-8 

XXXIX. FUNGACE^ (concludcd) FUNGI IMPERFECTI - - - IO35 

PART III. 

THE DISEASES OF THE TROPICS. 

SECTION A: FEVERS. 

Division I : Causation Protozoal or Probably Protozoal. 
Subdivision A: Carried by Mosquitoes. 

XL. THE malarial FEVERS - - - - -II 29 

XLI. THE TROPICAL HiEMOGLOBINURIAS - - - - 1 21 3 

XLII. yellow FEVER 1229 

XLIII. DENGUE AND ALLIED FEVERS - - - _ J244 

Subdivision B : Carried by Sand Flies. 

XLIV. PAPPATACI FEVER ------ 1 234 



CONTENTS ix 

Subdivision C : Carried by Tsetse Flies ^ Cone-nosed Bugs, and 
Unknown Insects. 

CHAPTER PAGE 

XLV. THE AFRICAN TRYPANOSOMIASES - - - - 12 59 

XLVI. THE SOUTH AMERICAN TRYPANOSOMIASIS - - - 1 283 

XLVII. THE KALA-AZARS - - - - - -12 89 

Subdivision D : Carried by Lice, Ticks, and Mites. 

XLVIII. THE RELAPSING FEVERS - - - - - 13 08 

XLIX. TYPHUS FEVER 1326 

L. THE SPOTTED FEVER OF THE ROCKY MOUNTAINS - "1341 

LT TSUTSUGAMUSHI FEVER . - - - . I35O 

Subdivision E : Carried by Mammals. 

LII. RAT-BITE AND CAT-BITE FEVERS . _ - . I 35 ^> 

Division II : Causation Bacterial or Probably Bacterial. 

Lin. THE ENTEROIDEA GROUP OF FEVERS - - - - 1 362 

LIV. PLAGUE 

LV. UNDULANT FEVER - - - - - -1437 

Division [[I : Causation Physical or Probably Physical. 

LVI. HEAT stroke AND HEAT SYNCOPE - - - - I449 


Division IV : Unclassified, Cosmopolitan, and War-Zone 

Fevers. 

LVII. UNCLASSIFIED FEVERS - . - . _ 1451 

LVIII. cosmopolitan fevers - - _ - _ 14^4 

LIX. WAR ZONE FEVERS ------ I5OI 

Division V : Differential Diagnosis. 

LX. THE diagnosis OF A TROPICAL FEVER - - - I5II 

SECTION B: GENERAL DISEASES. 

Division I : Causation Animal. 


LXI. FRAMBCESIA TROPICA - ----- 1^3^ 

LXII. VERRUGA PERUVIANA ------ 1 566 

LXiii. rhinosporidiosis and sarcosporidiosis - - - 1578 

LXIV. PARAGONIMIASIS 1 384 

LXV. KATAYAMA DISEASE ------ 1589 

LXVI. THE FILARIASES ------ 1393 

LXVII. THE MYIASES AND ALLIED CONDITIONS - - - 1619 

LXVIII. POROCEPHALOSIS ------ 1642 

Division II : Causation Vegetal. 

Lxix. leprosy ------- 1644 

LXX. HISTOPLASMOSIS ------ 1669 



CONTENTS 




Division III: Causation Chemical or Probably Chemical. 
CHAPTER Subdivision i : Chemical Deficiency. 

LXXI. BERI-BERI AND EPIDEMIC DROPSY - - - 

Subdivision 2: Poisons. 

LXXII. TROPICAL POISONINGS _ - . . 

Division IV: Causation Unknown. 

LXXIII. PELLAGRA 

SECTION C: SYSTEMIC DISEASES. 

Division I: Diseases of the Alimentary Canal. 

LXXIV. diseases of the mouth AND STOMACH 
LXXV. helminth infections . - - _ . 

LXXVI. sprue and other diarrhceas . - - - 

LXXVII. the choleras 

LXXVIII. the: dysenteries ------ 

Lxxix. intestinal schistosomiasis - - , - 

LXXX. epidemic gangrenous rectitis - . - - 

Division II: Diseases of the Systems. 

Lxxxi. diseases of the respiratory system 
L xxxii. diseases of the circulatory system 
LXXXIII. diseases of the liver and pancreas 
L xxxiv. diseases of ductless glands and metabolism - 
LXXXV. diseases of the urinary system 
L xxxvi. diseases of the generative system 

LXXXVII. diseases of the lymphatic system - - - 

LXXXVIII. DISEASES OF THE CONNECTIVE TISSUES, MUSCLES, BONES, AND 
JOINTS ------- 

LXXXIX. DISEASES OF THE NERVOUS SYSTEM - - - - 

XC. DISEASES OF THE ORGANS OF SPECIAL SENSE 

Division III : Skin Diseases. 

XCI. PYOGENIC dermal INFECTIONS _ _ _ _ 

XCII. dermatomycoses 

XCIII. MYCETOMA AND PARAMYCETOMA - - . _ 

XCIV. DERMATITIS VENENATA ----- - 

XCV. ULCERATIONS - 
XCVI. DERMATOZOIASES 

XCVII. DYSIDROSES AND DYSTROPHIES _ _ _ 

XCVIII. MISCELLANEOUS DERMAL DISEASES - - - - 

XCIX. COSMOPOLITAN DERMAL DISEASES - - - - 


PAGE 

1671 

1695 

1700 


1739 

1752 

1780 

1801 

1824 

1864 

1871 


1875 

1895 

1906 

1919 

1926 

1938 

1961 

1967 

1981 

1993 


2017 

2040 

2110 

2151 

2165 

2200 

2222 

2247 

2264 


INDEX 


2285 



PART I 


INTRODUCTORY 

HISTORY OF TROPICAL MEDICINE 
TROPICAL RACES 
TROPICAL CLIMATOLOGY 
TROPICAL FOODS 
TROPICAL DISEASES 
FITNESS FOR TROPICAL LIFE 




CHAPTER I 


THE HISTORY OF TROPICAL MEDICINE 

Prinutive medicine; Accadia — China — Japan- — America- — Foundations of 
medicine ; Indian — Egyptian- J ewish — Grecian — Alexandrian — Graeco- 
Roman — Byzantine — Arabian — Medieval — Foundations of modern medi- 
cine ; The discovery of the tropics — Early tropical medicine — Founda- 
tions of modern tropical medicine; Causation of disease — Helminthology 
— Protozoology — Mycology — Bacteriology — Serums and vaccines — 
Entomology — Toxicology-Climatology — Dietetics — Clinical medicine- — 
Treatment — Prophylaxis — Research — The State and tropical medicine 
— The war and tropical medicine — Modern journals — Special works on 
tropical medicine — References. 

Primitive Medicine. 

Primitive peoples from the earliest times had some knowledge of 
medicine, but they did not understand the phenomena of disease, 
which they attributed to supernatural causes, generally to evil or 
offended spirits. Hence, in order to cure their ailments, it was 
natural that they should seek to propitiate these spirits ; and accord- 
ingly we find that the medicine of primitive peoples was part of their 
religion, and was administered by their witch-doctors, fetishmen, 
and priests. 

This primitive condition is still met with in many parts of the 
tropical world. Thus, on approaching a West African village, little 
images will be found on the roadside with offerings, which are often 
to make ' ju-ju ' against some disease — e.g., smallpox— which, in the 
guise of a malignant spirit, might otherwise enter the village. 

Among native peoples will be found many curious medical, sur- 
gical, and obstetrical practices which are very interesting. 

In Ceylon the superstitions are quite as elaborate as in West Africa, if not 
more so. Pestilences are considered to be punishments on the people for 
wickedness, and to be brought about by the conjunction of Saturn and 
Jupiter, or Saturn and Mars in Sagittarius. 

Every illness is supposed to be due to a demon or to the ‘ evil eye,’ and it is 
dangerous for a sick person to come in contact with an unclean person — ^the 
word ‘ unclean ’ being used in the Biblical sense — who is supposed to convey 
to the sick man a ‘ killa ' — that is to say, a something which increases the 
severity of the illness. When a person is ill, every trivial incident becomes 
of importance, and is discussed seriously to discover whether it is a good or 
bad omen. 

Another means of prognosis of great importance is the horoscope, which 
is generally made for the child soon after birth, and is written on a palm4eaf. 
From it the influence of the planets with regard to good or evil on the individual 
can be calculated. If the influences of the planets are unfavourable, some- 
thing can be done by propitiatory means. In times of pestilences, when the 
planets are contrary, the goddess Pattini can still intervene and avert the 
epideinic if proper devotion is paid to her. 

3 
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Charmt cur/e, used to drive out the evil spirit, or ifl^-dancing to shame or 
teriify him so that he may leave the body. Once ou1!f^ amulets are used to 
prevent his re-entry, and ‘ pirit/ or the repetition of meritorious verses by 
priests, is also adopted. 

. before any medicine can be administered, the position of the ‘ kalawa,' or 
Vital spot, must be ascertained. This, spot moves all over the body in regular 
succession, occurring in different parts in different phases of the moon. Its 
position must be correctly calculated, and it will then be seen whether it is 
safe or otherwise to administer certain drugs. Another important matter is 
the constitution of the individual, whether it is inclined to be inflammatory or 
not, and the person must be dieted so as to counteract the baneful effects of 
the constitution. 

During pregnancy care is taken with the diet and to avoid unpleasant 
maternal impressions, and many curious superstitions are connected with 
child-birth, such as passing the woman’s body through a hoop in order to 
bring about an easy labour. Great fear is felt lest the severed cord should 
be drawn up into the uterus, and much good luck is associated with birth in 
a caul, or even with its possession. 

Native peoples have generally a good knowledge of medical and 
poisonous plants growing in their vicinity, and it is well for the 
medical man living in the tropics to remember that cinchona-bark 
was originally simply a native Ecuador remedy, and that, therefore, 
it is not advisable to entirely despise popular drugs. 

The earliest medicine, like that of certain races at the present 
time, was largely religious or theurgic, and tliis is well exemplified 
by the medicine in Akkad (Accadia). 

Accadla. — Excluding Egypt, the earliest civilizations with which 
we are acquainted are in the neighbourhood of Mesopotamia, 
where the Sumerians, or peoples of the plain, lived on the^ banks 
of the great rivers, and the Accadians, or peoples of the hills, on 
the mountains to the east of that region. 

The latter evolved some knowledge of the arts and sciences, 
including astronomy, but their medicine was of a very primitive 
order, being a mixture of demonology, magic, and astrology. Their 
priests were the physicians, who attempted to cure disease by 
exorcisms, and philtres or drinks, into which, it is believed, they 
placed the few medicines with which they were acquainted. Their 
religion was very similar to the Shamanism Chapter LXXXIX.) 
of the Siberian and Samoyed tribes of to-day, and their language for 
long remained the secret language of the exorcisms and charms of 
Babylonia, Chaldea, and Assyria, while many of the practices of 
the Ancient J ews may be traced to the same source. The Chaldeans 
had two dread diseases— Nantar, the plague, and Idpa, the fever — 
and three kinds of doctors — Khartumin, or conjurers; Chakamin, 
or physicians; and Asaphin, or theosophists. 

China. — ^Accadian demonology, magic, and astrology are probably 
the foundations of Chinese medicine, as the Chinese are believed 
to be of Accadian origin, and their religion is as full of magic as 
that of the ancient Chaldeans, while their Buddhism has, in certain 
instances, degenerated into Shamanism, which is simply magic and 
sorcery. Nor is their medicine much better, as diseases are held to 
be caused by demons, and to be sent as punishments for the sins 
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. of a previous existence, while the evil eye here, as everywhere, is 
considered a fertile source of harm. Under these circumstances it 
is not surprising that the principal featuie of the treatment of 
disease is by magic and invocation of special gods— of that 
of smallpox. And the best preventive measure is the charm or 
amulet, which may be supposed to work in one pf the following 
ways: either to give the person confidence, or to act as a double, 
so lhat the demon, seeing the amulet, may mistake it for the part 
of the body which he intended to attack, and thus waste his spleen 
on nn ’^animate object; or as similars. 

Associated with these primitive ideas there are signs that attempts 
to advance the knowledge of medicine have been made from time 
to time. For example, there is a catalogue of herbs said to .date 
as far back as about 3000 b.c. (variously stated 3216-2699 B.C.), 
and attributed to the Emperor Chin-nong, and a work on medicine 
called ‘ Nuy-kin,* or ‘ Nuei-King,' is said to have been written by 
Huang-ti in 2637 b.c., while the god of medicine, Joh Uong Chu Sii, 
is believed to have been a celebrated physician. With regard to 
surgery, there is the god I-Kuang-Tai-U6ng, who is said to have 
been a distinguished surgeon, and to have come from the Loochoo 
Islands. The important works on Ancient Chinese medicine are : — 
E-tsung-king-kass or Imperial Book; Chag-Sang, ‘ On Long Life 
Pim-tsaon, ‘ On Botany ’ ; and Ching-che-chum-ching, ‘ On Medical 
Practice,' in forty volumes dealing with nosology, pharmacology, 
pathology, surger^^ and diseases of women and children. A Chinese 
herbal was produced under the Mings during the period a.d. 1370- 
1650, but the materia medica of the Chinese is a mixture of useful 
drugs and gruesome matters. Among the latter may be mentioned 
the broth made from flesh taken from living people, and the use of 
eyes and vital parts taken from corpses. These last appear to play 
an important part in the false accusations often made against 
foreigners who, the Chinese believe or believed, enticed people into 
secret places in order to kill them for the sake of these valuable 
medicines. Dissection has been much neglected by the Chinese, 
with the result that their knowledge of the human body is extremely 
erroneous. 

A serious attempt was made by some Jesuits during the reign 
of Kang-hy, who died in 1722, to improve the condition of medicine, 
but unfortunately it was not successful, and these daring men were 
banished during the next reign. Too high praise cannot be given 
to the medical missionaries of various countries, who, in the face 
of much danger, have introduced modem medicine and surgery into 
China, nor to the medical men, merchants, and authorities who 
founded the Hong-Kong Medical School, now the Hong-Kong 
University, which should bring forth a changed condition of medicine 
in China in the near future. 

Japan. — Chinese medicine was introduced into Japan about 218 
B.C., and remained paramount until the introduction of modem 
medicine and surgery, which quickly attained a high degree of 
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perfection. . It is beyond our space to enter into this interesting 
history, and we invite the reader’s attention to the work of Chemin 
and of Whitney mentioned in the references. 

America. — Medicine was foiind to be in a very primitive con- 
dition among the North American Indians, but appears to have 
advanced considerably among the Aztecs of Mexico and the Incas 
of Peru, although very little is now known of the condition of 
knowledge among these peoples, because the Spaniards destroyed 
all the records they could obtain. It appears that there were public 
hospitals in Mexico, surgeons for the armies, and a knowledge of 
circumcision, venesection, medicines, and chemistry. The advent 
of the Spaniards, while destroying our sources of history; brought 
America once for all under European influence, and the history of 
medicine therein forms part of the general advance of medical 
knowledge. 

Foundations of Medicine. 

Two races, however, appear to have advanced far beyond this 
elementary stage, and to have laid the foundation upon which 
modern medicine has been built. These two races are the peoples 
of India and Egypt, 

Indian Medicine. — In India there are signs of the existence of 
peoples among whom at a very early period a better race from 
the north-west forced its way. This race is often spok(m of as the 
Aryan stock. Its earliest literature appears to have been in the 
form of songs or hymns, and these were collected into what is called 
the Rig-Veda. 

Later, three more books, called Samaveda, Ayurveda, and Athar- 
vaveda, were added, forming the Four Vedas. The word ‘ Veda ’ is 
said to be derived from the same root as the Latin videye, to sec. 
The Vedas were said to be divinely inspired, and therefore to repre- 
sent the wisdom of God. 

The Ayurveda, or medical works, were believed to have originated 
directly from Brahma, who communicated them to Daesha, the 
Prajapati, his son, by whom they were passed to the Aewins, or 
sons of the sun, Surya, who in their turn gave them to Indra. 
Indra taught Bharadwaja, a learned sage, who is said to be the 
author of the twelfth hymn of the tenth book of the Atharvaveda 
which belongs to the primitive age of the priest -physician. 

Bharadwaja taught Atreya, who may, perhaps, be called the 
first physician of India, as he taught medicine in Taxila somewhere 
about the sixth century b . c . Six of Atreya’s pupils wrote com- 
pendia of his teachings, of which only a single manuscript by Bhela 
(or Bheda) and a work by Agnivesa exist. This latter has, how- 
ever, been edited by Charaka of Kashmir, who left it unfinished 
when he died, possibly in the second century a . d . This unfinished 
work was revised and completed by another Kashmir physician 
(Dridhabala), who used also the works of Vagbhata and Madhava. 
The book so compounded is the celebrated Charaka-Samhita 
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(compendium), so well known in India to-day, and refers principally 
to medical matters. 

Surgery, according to Indian mythology, descended from Indra 
to Dhanvantari, a teacher in the legendary school of Benares. His 
pupil, Susruta, who appears to have been a contemporary with 
Agnivej>a, wrote a compendium dealing mainly with surgical 
matters. The medical chapters were added . about the second 
century a.d. by an unknown writer, the result being the Susruta- 
Samhita as known to-day. Susruta ascribes fevers to bites by 
mosquitoes, and his remarks on the physician and his patient 
may be quoted: ‘ A physician experienced in his art, but deficient 
in the knowledge of the science of medicine, is condemned by all 
good men as a quack, and deserves capital punishment at the hands 
of the King.’ Again: ‘The patient who may mistrust his own 
parents, sons, and relatives should repose an implicit faith in his 
own physician, and put his own life into his hands without the 
least apprehension of danger; hence a physician should protect his 
patient as his oxon begotten child' 

A third system of medicine was evolved by Vagbhata the Elder, 
who probably lived in the seventh century a.d., and who was 
acquainted with the Charaka-Samhita and the vSusruta-Saihhita. 
His work is called ‘ Astiinga Samgraha,’ or the summary of the 
eight -branched science, because Indian medicine was divided into 
eight parts — internal medicine, major surgery, minor surgery, 
demonology, toxicology, tonics, aphrodisiacs, and paedotrophy. 

Madhava wrote a work on pathology (Nidana) somewhere about 
the seventh century a.d., and Vagbhata the Younger, in the seventh 
or eighth century, a compendium, Astahga Hrdaya Saiiihita, based 
upon the Astahga Saihgraha of the Elder Vagbhata. 

The great works are therefore those of Charaka (really of Agnivesa, 
Charaka, Dridhabala, Vagbhata and Madhava), Susruta, Vagbhata, 
and Madhava. 

After this comes the period of the commentators: — Bhaskara 
Bhatta, in the early eleventh century, on Susruta ; Charakapandatta, 
in the late eleventh century, on Charaka; Dallana, in the twelfth 
century, on Susruta; Arunadatta, about a.d. 1220, on the Younger 
Vagbhata; Vijaya Rakshita and Srikanthadatta, about a.d. 1240, 
on the Nidana of Madhava; and Vachaspati, about a.d. 1260, also 
on Madhava. In the sixteenth century Bhava Misra published a 
compilation from the older writers, which he called ‘ Bhava Praka^a ; 
or. The Manifestation of the Truth.’ 

There is no doubt that the Indian doctors were well versed not 
merely in medicine and surgery, but in the prevention of disease 
and in operative midwifery. They apparently knew diabetes 
raellitus, dysentery, phthisis, syphilis, and diseases due to worms, 
etc. In diagnosis they paid great attention to the examination of 
the pulse, the temperature of the body, the colour of the skin, the 
urine, faeces, eye, voice, and the respiratory sounds. They possessed 
a remarkable symptomatology, and as regards treatment divided 
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diseases into incurable, which they refused to treat, and curable, 
which they treated according to a copious materia medica. Among 
the various remedies must be mentioned the fact that inoculation 
against smallpox was practised at the beginning of the warm season. 
Dietetics and toxicology were also well known. 

Hospitals were founded by Buddhist Princes in India and Ceylon. 
In fact, there is an account of a hospital being founded in Anuradha- 
pura, the ancient capital of Ceylon, as early as the fifth century B.C., 
and later many more were established, as well as a sort of medical 
or sanitary department, having one medical officer to every ten 
villages, together with a definite sanitary organization, and with 
institutions for the reception of cripples, deformed, and poor persons. 
One of the Sinhalese Kings appears to have known and practised 
medicine himself. 

Under the influence of war and invasion, together with the 
introduction of new religions, caste distinctions became more rigid, 
and the Brahmans, fearing to touch blood or diseased matter, left 
the study of medicine to lower castes, and later, when the hospitals 
were closed, Indian medicine sank to a very low position, and did 
not again revive till the British Government founded its medical 
schools and research institutions. Moreover, the invasions of India 
by Mohammedans, and of Ceylon by Tamils, seem to have 
thoroughly upset all these excellent medical arrangements. The 
practitioner who works in India or Ceylon must nOt be surprised 
to find that the people strongly believe in their own system of 
medicine and medical men. At the same time, it must be remem- 
bered that their science and art is a great degeneration from the 
ancient Indian medicine. 

Modern medicine has now reached India and C'eylon froni the 
West, and native medical men in increasing numb(‘rs are to be 
found trained in modern medicine and surgery. In other words, 
in these regions there have been three medical epoclis — the first, in 
which there was great enlightenment and study; the second, in 
which the knowdc‘dge so acquired w^as largely lost; and the third, 
in which a revival of medical knowledge has come about by impor- 
tation from the West. 

Before leaving the subject of Indian medicine, it is perhaps 
advisable to note the visits of the Greek physicians Ktesias (about 
400 B.c.) and Megasthenes (about 300 b.c.) to Northern India, as 
they are of importance in proving the possibility of the exchange 
of knowledge between India and Greece, and vice versa. 

Egyptian Medicine.- In the meanwhile, and probably quite in- 
dependently, medicine had begun to be studied in Egypt ; lor several 
papyri have been found, one called the Ebers, or Leipzig Papyrus, 
of the sixteenth century B.c.— about 1550 b.c.; a second, the 
Berlin Papyrus, of the fourteenth century b.c.; a third, also in 
Berlin; a fourth, the Hears! Papyrus; a fifth, of little importance, 
in the British Museum ; and a sixth, in Paris. 

It seems probable that the Ebers Papyrus represents in writing 
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the oldest Egyptian medicine, which previously had existed engraved 
on pillars of stone, ascribed to the god Thot, who is regarded by 
many experts as the Egyptian ^Esculapius, though other authorities 
assign this to Imhotep (meaning physician), whose temple was at 
Memphis. This Ebers Papyrus is a compilation written by several 
people, one of whom appears to have been an oculist living in Byblos, 
in Phoenicia. It is thought that it was written at On (Heliopolis), 
where medicine was taught by a kind of polyclinic. This papyrus 
contains a great deal of medical knowledge, including remedies for 
diseases of the stomach, abdomen, and urinary bladder. 

Directions for the removal of buboes and concerning diseases of 
the eyes and other sense-organs, nerves, heart, etc., are given. 
Further, it gives directions for getting rid of fleas and lice. It also 
contains an account of a disease called 'AAA' and ' U H A,' caused 
by a worm Heltu. The symptoms of the disease are described, 
and a remedy is prescribed for the patient who has the worms 
in his abdomen. There is a difference of opinion as to what disease 
is referred to, and what kind or kinds of worms are meant. It is 
quite possible that it was not such a small worm as an ancylo- 
stome, but rather some other larger species — e.g,, an ascaris, or 
a tape-worm, or even an oxyuris, especially as these would be passed 
per anum, and would be easily seen. The ancient Egyptians are 
said not to have opened the bowels in embalming the body, though 
they may have washed out the contents of the bowels, and thus 
have found the ancylostome. The word ‘ A A T ' in inscriptions 
on the temple of Denderah is said to refer to malaria. 

The Ebers Papyrus is considered by some authorities to belong 
to the works of Hermes Trismegistus, which numbered forty, and 
of which six treat of medicine, surgical instruments, anatomy, and 
therapeutics. The Hearst Papyrus resembles the Ebers Papyrus 
in being a collection of prescriptions and invocations. 

The principal Berlin Papyrus contains magical invocations and 
prescriptions for medicaments; the other Berlin Papyrus contains 
recipes for treatment of various diseases, including leprosy, to- 
gether with some anatomical and physiological information of a 
very elementary nature. 

The history of Egyptian medicine becomes merged into that of 
Alexandrian, Arabian, and modem medicine; but before con- 
sidering these, a few remarks will be made upon Jewish and 
Grecian medicines, both of which owe much to Ancient Egyptian 
medicine. 

Jewish Medicine,- — The books which refer to Jewish medicine 
are the Bible and the Talmud. In the former there are several 
references of iiiterest in tropical medicine — e.g., in the Book of 
Numbers there is a description of a plague of fiery serpents, which 
quite possibly refers to the guinea-worm (Dracunculus medinensis). 
Moreover, it appears as though Moses had taught the Israelites 
how to extract the worm by winding it round a piece of stick, as 
is done to-day in many parts of Africa. Further, he appears to 
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have made a model in brass of the method to be adopted — or, at 
all events, of the worm — in imitation of Egyptian customs. 

, Again, in the First Book of Samuel, chapters v. and vi., there is 
' an account of a disease spreading among the inhabitants of the 
cities of Ashdod, Gath, Ekron, and Beth-shemesh, in which places 
no fewer than 50,070 men are said to have died. This disease was, 
without doubt. Oriental plague. The only point necessary in order 
to understand the reference is to remember that ‘ emerods ' are 
buboes. It is, further, interesting to observe that these ancient 
people noted that the ‘ mu e ' died and marred the land, showing 
that the plague affected both man and rat. 

No one can fail to be impressed by the careful hygienic precau- 
tions of the Mosaic period. For example, ^ consider how animals 
were divided into the clean and unclean, the reason for this being 
that the priests, in preparing them for sacrifice, noted the presence 
of parasites in the flesh or the viscera of certain animals, which were 
therefore to be avoided. It is true that the classification of dis- 
ease was very simple— viz., into acute disorders, called ‘ plague 
and chronic disorders, with some sort of eruption, called ‘ leprosy ' 
— but the extremely stringent quarantine rules very likely did a 
great deal of good, though doubtless unkind to the unfortunate 
sufferer. 

During their captivity in Babylon the Jews were brought into 
contact with Babylonian, Assyrian, and Grecian influences, and it is 
possible with Indian influences also. After this period — i.e., about 
150 B.c. — there existed in Palestine a curious sect called the Essenes, 
who were also known as the Healers, or Therapeutists. Still later 
appeared the Talmud, which contains surgical, medical, pathological, 
and anatomical information, much of which was doubtless from 
Grecian sources. Afterwards Jewish doctors are to be found 
associated with the Alexandrian School and the Arabs. 

Grecian Medicine. — As in India, so in Greece, medicine began with 
a Divine origin, in the latter from Apollo, who taught Cheiron the 
Centaur, who, in his turn, instructed iEsculapius, whose sons are 
mentioned as surgeons by Homer. Then comes the period of the 
Philosophers, among whom Pythagoras may be mentioned, and 
the establishment of the schools of the Asclepiades, of which the 
most celebrated is Cos, because there lived Hippocrates, who was 
supposed to be descended from iEsculapius, and is said to have 
been born about 460 b.c. His forefathers appear to have been 
attached to this ancient temple of health, and there is no doubt 
that he himself practised in the Asclepion of Cos, of which an 
excellent account has recently been given by Caton. 

The^ writings of Hippocrates, the most eminent of the eight 
physicians called by that name, are most interesting; for he clearly 
distinguished intermittent fevers from continuous fevers. Further, 
he recognized quotidian, tertian, and quartan fevers, and noted 
their frequency in summer and autumn, and their occurrence near 
stagnant water and after rains. He also mentions relapsing fever. 
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which, after his period, was forgotten till the eighteenth century, 
but he seems to have failed to recognize infection. 

The works of Hippocrates, who is justly considered to be the 
Father of medicine, are of a very high standard, but it is probable 
that directly or indirectly he owed much to Indian and Egyptian 
influences. 

Alexandrian Medicine. — War produces great changes in the social 
life of nations, and no exception is made for that portion which 
deals with disease. The wars of Alexander the Great led to the 
foundation of the city of Alexandria in the year 331 B.C., and this 
was followed by the transference of the headquarters of medical 
knowledge from Greece to Egypt, where this knowledge was 
advanced along the systematic lines laid down by Aristotle. 

The result of this was that anatomy, pathological anatomy, and 
clinical medicine, progressed hand in hand with zoology and botany, 
and here in 170 b.c. Agatharchides described Dracunculus. 

Under the Ptolemies medicine flourished, but with the fall of 
Cleopatra came the end of the first and by far the greater period 
of Alexandrian medicine, but its subsequent history is curious and 
interesting. Before the end of the great period, Alexandrian 
medicine had found its way into Mesopotamia, and thence into 
Syria, w^hich previously had been under the influence of Accadian 
medicine as handed down by Babylonia and Assyria. Centuries 
later, w'hen Alexandrian medicine had fallen to a very low level, 
it was given a flickering spirit by Syrians driven to Alexandria by 
the Persian invasion of their country in the days of Heraclius. 
The result was that Syriac medicine took hold of the city, and 
works appeared in the Syrian language. Thus, in the seventh 
century of the present era a priest called Aaron translated into 
Syriac thirty treatises by Abu Faraj, while later Sergius added tw^o 
further treatises to this number. This is the heyday of Syriac 
medicine and the much lesser period of Alexandrian medicine, 
which had long ago given place to Graeco-Roman medicine. 

Graeco-Roman Medicine. — After Alexandrian medicine came 
Graeco-Roman medicine, largely derived directly from the Greek, 
for Roman medicine, until this influence came to be felt, was very 
primitive. Among the physicians of this period may be mentioned 
Themison of Laodicea (50 b.c.), who was the first to describe 
elephantiasis graecorum, or leprosy. 

After him comes the great master of Roman medicine, Aulus 
Cornelius Celsus (25 b.c. to a.d. 45). It is quite possible that 
Census was not a medical man, but, whether or not, he has left 
behind him in his eight books of medicine a most valuable treatise. 
To him belongs the credit of clearly distinguishing two types of 
tertian malarial fever — viz., a simple and a much graver form. 
Hundreds of years later this was put upon a scientific basis by the 
researches of Marchiafava, Celli, and Bignami, in the same city 
(Rome). He also recognized the double quartan fever, and gave 
a description of elephantiasis, by which he meant leprosy. 
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medicine flourished in both the l^stern and the 
- W Empires. Among the many writers of this period, atten- 
tion may be drawn to Aretaeus of Cappadocia (a.d. 30-90), who 
describes dysentery, and gives a long account of elephantiasis, 
which he considered to be contagious by the inspired air. 

Graeco-Roman medicine reaches its zenith in Galen, who was born 
at Pergamos a.d. 131, and died a.d. 210. He studied especially in 
Alexandria, and carefully described tertian and quartan malaria. 

Byzantine Medicine. — After the fall of Rome Byzantium became 
the principal city of the world, but as Garrison so ably puts it — 

‘ the degeneration of the mind and body with consequent relaxations of morals 
led to mysticism, to the respect for the authority of magic and of the super- 
natural which was to pave the way to the bigotry, dogmatism, and mental 
inertia of the Middle Ages.’ 

There is, therefore, no surprise in finding that in one thousand 
years of Imperial rule Byzantium produced only four compilations 
— ^viz., those by Oribasius of Sardianus, by ^Etius of Amida (a town 
in Mesopotamia), by Alexander of Tralles, and by Paul of iEgina, 
and some lesser works, among which may be mentioned that by 
Actuarius on the urine. 

All these works are of interest, but perhaps that by Paul of 
.®gina. which appeared at the end of the seventh centuiy, deserves 
a little further attention. It gives a synopsis of medicine from the 
time of Galen up to nearly the end of the seventh century. In the 
second book considerable space is devoted to the malarial fevers, 
and there is also a section on ' Plague,' but what is meant by tliis 
is not certain, though Procopius, of the sixth century, is said to liave 
written an account of glandular plague. There is also an article on 
siriasis, by which was meant an inflammation of the brain in young 
children. In the third book information is given concerniiig 
cholera, tenesmus, and dysentery. His fourth book is particularly 
interesting, beginning with a description of elephantiasis grsecorum, 
or leprosy. It contains an account of broad and round worms, 
especially ascarides and dracunculus, and further describes tlic 
bites of snakes, dogs, spiders, scorpions, centipedes, lizards, croco- 
diles, and other animals. There is also a description of the stings 
of wasps and bees, and an account of poisons. 

Byzantine medicine was superseded by Arabian medicine, and 
finally ended with the fall of Constantinople. 

Arabian Medicine. — According to Garrison, Arabian mediciru' 
takes its origin from Nestor, a Christian heretic priest, driven by 
religious persecution from Byzantium to Edessa, in Mesopotamia, 
where he began the study of medicine. Pursued even here by 
religious hate, he fled into Persia, where he established the Gunde- 
shApilr Medical College, wherein were trained the original founders 
of Arabian medicine. 

Under the Bagdad Caliphs many Greek medical works were 
translated into Arabic by Mesue and Johannitius, while under the 
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same beneficent rule appeared the great Arabian physicians Rhazes, 
Haly Abbas, and Avicenna. 

Arabian medicine was carried into Spain by the Moors, and 
flourished exceedingly under the generous sympathy of the Cordova 
Caliphs, producing workers like Alflucasis and Avenzour. 

Even Egypt had its * Hall of Wisdom ' erected by Hakim 
Biamrillah in 1005, under the protection of the Cairene Caliphs. 

During this period medical instruction was given to scholars in 
the large hospitals and in the dispensaries, which were numerous. 

The features of Arabic medicine which are especially interesting 
to us are the references to tropical diseases, and these are suf&ciently 
numerous because the Arabic physicians were brought into contact 
with strangers from various parts of the world who had been 
attracted to Arabic countries by the wisdom of the Caliphs with 
regard to learning and liberty. As these strangers often brought 
with them strange herbs and drugs, so Arabic medicine abounds 
with references to new remedies for disease. 

Associated with Arabic medicine is the appearance of many 
Jeyvhsh medical works, and so much so that it appears to us that 
this should be held to be the second period of Jewish medicine. The 
reason for this development is because the Caliphs allowed the Jews 
to live and work in freedom at a time when Christianity as a whole 
was persecuting them. 

llie decline of Arabian medicine came in the thirteenth century, 
with the fall of Cordova in a.d. 1236 and with the Mongol invasion 
of Bagdad in A.D. 1258, and though it lived for long in Spain, still, 
its day was over and its scholars were passing to the School of 
Salerno, from which were to come those piercing rays of medical 
knowledge which were to illuminate the closing years of the Middle 
Ages. 

Before, however, passing on to the consideration of medieval medicine we 
will make brief reference to a few of the Arabic works on medicine, which 
included not merely dictionaries and translations, but original works on 
general medicine, pharmacopoeias, works dealing with natural history, and 
veterinary matters . 

Ahii Zakartyd YAhannd ben Mdsawayh, or Mesua, was the son of a Christian 
apothecary in the hospital of Gundephap'Or. He was appointed by the Caliph 
Hdriinu- r-Ra.^iid to translate Greek works, of which he did many, but he 
also wrote original treatises— one upon ‘the Curiosities of Medicine.’ 
He died in a.d. 857, and some of his books, as far as we know, were the first 
medical works to be printed in movable type in 1471. He seems to have 
been the first to write a medical tieatise in tabular form in his ’ Kitabu-'l- 
Mu^ajjar,' which comprised treatises on the general rules of medical art and 
on the diseases of regions and organs, including four books on the diseases 
of the skin. 

Abu Bakf Muhammad ben Zakariya-r-Rdzt, or Rhazes, was born at Ray 
m 'Iraq-i-’Ajam, but did not commence the study of medicine until he was 
thirty-two years of age, when he was taught at Bagdad by ‘Ali ben Rabban 
‘*4 “Tabari. He was first Director of the Ray Hospital and later of that at 
iiagdad. He died about a.d, 923. 

His works are numerous, and we may mention ‘ Kitabu-’l Mansuri,' or 
System of Medicine, which is divided into ten chapters. It includes anatomy, 
diagnosis, ailments and drugs, preservation of health, cosmetics and the cure 
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of pityriasis, advice to travellers, surgery, poisons, regional diseases, fevers, 
and also the qualities necessary for a physician, and remarks on quacks and 
impostors. He gave the earliest accounts of smallpox and measles, which 
earned for him lasting fame. 

A System of Midwifery—' Kitdb-u-Tadblr-el-Habaia ’—was written in the 
fourth century by a physician Abu- I- Abbas Ahmad ben Muhammad ben 
Yahya-’l-Baladi. This book included the management of pregnancy and the 
diseases of the foetus and the infant, as well as the rearing of the child. 

Khalaf ben * AbbAs-az-Zahrawi, or Albucasis, was born at Az-zahrd, near 
Cordova, and died probably about a.d. 1013. His great work is ‘ Kit&bu- 
’T-Tasrif,’ which is an encyclopaedia chiefly valued for its surgical portion, 
which* was translated into Latin in the twelfth century, and for long remained 
the standard surgery of Europe. 

Ophthalmic surgery was considered by *Ali hen ‘Isd al-KuM.dl, or Jesu 
Haly. 

Abu *Ali al-Husayn hen ‘Abdullah ben Sind, or Avicenna, often called A^- 
Shaykli (the Reverend) or Ar-Ra’is (the Chief), was born at A^ainah, in 
Buj^arA, in a.d. 980. He was physician to the Sultan of Bukli&rfi.. but later 
he retired to Jurjan, where he wrote his celebrated ' KitAbu ’L-QAnfin, ’ or 
Book ol the Canon. He died in a.d. 1037. His great work is essentially 
medical, as the surgical portion is poorer than that of Albucasis, and is in 
many places a treatise on tropical medicine. 

Hibatulldh hen Zayd ben Hasan ben Ya' qdb ben Ismd *U hen JamVal Isrd'Ut, 
or Ibn Jami Isra'ili, was brought up in Old Cairo, and was considered to 
be the greatest of the Egyptian physicians. He was physician to the cele- 
brated Al-Malik-u’n-NA.sir Salali u’d-Dln (Saladin), for whom he made his 
Theriac. He died in a.d 1198. 

The last of the great Arabian physicians, DcVudben *Umaral-AnfAkt. wrote 
an encyclopaedia of medicine, and after living for a long time in Cairo went to 
reside in Mecca, where he died in a.d. 1599. 

Medieval Medicine. — Following Garrison, wc may date niedieval 
medicine from the time that the School oj Salerno established its 
influence in Europe. As to the origin of this epoch-making school, 
we know nothing, but we do know that it was here that Arabic 
translations of Greek medical works were turned into the Latin 
language by scholars from Spain, and wc also know that the know- 
ledge so obtained led to great practical results, in that universities 
were founded, the great movement of building Ao5/'z7«/.s' was begun, 
both of which were founded and aided by Church and State alike. 
Salerno laid the foundations of these advances in medical teaching 
and care of the sick, and thus prepared the way for modern medicine, 
especially as it encouraged individual medical talent. 

Foundations of Modern Medicine. 

The revival of learning was only made possible by the destruction 
of feudalism, and this was brought about, as Garrison and others 
have pointed out, by the discovery of gunpowder. To this great 
act of freedom must be linked the discovery of printing by means 
of movable type, and the sack of Mainz in 1462, which disseminated 
the art of printing all over Europe and thus enabled knowledge to be 
easily preserved and widely distributed. 

While these events were stirring the general public, medical men 
were confronted with new diseases from the East, which came in 
epidemic form, and these terrible outbreaks compelled them to 
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observe and to record tbeir observations; and, indeed, it is during 
this period that Girolamo Fracastoro, studying syphilis and 
typhus, started modem epidemiology by formulating the theory 
of contagion. 

The subject of infection has been recently studied in a most able manner 
by C. and D. Singer, who have shown that to primitive peoples infection and 
contagion are in the general order of things, and not to be questioned, but 
that Hippocrates had no idea as to the spread of epidemic disease by infection. 
They point out that it was Thucydides (471-391 b.c.), while studying the 
' plague of Athens,* who first established spread of disease by contact, and 
Aretaeus the Cappadocian who added conveyance of infection from a dis- 
tance, facts recognized by some of ihe Arabians like Haly Abbas, while the 
School of Salerno clearly stated that disease could be spread by contact, air, 
and fomites; and Remade Fuchs (1510-1587) was not merely clear on these 
points, but wrote about the ‘ seminaria,’ or seeds of disease. All these were, 
however, merely the precursors of Fracastoro (1478-1553), whose doctrine 
of disease seeds or germs, foreshadowed in his ‘ Syphilis ’ in 1530, is clearly 
stated in his * De contagionibus et contagiosis morbis et eorum curatione * in 
1546, in which he details different types of infection, by contact alone, by 
contact and fomites, by contact, fomites, and from a distance. He considers 
infection to be nothing else than ihe passage of a putrefaction from one body 
to another. He distinguishes infections from poisons because the former 
possess seeds which can reproduce their like in a second body. In addition, 
he was the first to recognize typhus fever and the specific characters of fevers. 

These factors — viz., new methods of warfare changing society, 
new methods of spreading knowledge and apparently new epidemics 
— were the forces which in our opinion laid the foundations of 
modern medicine. 

The Discovery of the Tropics. — It will be noted that in early times 
medicine was relatively highly developed in Egypt and India, while 
it was very primitive in the Temperate Zone, but the question as to 
the supremacy of East over West was settled by the Battle of 
Salamis, and thenceforth the general tendency was that learning 
advanced in the West and languished in the East. But the West knew 
that there was an East : the question was how to get there. A few 
travellers lived to return and tell the tale of the overland journeys 
to the East, and these were sufficient to indicate that the overland 
route was unsuited for traffic on a large scale, though trade came 
through gradually. 

The problem of finding a way to the East was solved by the 
Portuguese, who in 1415 established contact with the Atlantic 
Islands, in 1444 with the West Coast of Africa, and later with the 
Congo and Angola. In i486 they reached the Great Fish River, 
and in the last decade of the iifteenth century the route to India 
via the Cape was made known. 

While this was going on in the East, Colombus was tracing a 
route to America across the Atlantic in 1492, and in 1519 Magellan 
passed through the Straits to which his name has been given, and 
showed the route to the East, while still later the complete voyage 
round the world was carried out successfully. 

China and Tibet, however, remained unknown until the seven- 
teenth century and Central Africa until the nineteenth century. 
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Early Tropical Medicine. — ^The work of the last section being 
carried out in ships with more or less numerous crews, it was 
Customary for these vessels to be provided with a surgeon, or, at all 
events, with a person with some knowledge of medicine and sorne 
powers of observation. Later, when intelligent people settled in 
tropical regions they made records of their experiences, and in this 
way a curious literature sprang up, partly geographical, partly 
zoological, partly botanical, partly medical, and partly ethnographi- 
cal. It is in this literature that we find some of the earliest references 
to disease in the tropics. The literature itself is sufficiently indi- 
cated in the list of works given at the end of this chapter ; but being 
so mixed in its nature, it produced but little effect, and was left 
almost unnoticed until after the rise of modem tropical medicine. 

Foundations of Modern Tropical Medicine. 

The discoveries of new lands made as indicated above by voyages, 
were in due course extended by land exploration, and later by 
settlements founded by Europeans and their families, and as these 
grew in number and in size, so the number of medical practitioners 
also increased. 

These medical men studied the diseases of the European settlers 
and of the natives of the regions in which they resided, and recorded 
their results in numerous publications, as is indicated in the list of 
works given at the end of this chapter. 

These works naturally reflected the teaching which the author 
had received in Europe prior to his tropical career, and, therefore, 
as knowledge in Europe progressed, so information with regard to 
tropical diseases was amplified. 

The factor which was most potent in the foundation of modem 
tropical medicine was the steady evolution and perfection of the 
compound microscope. It was this instrument which enabled 
Laveran to discover the malarial parasite, and Manson to find the 
periodicity of the Microfilaria nocturna. 

These investigators may well be called the pioneer founders of 
modern tropical medicine, and that foundation was secured by the 
world-wide interest in tropical disease aroused by Ross's discovery 
of the spread of malaria by the mosquito. From the date of these 
discoveries modern tropical medicine, in our opinion, begins, because 
they opened up the possibility of finding the cause, the treatment, 
the method of spread, and the prevention of a tropical disease, and, 
moreover, for some reason or another, subsequent work on these 
lines has apparently been much more successful in the tropics than 
elsewhere. 

Thus modern tropical medicine was essentially based upon the 
microscopical diagnosis of the disease, and differed thereby from 
earlier tropical medicine, which was entirely clinical; yet, in our 
opinion, clinical and microscopical diagnosis should go hand in 
hand, and the practitioner should never so depart from the essential 
of all medical knowledge, the thorough bedside examination of the 
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patient by clinical methods, as to commit the error of entirely 
trusting to the microscopical diagnosis. If he trusts entirely to 
the clinical diagnosis errors must occur ; if he leans absolutely upon 
laboratory examinations, which are often negative, he will again 
find himself in difficulties. The real foundation of modem tropical 
medicine is the blending together of clinical work with scientific 
research, thus making a living progressive science of medicine, in 
which causation, treatment, and prophylaxis of known diseases are 
associated with State-aided research into the unknown. We will 
now briefly look at the history of these various points. 

Oausation of Diseases. — One of the most marked features of 
m<xlem tropical medicine is the success which has attended attempts 
to find the causal agent of the various diseases; and to trace the 
rather romantic history of these discoveries, it is necessary to sub- 
divide the subject into Helminthology, Protozoology, Mycology, 
Bacteriology, Serums and Vaccines, Entomology, Toxicology, 
Climatology, and Dietetics. 

Helminthology. — We have already noted that the Ebers Papyrus 
mentioned the presence of worms in the intestines; that Moses not 
merely knew the guinea-worm, but how to extract it by winding it 
round a stick; and we have further drawn attention to Agath- 
archides’ description of this worm in 170 B.C., and to the reference 
to broad and round worms by Paul of /Egina ; and may, therefore, 
pass on to more recent work. 

Trematodes were lirst recognized by Jelian de Brie in the form of the liver 
fluke of sheep, which was after\yards described in 1547 by Gabucinez. This 
initial work was extended later by Leeuwenhoek (1675). Swammerdam (1752), 
Rosenhof (1758), Muller (1777), Zedcr (1800), who called them ‘ sucking worms,’ 
and Rudolphi (1808), who gave the name Trematode, from Tp’qfjLaTuidrjs, 
meaning pierced by holes. Quite recently these worms have been the subject 
of two great disco\^eries, wliich may be briefly summarized. 

In 1874 the trematode Clonorchis sinensis ( ~~C. endeniicns) was discovered 
by McConnell in tin; liver of a Chinaman, but the method of infection was not 
known until Kobayashi worked this out in 1912, 1915, and 1917, showing 
that the encysted stage could be found in twelve varieties of fish, and that 
kittens produced the adult trematode when fed upon infected fish, and finally 
that the first intermediate host is a mollusc — i.e., a species of Melania. 

In 1851 Bilharz discovered the trematode Schistosoma heBmatohium in the 
portal vein of an Egyptian. Since 1907 Sambon has shown that under this 
name was concealed, as sug;gested by Manson, a second parasite, which he 
called Schistosoma mansoni. In 1915 Lei per not merely confirmed the 
existence of these two distinct parasites, but traced their life-histories through 
the molluscs to the adult form in mammals. This is indeed a great and 
valuable discovery, and by no means the first by wliich this distinguished 
helminthologist has benefited mankind. 

With regard to the Cestoda and Nemathelminthes space does not permit of 
a history at this point, as this will be given later; but with regard to the latter 
group Sir Patrick Manson's researches into filariasis were epoch-making. 

The detailed history of Filaria hancrofti will be given later, and it will 
suffice to state here that the microfilaria was discovered by Demarquay in 
1803, ^i^d that Manson discovered its development in the mosquito in the 
years 1877-1879, while in 1S82 he laid stress upon the nocturnal periodicity 
of the microfilaria, a fact entirely disbelieved when first reported. 

The great importance of the discovery of the development of this worm in a 

2 
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mosquito is that it paved the way for Ross's discovery of the spread of malaria 
by a similar agency. 

It is quite impossible here to give even a reasonable list of the workers on 
this important branch of causation, but references to their discoveries will be 
found later in this book. 

Protozoology. — Protozoa were recognized by Leeuwenhoek in 
1675, and the first life-history of a protozoon (a vorticella) was 
worked out by Trembley in 1744-1747. 

Among the protozoa parasitic in human beings, one of the first 
to be discovered was Balantidium coli, found by Malmsten of Stock- 
holm in the year 1856, and now known to be often associated with 
a chronic catarrh and ulceration of the large bowel. Lamhlia 
intestinalis, discovered by Lambl in 1859, and Trichomonas hominis, 
found by Davaine in 1864, arc considered by many authors (Ebstein, 
etc.) to be the cause of certain cases of diarrhoea. 

In 1875 an amoeba was found by Losch in St. Petersburg, in a 
peasant who suffered from an ulcerative inflammation of the large 
intestine, and Sonsino in Cairo also described the finding of large 
numbers of amoebae in the intestinal mucus of a child who had died 
of dysentery. Other observers, however — e.g., Grassi, Cclli, and 
Cunningham — found amoebae in persons whose health had under- 
gone no change. Kruse and Pasqualc first suggested that there 
might be two species of amoebae, one pathogenic, the other harm- 
less. Later Schaudinn showed that there were two kinds of amoebae 
affecting man — viz., Entamoeba coli, which was nom-pathogenic ; 
and Entamoeba histolytica, described by himself, which was the cause 
of a certain kind of dysentery (amoebic dysentery) and of the abscess 
of the liver which at times followed it. 

The discovery which has had the greatest influence on tropical 
medicine was that of the parasite of malarial fever by Laveran on 
November 6, 1880. True, this had to some extent been fore- 
shadowed by Merkel in 1847, and Virchow in 1848, both of whom 
saw, and the latter figured, protoplasmic masses and pigment. 
Still, the entire credit for this great discovery is due to Laveran, 
for the others failed to recognize the parasitic nature of the forms 
they saw. Tlie development of our knowledge concerning this 
parasite is due to the valuable researches of Golgi, Marchiafava, 
Celli, Bignami, and many others. Of great importance was Golgi’s 
discovery of the plurality of species of the malarial parasite. 
Laveran’s discovery and the work of his successors left, however, a 
great gap in the history of the parasite. They described lucidly 
its life-history in the human being, but could not explain how man 
became infected. 

Sir Patrick Manson, reasoning on his work on the mosquito and 
filaria, suggested that there might be a stage of the development of 
the parasite in the mosquito. Working on Manson’s theory, Ross, 
at that time in the Indian Medical Service, after years of patient 
hard work, was able to trace the full development of a bird’s para- 
site in Culex, and partially that of the human parasite in the Ano- 
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pheles, and thus made not merely a great discovery, but one which 
ought to be in time of lasting benefit to mankind. The full develop- 
ment of the human parasite was found out by Grassi, who also 
showed that only Anopheles are capable of transmitting the para- 
site. Ross and Grassi 's most important discoveries have been 
verified and extended by many people — e.g., Marchiafava, Celli, 
Bignami, Dionisi, Daniels, Stephens, and Christophers, etc. — but 
the account of their work will be given later. Thus, out of the fevers 
all classed as malaria there issued a type clearly defined, to which 
the term ' malaria ' must be restricted. 

In 1901 Forde and Dutton discovered a trypanosome, called by 
Dutton Trypanosoma gambiense, in a case of a peculiar irregular 
fever in the Gambia. In 1902 Dutton and Todd observed this 
organism in several other cases presenting the same type of fever, 
which became known at the time as trypanosome fever, Gambia 
fever, or Dutton’s disease (Laveran and Mcsnil). In 1902 and 1903 
Castellani found a trypanosome in the cerebro-spinal fluid of cases 
of sleeping sickness, and first associated it with the aetiology. 
Further investigation by Bruce, Nabarro, and numerous observers 
in various regions of Africa confirmed and greatly extended this 
work. In 1903 Sambon and Brumpt independently promulgated 
the hypothesis that the human trypanosome was carried by a 
tsetse-fly, in all probability the Glossina palpalis ; and Bruce and 
Nabarro experimentally proved that the Trypanosoma castellanii 
is in reality introduced into human beings by the bite of Glossina 
palpalis. Bruce and others considered the transmission as purely 
mechanical, but the researches of Kleine show that the parasite 
undergoes true development in the body of the tsetse-fly. In 1903 
Castellani stated that man in analogy with the lower animals 
might be infected by several species of trypanosomes. In 1909 
Chagas discovered a form of human trypanosomiasis in South 
America, and showed that the trypanosome causing it (S. cnizi 
Chagas, 1909) was carried by a Conorhiuiis. In 1910 Stephens and 
Fantham created a new species {T. rhodcsiense), which Kinghorn and 
Yorke in 1912 showed to be transmitted by Glossina morsitans 
(Westwood). 

Trypanosomes were found in the lower animals long before they were 
discovered in man. Gruby first used (1844) the term ‘ trypano soma ' for a 
flagellate he had found in the blood of frogs in 18^2. A similar parasite had 
been found by Valentin in 1841 in the common trout (Salmo fario). Very 
little progress was made in the investigations of these organisms until 1878, 
when Lewis, in India, described a trypanosome in the blood of rats, which was 
named by S. Kent Trypanosoma lewisi. In 1880 Evans discovered a trypano- 
some in animals affected with surra — Trypanosoma evansi (Steel, 1885). 
This was a most important discovery, as it showed t at trypanosomes were 
capable of producing disease, while previously it had been believed that these 
parasites were harmless. In 1894 Lruce discovered the Nagana trypano- 
some, Trypanosoma brucei (Pliinmer and Bradford, 1899), and experimentally 
proved that the organism was conveyed by a species of tsetse-fly {Glossina 
morsitans). Rouget in the same year observed a trypanosome in the blood 
of horses affected with dourine — Trypanosoma equiperdum (Doflein, 1901). 
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Elmassian in igoi described a trypanosome observed by him in mal de caderas 
— Trypanosoma cquinum (Voges, 1901). Theiler, in 1902, in South Africa 
found a trypanosome in tlie blood of cattle affected with a peculiar disease 
known locally as ' galziecte.’ I'lie parasite was named by Eruce Trypano- 
soma theileri. l^ecently several other forms of trypanosomiasis have bc'cn 
described in the lower animals by Dutton and Todd, Cazalbou, Lingard, Ed. 
and Et. Sergent, Shillong, Martini, Ziemann, and others. 

In the meanwhile, Colonel Sir W. B. Lcishman, in the year 1900, 
discovered some peculiar bodies in the spleen of a soldier who had 
died of what was called ‘ dum-dum fever,’ but did not publish an 
account of his discovery till 1903. in which year Donovan also 
found the same parasitic bodies in Madras. This parasite was 
first considered to be a piroplasrna by Ltiveran and Mesnil, and 
called Piro plasma donovani ; but Ross created a new genus for it, 
using tile term Lcishmania. Wright of Boston found similar 
bodie.s in Oriental sore, wliicli he called Hcicosoma tropicum. The 
knowledge of these bodies and the diseases tlu-y causc‘ has been 
considerably extendc'd by Christophers and by Martzinowsky and 
Bogroff, while a great advance was made' by Rogers, who in 1904 
showed that by artificial cultix'ation Leishmania donovani de'veloped 
into flagellate organisms. I'he life-history of L. donovani outside 
the human body has partially been traced l)y Patton, of tlu' 
Indian Medical Service, in the bed-bug. In 190.1 Laveran and 
Cathoire discanT'red a Leishmania in films from tlu' sjdeen of a child 
in Tunisia. In 1905, Pianese, in Ital}', fennel a Leisliinania in the 
spl(‘en of children sulfering from febrile splenic anaania. N icolk‘ cx»m- 
pleted tlu' study of the parasite, and called it Leishmania injanlnni, 
Gabbi, and later Cardamatis, Feletti, and otliei-', ha\’e ( inphasized 
the frequency of this disease in the Mi'diterranian littoral and 
islands. Gabbi considers the disease to lie identical with Indian 
kala-azar. 

In 1903 peculiar parasitic bodies, certainh' })rotozoa. were dis- 
covered in rabies by Negri of Pavia. Negri’s im])ortant discovery 
has been confirmed by many authors, and in the trojiics by C'ornwall. 

In this section may be described the discan ery of the causes of 
disease due to spirochetes, the nature and relationship of wliich 
are not yet clearly known. ObernK'yer. as far back as 1873. 
described the spirocluete of rekqising fe\x*r. which was thought to 
be spread by the bcahbug. In 1904 Naharro, Ross, and Milne, in 
Uganda, discovered a s])irochete in thc' blood of persons suffering 
from tick fever— i.c., a fever supposed to be due to the bite of 
Ornithodoros mouhaia and independently in the same y(‘ar Dutton 
and Todd, working in tlu' ( ongo, described a s])iroch<Tte causing 
tick fever. This spirochat(i lias been pro\a-d by J^reinl and King- 
horn to be distinct from tlu* Spiroschandinnia rccurrcniis, and in 
1906 they gave it the name of S. dulioni, in honour of the late Dr. 
Dutton, of the Liverpool School, who had doiu* so much for Tropical 
Medicine, and who himself had fallen a victim to this disease. 
Novy and Knapp had a little time previously assigned the nam(? 
Spirillum dulioni to the same parasite. In 1914 Inada and Ido dis- 
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covered a spirochsetc in Weil’s disease, which they called S. ictero- 
hcemorragicB. In 1918 Noguchi cultivated from cases of yellow 
fever a spirochaett^ which he has named Leptospira icieroides. Other 
spirochaetae have recently been described, as will be mentioned later. 

In 1905 Schaudinn discovered the presence of a spirochaete- 
like organism in syphilis, which he called Spirochceta pallida. Later 
he created for tlie organism a new genus — Treponema. In the 
same year Castcllani demonstrated the presence of a spirochaete or 
treponema in yaws, and named it Spirochceta pertenuis {Treponema 
pertenue), and in 1906 dcscribt^d Bronchospirochaetosis. 

Reference must here be made to the discovery of a small pro- 
tozoan ^larasite in she< p suffering from a disease called ‘ carceag ’ 
by Babes in Roumania in 1888. The name applied to this parasite 
—viz., haematococcus — could not be maintained, as it was already 
used in botany, hence the generic name of Babesia was given to the 
group by Starcovici in 1893. The term ‘ piroplasma,’ which should 
be used, was introduced by Patton in 1895. It is, however, mostly 
due to the work of Smith and Kilbome on red-water in cattle that 
Piroplasma has become well known, together with the fact that it is 
spread by a tick. The parasite Piroplasma canis, disco\'ercd by Piana 
and Galii- Valerio in 1895, has been thoroughly described by Celli 
in 1900 and Nuttall in 1904. and the life-history in the tick has 
been worked out by Christophers. At the present time, thanks 
to the researches of Koch, Theiler, Franga, and others, several 
species of Piroplasma especially affecting cattle arc known. 

As to whether a Piroplasma is the cause of the tick or spotted fever 
of the Rocky Mountains appears open to grave doubt, although it 
has been described by Wilson and Chowning in 1902, and supported 
by Westbrook and Cobb in the same year, and Anderson in 1903, 
because other observers have failed to find any such organism. 
There is, however, strong evidence in favour of a tick being the 
spreader of the disease. 

Mycology. — Pathogenic mycology takes its origin in 1677 with 
Hooke’s description and illustration of fungi causing the blighted 
or yellow specks on the lca\'es of the damask rose, and by his 
illustration of the blue moulds. This pioneer work is continued by 
Malpighi (i()8()), Ray (1706), Plukenet (1720), Micheli (1729), and 
their discoveries were systematized and extended by Linnaeus (1753). 
Persoon (1801), Fries (1821), Link (1824), and so on to the days of 
Saccardo, Vuillemin, andlast, an^ by no means least, Pinoy ; but more 
detailed information with regard to this history will be given later. 

Special attention must be drawn to the discovery by Gruby, 
in 1844, that ringworm was due to a parasitic fungus, and to the 
extension of that discovery by Malmsten in 1845, and to the great 
list of investigators of this particular feature down to the classical 
work of vSabouraud. 

This work by Gruby produced world-wide interest in parasitic 
mycology, and for a time it made great progress, but fell back into 
a second-rate place when bacteriology came forward, and is only 
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now being rescued from this position thanks to the labour of 
Manson, Blanchard, Bollinger. Eyre. Carter, Vincent. Nocard. Pinoy, 

Bacteriology.— From the most remote tunes the suspicion that 
the mysterious cause of contagious and epidemic diseases must be 
sought in living entities has flaslied through tlie minds of many 
observers. Columella, a contemporary of Seneca, records the belief, 
apparently popular in his time, of the living nature of miasmata 
and contagion. The idea of a contagi uni viviini was not extinguished 
even in the darkness of the Middle Ages. Ihus, for instance, in a 
book written in the twelfth century, and wrongly stated to be by 
St. Hildegard, the abbess of a convent, we find notices of minute 
animals which produce disease. 

Fracastoro’s sixteenth-century work is considered above, ‘while 
in 1641 Athanasius Kircher, a friar, stated that lu' had observ^ed 
minute living organisms in the blood of a patient during an epidemic 
of plague. Linnaeus supported the theory that disease was due to 
minute forms of life by inserting papers on tlu* subject in his 
‘ Amoenitates Acadcmicae,’ But the first to promulgate scientifi- 
cally a bacterial theory w'as Agostino Bassi, a country practitioner 
of the north of Italy in the early nineteenth century. At that time 
a peculiar disease was destroying the silkworms, bringing ruin to 
the country in which the silk industry was paramount. Bassi, by 
means of the microscope, discovered the germ which is the cause 
of the disease. The organism received later the name of Botrytis 
hassiana. From analogy, Bassi believed and stated that human 
diseases were also due to micro-organisms. Bessi s work was not 
appreciated by his contemporaries. 

In 1849 Pollender, and in 1850 Davaine, noted the Bacillus 
anthracis in the blood of sheep suffering from anthrax, but it was 
not until Pasteur, in 1857, i^^-d shown that fermentation was due to 
a yeast and that butyric acid fermentation was due to a bacillus, 
that Davaine, in 1863. considered that the rodlets which he had 
seen in the sheep’s blood were the cause of the disease. 

In 1882 Koch discovered the tubercle bacillus, and from 1877 
to 1911 he introduced and improved methods for the separation 
and pure culture of bacteria, and laid down the proofs required to 
dernonstrate that a givam bacterium is the cause of a disease; and 
acting on these lines, Hansen in 1879 discovered the so-called 
bacillus of leprosy, Fberth in 1880 that of typhoid fever, Nicolaire 
in 1884 that of tetanus, Koch in 1884 that of cholera, Bruce in 1886 
that of Malta fever. Yersin and Kitasato in 1894 that of plague, 
Shiga m 1898 and Kruse in 1900 that of bacillary dysentery. 

The discovery of the typhoid, paratyphoid, and allied organisms 
has been of importance m enabling the differentiation of fevers 
previously massed together into a chaotic group labelled ‘ malaria.’ 

Serums and Vaccines.— The discovery of the immune serums, and 
their application to the treatment of disease, marked a great step 
forward in the history of medical science. 
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Still more important are the labours of Roux, Haffkine, Wright, 
Strong, Lustig, Galeotti, and others, in perfecting and applying 
vaccines to the prevention as well as to the treatment of disease. 

Those of greatest tropical importance are Haffkine's plague 
vaccine, the same worker’s cholera vaccine, and Wright’s mono- 
valent typhoid vaccine and his py(>genic vaccines. 

further advance was the intr >duction of Castellani’s multiple 
v: (cines for the prevention and treatment of disease. For long 
it vas thought that a vaccine must be monovalent, but Castellani’s 
ti ipu- /:^cine for typhoid and the paratyphoid fevers has now been 
used on a v^ry large scale for the British and other armies with 
success, and the tetravaccine typhoid, para A, para B, cholera has 
been adopted by the Serbian Army since 1916. He has also pre- 
pared tetravaccines, which include undulant or Malta fever, and 
has prepared and advocated the use of pent a- and hexa-valent 
vaccines. 

Entomology. — It is obvious from the preceding sections that 
insects play a great part in the spread of protozoal diseases, and the 
same holds good for worms and bacteria. 

Filaria can be spread by Culex, Stegomyia, or Anopheles; malaria 
by several species of the Anophelinse ; Firoplasma and spirochaetes by 
ticks; Leishmania donovani perhaps by bugs; Leishmania infantum 
probably by fleas; trypanosomes by tsetse-flies, and possibly by 
some' kind of flies. 

But apart from these diseases, of which we know the cause, 
there are two infections the unknown agent of which is carried 
by mosquitoes. Thus Finlay, in 1881, formulated definitely the 
hypothesis that yellow fever was spread by a mosquito, which 
in 1900 was proved by Reed, Carroll, Agramonte, and Lazear to 
be a fact, the mosquito being Stegomyia fasciata, now Stegomyia 
calopus. 

With regard to dengue fever, Graham of Beirut, in 1903, thought 
that he had discovered a protozoon in the red corpuscles of persons 
suffering from this disease, and that this parasite underwent develop- 
ment in Culex fatigans (Wied). Doubt has been thrown upon 
Graham's parasite, but the idea that Culex fatigans (Wied) is respon- 
sible for the spread of dengue fever has been strongly supported by 
Ashbum and Craig in 1907. 

Turning how to bacterial diseases, the work of the Indian Plague 
Committee, published in 1906-1908, proves that the rat-flea (Xenop- 
sylla cheopis) is the main means of the spread of plague. With 
regard to typhoid, it was conclusively proved in the army concen- 
tration camps of the United States in the Spanish-American War 
of 1898 that flies were great spreaders of the disease, a fact already 
emphasized by Celli and others; and this has been further supported 
by the work of Firth and Horrocks (1902), Chantemesse, and numer- 
ous other observers. Dysentery may also be spread by flies. 

A knowledge, therefore, of ticks, biting flies, and other insects is 
of the greatest importance to the doctor who is to practise in the 
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tropics. We refer the reader interested in this subject to the classical 
work of Nuttall on insects as carriers of disease in the Johns 
Hopkins Hospital Reports, 1899. 

The idea that the house-fly and its allies are cajxible of spreading disease 
originates from the time of Mercurialis, who in 1377 suggested that the virus 
of plague might be disseminated by this means, in i Obb Sydenham remarked 
that the presence of numerous flies in the summer indicai(‘d that there would 
be much sickness in the autumn, while in i8otS Crawford stated that he 
believed insects to be the carriers of infection. In 1833 Moore referred to 
flies as the possible carriers of cholera, typhoid, tuberculosis, anthrax, and 
leprosy. In 1869 Kaimbert jx^rformed the hist experiments, showing that 
anthrax could be disseminated by flies, dizzoni and Cattani made observa- 
tions on the spread of cholera by the same meeins, Grassi and later Stik's 
demonstrated the possibility ol the carriage of })arasilic worms, and one of 
us the transference of the Treponema perlnnie by tlie sann^ means. Gayon 
in 1903 indicated tlie possibility of the dissemination of fungi by fli(‘s. 


Toxicology.— Micro-organisms are not tlie only causes of disease 
to be found in the tropics, for poisons from plants and animals 
arc also of the greatest importance. 

It has been shown that the most primitiw peoples have delinite 
•cnowlcdgc of poisons, and it has already lieen mentioned how early 
the study of snake and other animal \-enoms began. 

It will suffice here to indicate that the sciemtihe study of snake- 
yenom. begun by Trince Lucion Bonaparte in 1843, has been ex- 
ended by Fayrcr, Martin, Lamb, Calmette, Noguchi, and many 
others, anci leave a fuller description of this and the history of other 
poisons to a later chapter. 

Climatology. — Tropical medicine does not coniine itself to diseases 
caused only by parasites and poisons, for there are such conditions 
as hca,t-stroke, which are entirely due to phy sical ('auses, and also 
there is the irnportant question of the intliu nce of tro]iical climates 
on man, which must be dealt with in a later cliapter. 

Dietetics.— But little work has so far been done with regard to 
this important subject in the tn.jiics, though jiion, cr struggles haw 
been undertaken most successfullv b\ Mc( a\- in India and his 
example deserves to be followed 

CU^cal Medicine.-Clinical researches into the diseases affecting 
Europeans and natives in the tropics began with the earlii st modern 
travellers non-medical as well as medical, and the earliest references 

Thus ^^"nd in these early works on travel. 

Thus, as Singer has pointed out. De Oviedo in 1 sib gives a reference 

a7orm^ f t’ 

mwosi’s In rssK '?!® a form of Blasto- 

’ whLh Pgg'-’'' ‘IS a little worm called 

, liich entered into the feet, and wrote descriptions of 
Franthwsta tropca under the term ‘ Pians.’ In 1508 (, W ^wrote an 

fr 7 m“th (heat-.stroke), and Tabardillo^, which isdcri^'ed 

from the Spanish word Tabardo, a cloak, and was applied to the 
typhus fever epidemic in Spain in 1557; and therefore G VV nnv 
have meant typhus by this term, though it is possible that he also 
.ncMed yellow (eve, „„de, ,l,e ea„,f 0.™,'’“,!' ' 
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Espinlas, possibly due to the bite or sting of some venomous 
animal ; Cameras de Sangre, or dysentery ; erysipelas, which probably 
included filariasis; and Tihoso, or scurvy. In 1642 Bontius wrote 
his work, ' De Medicina Indorum.' Chalmers and Archibald have 
drawn attention to the description of dracontiasis, dermatophiliasis, 
epidemic gangrenous rectitis in South America; simple continued 
fever, malarial fevers, dysenteries, smallpox, climatic bubo in 
India; malaria, endemic yellow fever, dengue, smallpox, filariasis, 
diarrhoeas, dysentery, and yav^s in \Wst Africa, as indicated by 
D. L. F. in 1726 and by Audrey in 1729; but these and many 

0 hers are briefly mentioned av the end of this chapter under the 
h(:ading ' Special Worls on Tropical Medicine,’ and need not be 
further described here. 

It is not possible for us to trace out in detail the history of treat- 
ment, but we may briefly mention a few points with regard to 
quinine, arsenic, antimony, thymol, and emetine. 

Treatment — Quinine.- An the seventeenth century the epoch- 
making discovery of the value of cinchona-bark in the treatment of 
malarial fevers took place. 

In 1638 the Countess of Chinchon, wife of the fourth Count, 
Viceroy of Peru, after nine years’ residence in that country, was 
seized with tertian malarial fever. Don Lopez de Canizaries, the 
Corregidor of Loxa, hearing of this, sent her a parcel of the bark 
of a tree called by the Indians of Loxa ‘ quina-quina.’ The dupli- 
cation of tlu' name ot the tree is said to indicate that it has medical 
properties. 

The value of this bark in the treatment of fever appears to have 
been only known locally, but was understood by the Spaniards in 
Loxa as far back as i()00. How the Indians became acquainted 
with the bark is not known, and the tales of the curing of their 
fevers l)y drinking the water of a lake into which a cinchona-tree 
had fallen, or of a sick puma chewing the bark, are considered to be 
myths invented later in Europe. 

Dr. Don Juan de Vega administered the bark to the Countess, 
who quickly reco\^ered, and four years later returned to Europe 
with a large supply of it, which she distributed to persons suffering 
from fever on her estates near Madrid. Hence the bark was often 
known nsPiilvis comitissce. In 1670 Jesuit missionaries sent some 
of the bark to Rome, whence it was distributed throughout Europe 
by Cardinal de Lugo. Hence t ac names ‘ JesuiPs ’ or ‘ Cardinal’s ’ 
oark. 

1 inmeus named the tree after the Countess, but spelt her name 
wrongly, calling it Cinchona officinalis. A curious strife now rose 
Europe as to whether fever should be treated by bark or not, 
but the labours of Morton and Sydenham, together with the dramatic 
cure of the Grand Dauphin, enabled its true value to be known. 

1 he tree has since that time been introduced into several parts of 
the world, and grows well in India, Ceylon, and Java. 

Finally in 1820 Pelletier and Caventou prepared the alkaloid 
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quinine from cinchona-bark. For further particulars sec Chapter 

XL. on Malaria. i *4. 

Arsenic and Antimony . — Thanks to Morgan s work ^ x xt 
to give a brief history of these two metalloids, which belong to the 
nitrogen group of the fifth vertical series of the periodic classifica- 
tion, and are related to the non-metals phosphorus and nitrogen 
and to the metal bismuth. 

Arsenic occurs in nature in combination with cobalt, as smaltite and 
cobaltite, both of which are included under the term cobolt, which was found 
by a German artist to be capable of making sympathetic ink when acted upon 
by aqua fortis, the action of which was studied in 1737 by Hellot and in 1760 
by Cadet de Gassicourt, who produced a highly inflammable stinking fluid 
therefrom, and this Then^rd concluded was a complex acetate containing 
arsenic. 

During the years 1837-1843 Bunsen isolated this complex, to wliich Berze- 
lius gave the name cacodyl, and in 1858 Baeyer, having first mdde primary 
methyl nrsenicals, produced methylarsenic acid, the soluble salts of which are 
employed medicinally as new cacodyl and arrpenal. In 1860-1863 B6champ 
made the first aromatic arsenical, and in the seventies Michaelis, in collabora- 
tion witli other workers, not merely extended this knowledge, but prepared 
the first aromatic antimony compounds. In 1902 B6champ's compound was 
first tried in medicine by Thomas and Breinl for sleeping sickness, being called 
atoxyl because of its comparatively non-toxic action, and it is the drug whicJi 
has been used with such success in sleeping sickness in the Sudan. Atoxyl 
was shown in 1907 by Ehrlich and Bertheim to be the sodium salt of /)-arsenitic 
acid, being a derivative of quinquevalent arsenic. 


Atoxyl, N'H.>CgH4AsO<^ contains from 25*95 to 20*78 per cent, of 

NOH 

arsenic, according to the amount of water of crystallization. Mono acetylated 

yONa. 

atoxyl is CH3CONHC6H5AsO<^ 

\( )H 


According to Mesnil and Nicolle's experiments, and the observations of 
Nierenstein, it is not the arsenic in these compounds which is to be looked upon 
as the effective agent, but the arnido-group, which may possibly be the effec- 
tive agent in trypan red, afridol blue, afridol violet, and parafuchsin, which 
do not contain arsenic, but possess amido-groups, and affect trypanosomes in 
a similar manner to atoxyl. According to Ehrlich, Levaditi, and Yama- 
nouchi, atoxyl undergoes a reduction in the animal tissues. Ehrlich has 
prepared two derivatives of atoxyl, one of wliich, already mentioned (arseno- 
phenylglycin), is very effective in mice on atoxyl -resistant trypanosomes. 
Levaditi and Yamaiiouchi have also prepared an active derivative of atoxyl. 
which they call trypanotoxyl. Nierenstein thinks that atoxyl is oxydized 
in the tissues, and it is only in the nascent state that it becomes efficacious. 

Owing to the fact that large doses of atoxyl lead to such unpleasant results 
as optic atrophy, gastro-intestinal inflammation, and peripheral neuritis, 
other arsenical preparations have been recommended; and the firm Burroughs 
and Wellcome has introduced, under the trade name of soamin, a prepara- 
tion somewhat similar to atoxyl, but said to be less poisonous. It is given 
in the same doses as atoxyl, but the therapeutic results do not appear to 
have been very successful. Soamin, according to the published formula is 
C2H4NH2 AsO(OH) (ONa) 5H2O. 

Atoxylate of mercury was introduced by Uhlenluth, but is less satisfactory 
than atoxyl. 

Combinations of Mesnil’s afridol and atoxyl, Ehrlich's parafuchsin and 
atoxyl, picric acid, safranin, trypaflavin, and other dyes and atoxyl, have been 
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suggested in the treatment of trypanosomiasis, but in man the results have 
not been so successful as in the lower animals. 

Mercury was first introduced in 1902 for the treatment of sleeping sickness 
by Low and Castellani, using intravenous injection of Baccelli's sublimate 
solution (hydrargyri perchloridi, o*io gramme; sodii chloridi, 0*50 gramme; 
aquae deslillatae, ioo*oo c.c.; i to 4 c.c. per intravenous injection), in associa- 
tion with arsenic and quinine by the mouth. A fall of the temperature was 
observed in some cases, but the fatal course of the disease was not influenced. 
Moore, Nierenstein, and Todd have used mercury and atoxyl in combination 
or alternation, with the idea that mercury might act upon the latent form 
of the trypanosome, while atoxyl would influence the active form. In man 
this combined treatment has appa:ently not given any better results than 
at )':yl alone. This combined trt itment, consisting of atoxyl and an 
inf organic salt of arsenic such as orpiment, has been recommended by 
Laveran and Thiroux, and has already been used in man with good results. 
The orpiment should be given in pills, in the dose of 2 grains of orpiment two 
or three times daily. The administration of orpiment frequently causes 
diarrhoea. Thiroux therefore incorporates in the orpiment pills some opium. 

Elirlich observed that the aromatic compounds of tervalent arsenic were 
more efficacious in attempts to kill protozoan parasites, and after 605 attempts 
in 1909 he evolved Salvarsan, or 60O, also known as Kharsivan and Arsenobillon, 
which is a pale yellow powder soluble in dilute hydrochloric acid or aqueous 
sodium hydroxide or carbonate. Its formula is the hydrochloride of 3 : y- 
diamino : 4*-di-hydroxy arseno-benzene — i.e. : — 


As 

/\ 

HCl. NM.^ 

OH 



On account of its phenolic and feebly basic properties, Salvarsan fails to 
give neutral salts, and the free base is very insoluble in water or in normal 
saline solution ; therefore an approximately neutral solution has to be prepared 
immediately before use, which is inconvenient, and led to the search for a 
compound with soluble salts giving a neutral reaction in solution. Such a 
preparation had been foreshadow'cd by Ehrlich’s 418 Spirarsyl, or the sodium 
salt of arsenophenylglycine, which was the most successful of the arsenic 
compounds prior to Salv^arsan. 

It was found that Salvarsan dihydrochloride could be made to produce a 
compound called Ehrlich’s 914, or Neosalvarsan, also called Neokharsivan, 
Novarsenobillon, Novarsenobenzol, or Sodium 3 : 3*-diamino-4 ; .p-dihydroxy- 
arsenobenzene-N-ineth3dene sulphurate : — 


As = As 



NH.^ \/ NH CHo, O, SONa 

OH im 

This is a pale yellow powder, wdth (commercially) generally small proportions 
of inorganic salts. It is soluble in water and the solution is quite neutral, 
out its arsenical content is lower than that of Salvarsan, and hence its average 
dose is larger, and the efficacy of the preparation should be tested by intra- 
venous injections into rabbits. 

Galyl, discovered by Mouneyrat, is 4 : 4*-dihydroxyarsenobenzene-3 : 3*- 
phosphamic acid, and forms a neutral solution w'hen added to aqueous sodium 
carbonate, and is useful in syphilis and also kills spiroednetesand trypanosomes. 
It is very slightly toxic. Ludyl is a complex disulphonamide discovered as 
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1,151 of Moune^J’rat’s series, and like galyl is given intravenously and for the 
same conditions. 

We have already referred to Spirarsyl, and we may mention Arseno- 
phenylmethylglycine has been used experimentally by Oechslin to kill 7 rypcino- 
soma evansi and T. rhodesiensc in experimental animals. 

In 1913 Ehrlich found that Salvarsan and other derivatives of arseno- 
benzene could join with salts of copper, silver, gold, and platinum, forming 
combinations which could be administered intravenously and in which the 
heavy metal appeared to aid the arsenic in its germicidal action. Luargol 
is an example of this tvj^e of chemical body. 

Further new types of compounds of organic arsenicals with anti- 
mony, selenium, etc., are being tried. Especial attention is said 
by Morgan to be directed at the moment to certain partly methy- 
lated hexaminoarsenobenzenes, which give stable solutions with 
soluble bicarbonates, and so the final word has yet to be said witli 
regard to these compounds, which the chemist is preparing for trial 
by the physician. 

With regard to tlie organic antimony derivatives, tlie salts of anti- 
monyl tartaric acid, in tlie form of lithium antimonyl tartrate, 
were first used in the experimental trv})anosomiasis of mice by 
Plimmer and Thomson in Jun(\ 1907. Tlieir results were confirmed 
by Mesnil and Brimont in January, 1908, while in March, 1908, 
Manson used it on man. giving it by tlu‘ moutli. Also in 1908 
Boosten and Rodhain used tartar emetic in human trypanosomiasis. 

In 1917), Tsuzuki introduced potassium ammonium antimonyl 
tartrate, as anliluefin, and in the same yc‘ar \'ianna and Madia, do 
gave tarta.r emetic intravenously in cases of espundia, with good 
results, which have been confirmed l)y Terra d.i Sil\ a. C'arini ('ar- 
walho and ('hristoplierson. and l)y ]>ow. Tor tlie same com])laint 
Ludeberg tried trioxide of antimony intramuscularly, and Martin- 
dale prepamd an injectio antimonii oxidi, wliich Morgan considiTs 
to contain, probably, a glyceryl antimonittc and this has Ix^eii 
reported in 1917 as curative of American la'ishmaniasis when used 
subcutaneously, intramuscularly, and intravciKuislv. 

Also in 1913 Vdamia and Aragao reported that tartar (anetic was 
useful in the treatment of ulcerating granuloma. 

In 1914 Cast(‘llani us«‘d tartar (uiK'tic, togetluT with other drugs, 
in a case of Indian kala-azar, with satisfactory results, and cani(‘ 
to the conclusion that the drug was the cause of tlu^ striking 
result, and theretore lu' recommendc'd it for routim‘ treatment. 
In the previous year h(‘ had originated his yaws mixture (now 
generally called Castcllani's mixture'), which contains tartar c'lnetic, 
potassium iodide, and both carbonate and salicylate' e)f soda. 

In 1915 Di Cristina and ('aronia re‘i)ort('{l th(' enire' e)f e'ight case's 
of infantile Leishmaniasis liy antimony therapy, anel later Rogers 
confirmed and extended this use of tartrate e)f antimony in kala- 
azar, a line of treatment well accepted at the present time. 

Emetine. —'For many years it was known that ipecacuanha anel 
emetine were valuable in the treatment of certain cases e)f dysenteryb 
and this was crystallized down to the treatment e)f ameeluc dysen- 
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tcry, and more especially to the presuppurative stage of amoebic 
hepatitis by Rogers from 1909 onwards. Later Vedder in the 
Philippine Islands studied its action on entamoebae, and Rogers 
devised the clinical application of the drug by subcutaneous injec- 
tion, which to-day is used as the correct treatment of that form of 
dysentery and its complications. 

Thymol. — Bozzolo, in 1880, was the first to introduce this drug 
for the treatment of ankylostomiasis. He obtained satisfactory 
results which have been confirmed all over the world. 

Prophylaxis. — The knowledge of the causal agent and its method 
of I isscmination have enabled rjasoned and scientific methods of 
pn j)Ii3'Ua to lie dcN'ised and carried out, of which perhaps the 
most striking is that performed in Panama by Gorgas. 

It is to be Iiopcid that in years to come these methods will be 
extended, and that many (liseas(‘s at present hampering civilization 
will cease to be terrors; indeed, the present war has amply proved 
the wisdom of prophylactic and sanitary measures, especially the 
polyvalent iirophylactic treatment against the enteric fevcTs, 
cholera,, and other diseases, and it is to be lioped that now the 
war is over international action will be taken all over the world 
to combat disease. 

Research.- -Notwithstanding the fact that so much has becui done 
to elucidate disease, still there' is a great held for research, and one 
of the direct blessings of the; receait war will be the stirring up of 
Gox'ernnK'nts to iwovide funds for this work, which should ne\’er 
be left, as it used to bi', entirely, or almost eiitire'ly. to indi\ddual 
ge'iierosity. 

The State and Tropical Medicine.- Tropical medicine has been 
fortunate in that at the commencement of modern tropical medicine 
there was at the head of th(‘ British Colonial ( 3 fhc.e a far-seeing and 
c'xceedingl\' wise statesman Mr. Joseph Chamberlain — who clearly 
n'alized the duties of the State in regard to the formation of Schools 
of Tro])ical Medicine in London and Liverpool, and of the founda- 
tion of laboratories in British Colonies. This policy, continued and 
extended under the auspices of the Advisory Committee of the 
Tropical Diseases Research Fund, has produced the Tropical 
Diseases Bulletin and other publications of great value. 

The example set by the British Government has been followed by 
those of other countries, and to-day all over the world the State 
supports tropical medicine. 

In many tropical countries, however, it appears to us that the 
Stab' should exercise more authority over the medical practitioner, 
native or modern trained ; that registers of such practitioners should 
be kept, and that this should not be confined to medical practice 
only, but also to dental and veterinary work. 

the War and Tropical Medicine.— The recent war has dis- 
seminated tropical diseases in such a manner that many of 
them may become cosmopolitan. The Anophelines of England 
have now a chance to become infected with malaria, and, 
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in fact, cases of endemic malaria have already occurred, but we 
doubt whether there is any real danger of an epidemic. Bilharziosis 
has the opportunity to spread from Egypt to other countries. Are 
sufficiently strong measures being taken to combat the spread of 
these diseases and many others like them — e.g., amoebic dysentery ? 

Another point which the war has brought into prominent notice 
is that so-called tropical diseases exist in abundance in Europe — 
e.g., in the Balkans — and that agents like lice are as prone to spread 
disease in the Temperate as in the Tropical Zone. 

Certainly the massed formations of medical knowledge at w^ork 
in the recent war at the study, treatment, and prevention of disease 
will produce results which would have been but slowly evolved in 
years of peace. 

It is not possible to close this history wdtliout acknowledging the 
debt which tropical medicine owes to the officers of the Royal 
Army Medical Corps, of the Royal Navy, the Indian Medical Service, 
the Colonial Service, and to their training schools, as well as to the 
officers of the Medical Services of the armies and navies of France, 
Italy, and the United States of America. 


MODERN JOURNALS. 

The very excellent Tropical Diseases Bulletin enables the tropical practi- 
tioner to keep himself abreast of the day as regards current events in tropical 
medicine, while the Tropical Veterinary Bulletin permits him, if he so desires 
to obtain the same up-to-date information with regard tf) the diseases oi 
animals, both these publications are issued by the Tropical Diseases Bureau 
the Imperial Institute, London, S.W. 7. 

If heclcsiros more information with regard to l>acU-riologii-al work, he inav 
find thib and much more in the ISullelin de l lnsliliil Pasteur, wliich is issued 
by that Institute in Pans. 

If he wishes more detail witli regard to Japanese medieaJ work, lie will find 

L^di'-‘!rr f Stair of the Severance Union 

Medical College, Seoul Korea, published in yVie C/iim, Medical Journal 
The names of some of the Japane.se medical journals are as follows •— 

Chugai Ip Shimpo. or Home and I'oreign .Medical News- tu-enkai /a, hi 
or Journal o the Perfection Medical Society Alumni of araw-^^ 

School; msslnnchiryo. or Modern Therapmitie,. ; Taiwan I™*, An, A ’a 

ZasshP Miiieilungcn aus dcr M edizinischen Tahutd' der Katserlicken Tbii* 
If resumes of Crermau literature are dt‘sirf‘fl - 1 t ■ 

dealing with tropical medicine:— ^ ^ ‘ ‘ original papers 

1. Annali di Medicina Navale c Coloniale (Koine) 

2. Anna cs d Hygiiae et de Mode line Coloniales I’ iris) 

3. Annale.s de 1 Institut Pasteur (Paris) ' ' ' ' 

4. Annali dTgienc (Turin). 

5. Anales del Institute Medico Nacional (Mexico) 

6. Annales Pauhstas de Medicina e Cirurgi (San P-iulol 

7. Annals of Tropical Medicine and Parafitilogy (i.ivirpool). 
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8. Annual Reports of the Principal Medical Officers of British, French , 

Italian, and Batch Colonies. 

9. Archives de M6decine et Pharmacie Navales (Paris). 

10. Archives de Parasitologic (Paris). 

11. Archiv fiir Protistenkunde (Jena). 

12. Archiv flir Schiffs- und Tropen-Hygiene, and separately ' die Beihefte' 

(Leipzig). 

13. Arquivos de Hygiene c Pathologia Exoticas (Lisbon). 

14. Archivos do Instituto Bacteriologica Camara Pestana (Lisbon). 

15. Archives de Medecine (Athens). 

16. Archivos Brasileiros de Medicina (Rio di Janeiro). 

17. Archives de I'Institut Pasteur dc Tunis (Tunis). 

18 Vtti della Society per gli Studi df’Ia Malaria (Rome). 

19. Australian InstTute of Tropical Medicine, Collected Papers (Townsville). 
20 Buletiu del institute Na' ional de Higiene de Alfonso Xlll. (Madrid). 

21. Boletin de la Associacion Medica de Puerto Rico (San Juan). 

22. Brazil Medico (Rio di Janeiro). 

23. British Guiana Medical Annual (Demerara). 

24. Bulletin de rOffice International d’Hygi^ne (Paris). 

25. Bulletin de la Societe de Pathologic Exotique (Paris). 

2b. Bulletin de 1’ Academic Royale de Medecine de Belgique (Brussels). 

27. Bulletin de la Society Portugai.se des Sciences Xaturelles (Lisbon). 

2S. Bulletin de la Societe Medico-Chirurgicale de I’lndochinc (Hanoi and 
Haiphong) . 

29. Bulletin de la Societe Medicale de Plie Maurice (Mauritius). 

30. Bulletin of Entomological Research (London). 

31. Bulletin de ITnstitut Pasteur d’Alg6*ie (Algiers). 

32. China Medical Journal (Shanghai). 

33. Cronica Medica (Lima). 

34. Cl onica Medica Mexior.na (Mexico). 

35. Commonwealth of Australia, Quarantine Service Publications (Mel- 

bourne) . 

36. Folia Microbiologica (Delft). 

37. Gaccta Medica de Caracas (Caracas). 

38. Geneeskundig Tijdschrift voor Nederlandsch Indie, Rijswijk (Batavia). 

39. Grd^e M6Iicale (Athens). 

40. Illinois Biological Monographs (Urbana). 

41. Index Medicus (Washington). 

42. Indian Journal of Medical Research (Calcutta). 

43. Indian IMedical Gazette (Calcutta). 

44. Interstate Medical Journal (St. Louis). 

45. Journal of the Ceylon Branch of the British Medical Association (Colombo) . 

46. Journal of Comparative Pathology and Therapeutics (Edinburgh). 

47. Journal of Hygiene (Cambridge). 

48. Journal of Pathology and Bacteriology (Cambridge). 

49. Journal of the Royal Army Medical Corps (London). 

50. Journal of Tropical Medicine and Hygiene (London). 

31. Journal of Parasitology (Urbana). 

52. Kitasato Archives of Experimental Medicine (Tokio). 

->3. Lister Institute, Collected Paper (London). 

33. Malaria e Malattie dei Paesi Caldi (Rome). 

35. Malay Medical Journal. 

3b. Malariologia (Naples). 

57. Medicina Contemporanea (Lisbon). 

yJ. Mcdellelingen van den Burgerlijken Geneeskundigen Dienst in Neder- 
landsch-lndie (Bitavia). 

59- Medical Journal of South Africa (Johannesburg), 
bo. Memorias do Institute Oswaldo Cruz (Rio di Janeiro), 
ai. Montlily Health Reports of the Department of Health of the Panama 
Canal (Washington). 

62. Pacific Medical Journal. 
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. Panama Canal Record (Balbao Heights Canal Zone). 

: Section B. Philippine Journal of Tropical 

, Proceedings KCLnal Zone Medical Association {Mount Hope. Canal 

, Proceedings of the Society for Experimental Biology and Medicine (New 
York) . 

Records of the Rgyptian Government School of ]VIcdicinc (Cairo) , 

! Review of Applied Entomology, Series B, Medical and Veterinary (London) . 

, Revue de Mcdecine et ddiygiSne Tropicales (Paris). 

, Revista Medica de Yucatan (\ucatan). 

, Rcpei'torio de Medicina y Cirugia (Bogota). 

, Revista Clinica (Colombia). 

, Revista Medica de San Paulo (San Paulo). 

Revnie Medicale d 'Alger. 

Riforma Medica (Naples). 

Saiiidad y BeiHdicieiicia, BdIHo de I'Sc'cretaria (Havana). 

Scnithern ^ledieal Journal (.\ash\illi\ I'tmnes.'-ee). 

South-Western ^ledicin(\ J*'! Paso ('J'e.xas). 

Sperimeiitale (ldorenc(‘) . 

Studies from tlie Institute for .Mt‘dical Research ( 1 'eth‘rated Malay States). 
Transactions of the Society of Troj)ical .Medicine and Hygiene (London), 
Texas Stjite journal of Metlicine (Tort Worth). 

Veeartsenijkundige Bladen voor Nederlandsch-lndie (Batavia). 

Zeitschrift fiir Chemothe: apie (Leipzig). 

Zc'iLschrift fur Hygiene und Infeklionskrankludten (Lei])zig). 

Zeitschrift fiir Immunitatsforschung und J Lx peri men tell Therapie (Jena). 


The following journals have, from time to lime, valuable papers on Troi)ical 
Medicine and Parasitology: — 

1. Arbeiteii aus dem Kaiserlichen (h‘suiKlheitsain ( e (lierlin). 

2. Arcliives of International .Medicine (Clncago). 

3. British Medical Journal. 

4. J^fostoii MedicaJ and Surgical Journal f Boston). 

3. Bulletins and Re]:)orts of the* Tnited Slates Depart nu'ii is ( oncerned wnth 

{(i) Animal Industry; (A) Hygienic Lalioratory; (c ) Public, Health 
(Biihelins aiifl Rf|.)ort.s .sf-jiaratel y) ; {d) Naval Medical; (c) War 

Depart inmit (Wash! ngton ) . 

0. CvLiiadian Medicad .Vssociatif >n journal ( l oronto) 

7. ColU'Cted Studies from the JL'.sfMich I.tiboraloia , Tt-p.in meiit of lUaltli 

(City f)f NTwv York). 

8. Comptes Rendus de la Societe de Biologic (Paris). 

9. Deutsclie ]^h*dizinische Wochen.schrifl (Berlin). 

10. Johns Hopkins Bulletin. 

11. Journal of the American Medical Association (Chicago). 

12. Journal of Experimental Medicine (New- York).' 

13. Journal of Infectious Diseases (Chicago). 

14. Journal of Laboimtory and Clinical .Medicine (St. Louis). 

15. Journal of Immunology. 

16. Journal of Medical Research (Boston). 

17. Journal of the Royal Naval .Medical Service (London). 

18. Lancet (London). 

ig. Medical Journal of Australia (Sydney). 

20. Miinchener Medizinische Wochenschrift (Munich). 

21. New Zealand Medical Jo irnal (Wellington). 

22. Policlinico (Rome). 

23. Presse M6dicale (Paris). 

2.p 1 ' roceedings, Seiies ]>, and Transactions of the J^oyal Society of Londtm. 

23. Quarterly Journal of Micro.scopical Science (London) 

26. South African Medical Record (Cape Town). 
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JOURNALS WHICH HAVE CEASED PUBLICATION. 

Since the appearance of the second edition of tliis book the following 
j ournals have either ceased to be published as separate entities or have stopped 
publication altogether: — 

1, Americayi Journal oj Tropical Diseases and Preventive Medicine. This is 

now inclu led in the New Orleans Medical and Surgical Journal. 
Three volumes were issut d 1013-1916. 

2. Journal cf the London School of Tropical Medicine. Two volumes were 

issued 1911-1913. 

z. Tournal of Tropical Veterinavv Scic ce, Calcutta. Seven volumes appeared 
1906-1912. 

4. KiiuUusni, S^'nla. There ue five numbers only, 191(^-1912. 

5. Scientific Memoirs by Ojffictrs of the Medical and Sanitary Departments of 

the Goveryinient of India. New Serit^s, Calcutta. These are exceedingly 
valuable publications, and numlHTed some sixty volumes from 1902- 
i()i3. Their ])lace and that of Paludism is taken by the Indian 
Journal of Medical Research. 

6. Yellow Fever Bureau Bulletin, Liverpool. Tht‘re arc three interesting 

volumc‘s in existcnice which appeared from 1911 to 1915. Its work is 
carried on liy the Annals of Tropical Medicine and Parasitology. 

No Reports of the Wellcome Tropical Research Laboratories. Khartoum, have 
appeared sinc(‘ 1911. In the meanwhile much of the original work performed 
(luring tht‘ last live years has been- published in medical, chemical, and 
entomological journals. Up to date four reports and two reviews of tropical 
literature liave appeared between i(jo4 and 1911. 


SPECIAL WORKS ON TROPICAL MEDICINE. 

(In Chronological Sequence.)] 

De Oviedo, F. (1326). Hystoria Natural de las liidias (Toledo). (1547). 
Coronica de las Indias (Madrid). (.-Vccounts of Yaws and Jiggers.) 

Thevet, h\ A. (1538). Les Singulariliez de la I'rance Antartiqiie autrement 
nomniee Amerique. (Jiggers, Yaws, and Native Practice.) 

Da Orta, G. {1563). Cokjcpiious dos Simpk's e r>rogas da India. (This 
book IS the first Furopean work ]>ublished in India, Lind contLiins descrip- 
tions of many Indian plants and tlnnr LipplicLition to the treatment of 
CholtTa, Dysentery, etc.) GLirciLi da Orta was physician to Dom Marten 
da Sousa, Governor of Goa. with whom he travelled in India and Ceylon 
ill 1534. Antwerp, 1567, translation by Cluscus into Latin. The 
English translation (1913). 

W, G. (139S). The Cures of the Diseased in Kemote Regions (London). 
Heat Stroke, Typhus, ^'ellow Pd'ver (?). Erysipehis (Filariasis ?) . 
Espindas Dysentery, and Scurvy. (1916) Reprinted at Oxford. 

Pvo.NjTTus, |. (1642). Di' Mediciiia liulorum (Lugdum, Bata\'ia). (Remarks 
on drugs, preservLition of health. 1 : atmeiit, Lind morbid anLitomy.) 

Aia'inus, P, (1643). De Medicina ^Egyptorum (Parisiis). (The first book 
I ontLiins articles on the state of Egyptian medicine, on diseases endemic 
a. id epidemic, including plague; the seconcU on blood-letting; the third 
on scarification, extraction of stone from the bladder, baths, and friction; 
the fourth on medicines.) 

idsoN, G. (1648). Historia Medica Brasilia^ (Lugduni. Batavia). (This work 
IS divided into two parts, of wliich the first treats of Brazilian climato- 
logy; the second, of Brazilian iliscases — e.g., catarrhs, diseases of the eyes, 
spasm, stupor of the members, obstructions of the viscera, hydropsy, 
fluxes, tenesmus, colic, dysentery, liver troubles, worms, syphilis, ulcers, 
etc.) 
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PisoN (Gulielmus) et Georgio Maregravo de Liebstat (1648). Historia 
Naturalis Brasiliae. 

PisON, G. (1658). Die Indise Utriusque de Natura et Medica (Amsterdam). 

Clever, A. H. G. (1682). Opuscula Medica ad Mentem Sinensium (Franc- 
forti). 

Sloane (1707-1725). A Voyage to the Islands of Madeira, Barbadoes, and 
Jamaica, to which is prefixed an Introduction wherein is an Account of 
the Inhabitants, Air, Water, Diseases, Trade, etc., of that place. 

Kaempfer, E. (1712). Amcenitatum Exoticorum. Poiitico-Physico-Medi- 
corum Lengovia. (This well-illustrated book, dealing with Persia, India, 
and Japan, is composed of five fascicles, of which the first is political; 
the second anticpiarian ; the third physico-medico, containing descriptions 
of the Torpedo, Dm cun cuius persaruni, Asafadida, HyciroceJe, liy})er- 
Scircosis ulcerosa pedum malabarica' genti vernacida— /.c., Madiira-ioot, 
3,cupuncturc, cautenzatiou; the fourili uiid Jiith arc botanical.) 

F, D. L. (172b). Traitc des Maladies J^irticulicrs aux Pays Oricntaiix 
(Paris). (Bound with LuilJier’s W)yagc.s; contains dcscriptioiis (d 
Sea Sickness, Scurvy, Colic, Venereal Disease. l'e\'er, Chiinea-\\ orms, 
Jiggers, Serpent Bile, Smallpox, etc.) 

Aubrey. T. (1729). The Sea-Surgeon, or the Guinea Man s Vade-Mecum 
(London) . (Contains accounts of louvers, ErysijH‘]as, Diarrha-a. Cholicks. 
Yaws, Negroes and their Food, idc., as S(;en on tlie C oast ('^ Cruinea.) 

Atkins, j ’. (1734). Tlie Navy Surg(‘on (l.ondon). (('-ontain.s an a})]iendix on 
‘ The Sleej:)}' Distemper in th(‘ Negro,’) 

Ai'kins, I ■(1737). A Voyage totiuinea. Jh'azil, West Indies. 2nd edition, 181 o. 

Pekk\', C. (1743). View of the J.evant , p.irticul.irly t'onslantinoj)h', Syria, 
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'\ ht' Xi'-fics — Tropiciil ’vaces J‘rimitive man — Classification— Caiicasic 
division — Ethiopic division MoiiRoJic division- Amerind diension 
References. 

THE TROPICS. 

vSuPAN suggested tlint climates slniuld be classified as follows:- — 

1. Tropical or warm climates, extending from the Lquator to the 
mean annual isotherm of 20 ('. or {>S I'. 

2. Temperate climates, extending from lands possessing a mean 
annual isotherm of 20 C. or 68"" F. to those which have a tern 
jicrature of 50 ' F. for the warmest months of the year. 

3. Cold cli males, lying pok^wards of the isotherm of 50^ F. for the 
warmest months of the year. 

Ill 1 ^'ig. I we hat'e depicteal the tropical or warm climates as 
delineated by vSupan’s lines marked B.B., indicating the mean 
annual isotherm of 20^ C. or ()8 F. in north and south latitudes. 
Both lines are very \\avy. the northern being situate about 35 
degrees north latitude, and the southern at rather less than 30 
degrees south latitude. This region Supan has divided into two 
zones, the Tropical Zoncuwd the Subtropical Zone, by lines indicated 
on Fig. I as A. A., which represent isotherms of 20^ C. or 08° F. 
for the coldest months of the year in both nortluuTi and southern 
latitudes. 

These lines A. A. correspond more or less to 23^ degrees north 
and south latitiuk' - i.e., rnon^ or less to the Iropics of Cancer and 
Capricorn. 

I. The Tropical Zone. — -ICxamining the map a little more in 
detail, it will be noticed that, starting in the extreme west and 
travelling eastwards, the isotherm both north and south of the 
f-quator is nearly the same a> the latitude 23^ degrees north or 
sinith, but as the coast of America is reached it dips a little to 
the south in the Northern Hianisphere. and considerably to the 
north in the Southern Hemisphere. This variation is caused by 
^.old currents in the sea running along the west coast of America, 
the more important of which (marked 1. on tlu' ma])) is the cold 
current from the Antarctic. 

Tracing the line farther eastward, it will be noticed that it rises 
towards the north in the Northern Hemi.sphere, and falls towards 
the south in the Southern Hemisphere. In the Northern Hemi- 
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sphere this is due to the warm Equatorial Current (II.), and in the 
Southern Hemisphere to the warming effects of the land and to the 
warm Brazilian Current {IV. ). 

With reference to the different effect of land and sea, it is neces- 
sary to remember that though 25 per cent, of the heat of the sun’s 
rays which fall on the outer limit of our atmosphere are absorbed, 
still these rays do not really warm the air to any appreciable extent. 
The r(>al warmth of the air is obtained from the dark heat radiated 
from land and sea. 

T .and not only absorbs the rad .ant heat from the sun more quickly 
tl ,.n \enter, but also more readily gives off the dark heat to the air ; 
therefore the presence of a large area of land upon which the sun’s 
rays fall more or less vertically at noon all the year round will raise 
the temperature of the air, and will tend to extend the area of the 
warm climates. Hence the land may become e.xtremely hot — in- 
credibly high temperatures have been mentioned by authors— 
while water never becomes very warm. The reason of this is that 
water, being a liquid, by convection and by currents tends to keep 
at a more even temperature than land, though, as already noted, 
the currents, cold and warm, have a marked influence on the climate. 

Turning again to the map, and tracing the isotherm eastwards 
towards the west coast of Africa, it will be noticed that again both 
the northern and the southern isotherms approach the Equator, 
and again this is due to cold currents- in the north to the North 
Equatorial Current (V.), and in the south to the cold Antarctic 
Current (I.). Crossing the continent of Africa, the effect of land 
is seen, and on passing into the Indian Ocean the effect of the 
Mozambique and the South Equatorial Currents may be noted, 
and finally, to the west and east of Australia the cold Antarctic 
Currents produce effects. 

Thus the Tropical Zone is altemately (k^creased and increased in 
area, the most marked diminutions being on the west coast of 
America and the west coast of Africa. 

It will be observed that this zone includes Central America, a 
large portion of South America, the West Indies, a large portion of 
Africa, Madagascar, a portion of .\rabia, India, Ceylon, Indo-China, 
Sumatra, Java, Borneo, the Philippine Islands, New Guinea, and a 
l^ortion of Australia, and many otlier smaller islands. 

2. The Subtropical Zone. — Tlie Subtropical Zone lies between the 
isotherms of 68° F. (20° C.) for the temperature of the coldest month, 
and the same isotherms for the mean temperature of the year. 

Iw is depicted in Fig. i, and will be noticed to include a portion of 
North America and considerable portions of South America, Africa, 
A^ia Minor, Arabia, Persia, North India, China, and Australia. 

Another method of subdividing warm climates, based upon the 
winds, rainfall, and altitude, will be given in the next chapter. 
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TROPICAL RACES. 

It is now desirable to inquire very briefly into the races of man- 
kind inhabiting these tropical or warm climates as defined abo\'e, 
in order that the tropical practitioner may understand the racial 
relationship of the peoples amongst whom lie is working ; and for 
this purpose we gi\’e the following very condensed account, starting 
with primitive man. 

PRIMITIVE MAN. 

From geological, zoological, and botanical coiisidc'rations thi‘r«‘ 
can be little doubt that in early tertiary times there ('xisted an 
Indo African continent where, at present, ilu' Indian Ocean lies. 
This continent, embracing the Deccan, Madagascar, and Soidli 
Africa, is more extensi\'e tlian Sclater’s Lemiiria , and is now known 
as Gondwanaland. 

This Indo-African contiiK'iit ma\', for many reasons, have been 
the site of tlu' j)rinnti\T honu' of tlu- Iniman race, and ind('i‘d it 
was in Java tliat Dubois found those remarkable ti'eth, calvarium 
and femur, wln’cli to-day ari' n'cogni/aal as Ix’longing to PUheciui- 
thropus crcchfs Dubois which, ge()logi(\ally, belongs more 

probably to the* early Phustoceiu' ratluu’ than to the 'tertiary 
Pliocene, as was at one tim(‘ considend ])ossi]d(\ 1 hese remains 
bclongc itlua' to a, A'er\’('aiiy form of man orto an imnu'diat* prei'ursor. 

Once e\a»!\*‘(!, tliere can be no dotd)t that tlio medn fai'tor in 
man’s furtlier evolution has been the deve}o])ment of the brain, 
and this may liave been stimulated by his remark.ible migrations, 
for, dIi^a'n by food reijuirenu'nts. gi'ologicaJ or mrteorological 
disturbances, man migrati'd from his prinu'wal iiome and spreari 
westwards into Africa, where, in the then fertih' and w»'ll-water*'d 
northern regions of tlu' Sahara, ('aucasic man probably evolved. 
He also migrated northwards into Asia. e\-oh ing ther^* the common 
ancestor of Mongolic-Amerind man. which eventually formed M(ui- 
golic man in Asia, while* the furtlier migration into America ga\a’ 
rise to Amerind man. IMigi ations from the* south were e^asii^r in those 
days, because the Himalayas wen* much lower than the\' an; t(^-da\*. 

In the meanwhile' the* non-migrating common anci'stor ma\’ ]ia\'(; 
cvolveel into Kthiopic man, wlu) was exa-ntualK' eomiX'lh'd by the 
subsidence of the lanel to migrate' we'stwards iiitei Africa and Cast- 
wards into Oceania. 

With regard to these' e'arlv migrations, it must imt be forgotten 
that the climatic ce)iielitie)ns wria- jirobably \(‘ry diffe-reiit from 
those of to-day, and, as it wa-> a warm inte*rglacial jieriod, were dis- 
tinctly favourable to these movements; whih* the abundant land 
connections of Africa, to lAirope*, Asia to Anu'rica,, anel America to 
Europe, of those days materially facilitate'd them. Neither must 
it be forgotten that these migrations, as we ll as suliseejueiit migra- 
tions, were not single, but multiple, taking place in successive waves, 
and spread over a long space of time. 
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When considering the different divisions of mankind in greater 
detail, it will be noted that they spread from their original homes 
in various directions and at various times, until the whole world 
was populated. 

The lirst dispersal of man over the globe must have resembled 
the migrations of animals in that it must have been performed 
unconsciously undc'r the influt nee of the factors just mentioned, 
though it is possible that th( food factor was th(‘ most potent, 

. -('ause, as Seliginann has poiiited out. the* hunting man of to-day 
(‘onires a rela a\a‘lv larg(' ana in which to obtain his food, and it 

c(jiudl\ possible that ])rime\'al man soon found tliat a gi\’en 
district was unable to fred his rapidly increasing family or tribe. 
Under these circumstanca > the family or tribe* in question would 
move into a more suitable* n‘gion. \Micn man bt'canu* more* evolved 
migrations would still take* i)lace‘ under ce)m})ulsion as describe'd 
above*, but might also ha\'(* take*n ])lac( uiuler the influences of 
attraction or expulsion, by which one* me ans that a powe-rful trike 
might be* attracted to an an-a lie-ld by a we-ake*!' tribe, which latt(*r 
would be compe'lled to submit to tlie* con(pi<*rors r)r to migrate to 
some other area. If the* we‘ak(*r trilx* remained with the stremger, 
then' would ])ossibly be* a raea* fusion, as has so ofte'ii taken place* 
all o\'(‘r the* world, and a lU'W mixed race* would a})pe*ar, e)r the two 
rae'i's might Ww toge-tlur with little* fmion. During the-se* e*arly 
time's must ha\'e‘ a]q)e'are*d m.any of th<* eli>e*ase'S. e‘S])e.'cia)ly the* in- 
fe'ctious dise'ase s. wliiedi to-elay afflict mankind, but what ])art the 
dise'ase* factor ])Iaye‘d in the*se' migraiie)ns we* de) not know. \Miat 
p.'irt e‘])i(lemic ])arasitie' elise'ase*s have* ])laye'd in e*\'e)luti( -n cannot 
be* state’el, but that the*y must ha\'e* ])laye*d senue* part in the e*x- 
tinction eef animals se'e'ins ]'>e)ssible* : auel it a])])e'ars also possible 
that ])arasites transfe*rre*ei fre)m animals te> man at this ])e‘riod bv 
the age*ncy e)f blood-sue'king inse-eds, e te.. max' hax'e* forme*d the* 
basis e)f ce*rtaiii of the* elise'ase*s of man te>-elax'. 

ddu’se migratieins must hax’c be'e'U de*laye*el or sto])])e*d b\- mee*ting 
xxdth natural barrie'i's. such as elese*rts. dense fe^ia^sts. e)r l>re)ael 
expanse's e)f wate*r: and ]>re)bably at the'Se* place s se ttle ine nts would 
be made. fre)m wliiedi re*flux migrations iute> parts e)riginalhn)ccupied. 
or ]tasse*el thre)ugh. might arise, elite again to the influe'uce e)f the 
factors abeix'c* me‘ntie)ne*el . 

In this way tribes, now moelilie*d bv se'le'e'tie>n. e ux ironme id . etc., 
re*-entered the districts thre)ugh which the'X’ had onginallv passed. 
;md, (Hiding them more* or h'ss occupied by elilfe*rentl\’ ex'olved 
iK'oples, brought about fusion of the* early di\dsie)ns nul subdivisions 
of mankind. And thus at an ea.rlv pe*rietel arose the first of these 
race fusions wfliich are ethnologically so cemfusing te>-elav. Due 
factor in tlu*se early re'fluxes must be inernt iemeel, and this is the 
changed meteorefleigical conditions bremght abe)ut at the (dacial 
period or periods, for during these man must liaxa* been drix'eii 
towards the Equator, while in tlie intervals he could wander pokwvards. 

Fhese early migrations and refluxes must have acted as potent 
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stimiili to the already rapidly evolving brain of man, but this 
evolution does not appear to have gone on equally all over the world ; 
in fact, it is in the so-called Culture Zone, situate between 25° and 
50° north latitude, that brain development began to be highly 
specialized. In the eastern part of this region arose the Accadians, 
the Eg3q)tians, and the early Cretans, from whom all the culture 
of Europe, Asia, and Africa evolved; and separately in the west 
the Mexicans, Peruvians, Columbians, and inhabitants of Yucatan, 
whose advance was ended once for all by the Spanish conquests, 
leaving only the culture of Accadian, Egyptian, and Cretan origin to 
supply the world witli knowledge. 

In other regions man has lagged far behind; indeed, in New 
Guinea and in other places we have the native peopk^s just emerging 
from a contemporary Stone Age side by side with the newly migrat(‘d 
and highly cultured Caucasic. 

The tropical regions of to-day have therefore a most curious and 
most complex congeries of mankind. First, the indigenous in- 
habitants or natives of the land in question, together with the 
descendants of peoples arising from the int(‘rmingiing of the original 
native race with other races brouglit thither ])y migrations of long 
ago; secondly, peoples whose native habitat is a t(‘mp(‘rate or cold 
climate, and who are derived from the quite reccuit and stiii con- 
tinuing Caucasic migration; and. thirdly, the lialf-castes, derix'ed 
from the intermingling of these Caucasic race^ and the nati\’e races 
From the above it will l)o com})r(‘l)t‘iided that the study of tlu* 
ethnology of man in the tropics is indeed complex, but some ele- 
mentary knowledge of the origin and relationshi])S of the peopk* 
among whom he is to work may be of use to the })ractition('r in 
the tropics, and therefore we give the following lu'ief classiiication, 
leaving anyone interested in this subject an opportunity of furthei 
study by means of the works mentioned in the ref(Tences at th(‘ 
end of the chapter. 

Classification.- — All classilications are more or les^ aj tiliciah and 
based upon the generally accepted knowledge of the day, and are 
therefore ephemeral, and tlu' various classilications. sugg(‘sted l)y 
Bernier in 1684, Linnaais in 1735, 1740, and 1758. ]>lum(‘nbach 
in 1775, Virey in 1801, Des Moulins in i825-2(), Bory dr Saint- 
Vincent in 1827, Agassiz in 1850 and 1853, Isidore Geoff roy Saint- 
Hilairc in 1858, Pruner Bey in 1863, Haeckel in 1873, J^>r()ca and 
Topinard in 1885, Flower m 1885, Deniker in 1889, and. linally, 
Keane in 1895, form no exception to this rule. 

The most useful classification is that of Ki*ane, in which the 
human species is divided into four divisions — viz. ; — 

The Caucasic Division. 

The Ethiopic or Negroid Division. 

The Mongolic Division. 

The Amerind Division. 

We will now briefly consider these divisions. 
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Caucasic Division. 

This division of man is thought to have evolved in Northern 
Africa at a time when the Sahara was a well-watered and inhabitable 
region. 

Characters. — The characters of Caucasic man are : — Height, average or above 
the average; colour, florid or pale; hair, long, wavy, soft, and flaxen, or long, 
straight, wiry, and black, in either case oval on transverse section ; skull, 
dolichocephalic or brachycephalic ; eyes, moderately large, straight, blue or 
black; nose, straight or archetl eptorrliine; cheek-bones, small; ^Vizi's, orthog- 
nathous; teeth, small; beards, full. Three types are recognized of these 
physical characters; tlie Nordic, with cephalic index 74-99, and blue or grey 
eyes, fair hair, and height 5 feet 8 inches to 6 feet; the Alpine, with cephalic 
index 80-90, brown ox bla( k eyes, dark hair, and height 5 feet 5 inches to 
5 feet 0 inches; the Mediterranean, v.ith ((})halic index 72-78, black eyes, 
black hair, and height 5 feet 4 inches to 5 feel b indus. Speech, inflecting — 
e.g., th(‘ llaniitic, Semitic, and Aryan languages — except in some instances, 
when it is agglutinating — e.g., llastpie; tcmpcramoit , active, enterprising, and 
imaginative. Medicine varies from the highly evolved h'uropean medicine to 
the jirimitive Oceanic medicine. 

Migrations.- From his Saharic home the primitive CaucaMc man wandered 
in Faheolithic. and Neolithic limes eastwarcls into the \'aiky oi the Nile and 
on into Asia, where he met Mongolic man, and later into Southern Asia, and 
.so into Oceania, reacliing, as we sliall ]>rcscntly see, its farthest islands. He 
ahso wandered northwards in succe ssive migrations across the bridges between 
Africa and Ihirope, where he was succeedeil by the early race to which belong 
the Caiinsta<lt cranium found in i70(;, the Neanderthal cranium found in 
1856, the Spy cranium found in 1S80, the skeleton of Homo primigenius found 
in 1908 in the \’alley of X'czdre, and the various skeletons and skulls found 
in 1909. All these skulls belong to the type called * Neandcrthaloid,’ after 
their best-known member, and are lon.sidered by .some authorities as not 
belonging to Homo sapiens, but to a sejiarate s])ecies- — H. pnmigenius {H . 
ncandcrthalensis) — whit h is a])proat hetl to-day must t k sely bv the Australian 
type. This earlier typt' was followed by more highly evolved Caucasic types, 
as, for example, the Cro-Magnon race of the French anthropologist s found at 
Les Fyzies in Perigoiil. ll is almost certain that these early peoples did not 
spciik an Aryan language, but more probably a language allietl to that of the 
Herbers, and therefort' to the jiresent Basqui‘ language. In Asia a fusion 
took jflace of certain Caucasic races with Mongols, forming the I'lirkoman and 
many I'atar peoples, such as the Fzbeg Tatars. 

In both ])rehistoric and historic times there have been migrationsof Semitic 
Caucasians from .Asia into Africa, of which the most important were the 
Arabic migrations, which have produced a great impression on the peoples 
of Northern and Eastern Africa. 

In recent times migrations of the higlily evolved types of Caucasians have 
taken })lace from Europe into America, Oceania, Asia, and Africa, and to-day 
new races are arising from the fusion of native races with Spaniards and 
Portuguese in America . ith Dutch in South Africa, and with French in Indo- 
(Tiiiia. It is, however, a curious .sociological trait of the Anglo-Saxon not to 
nnalgamate with the aborigines of the land into which he has migrattxl. 

Population.— At the present time the Caucasic division is estimated to 
number 770,000,000 of the i ,57 o,(H)0,()Oo of peoples which are supposed to 
inhabit the world, but there can be no doubt that this division is rapidly 
increasing in numbers. These 770,000,(00 arc distributed as follows: 

Europe, ; Asia, 280,000,000; America, ii5.ooo,c()o; Africa, 

i 5 .ooo,(X)o; Oceania, 5,000.000. 

Classification. — Ethnologically. Caucasic man may be classified 
into the Xanthochroi and the Melanocliroi, while an early wave 
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passing across Asia gave rise to the Indonesians, which type is 
difficult to define, though Haddon considers that its least modified 
representatives are to be found among the dolichoc(‘phalids of th(‘ 
forests of Borneo. 

The Xanthocroi, or fair subdivision, is characteri/ed by possess- 
irug light hair and light-coloured cyc'S. It eonteins the modern 
Europeans, who can be subdivided into the Tcaitonic branch, 
consisting of Germans, Dutcli, Anglo-Saxons, and Nors(‘ races, and 
the Slavic branch, consisting of Russians. Poles, Serbs. Bulgars (in 
part), and Croats. It is the Teutonic branch which has su})])lieal 
many of the p(a)])les of the recent C'aiicasic in\-asion of the t ro])ics. 

The Melanochroi, or dark subdivision, has long, straight. wir\’ 
black hair, black eyes, and only avcTage* height, while tluar cliar- 
acters an^ tierv, impulsive, aiul liekle. For the' pre^t'iit ]uirposes 
the Mcianocliroi ma^’ l)e subdix ieh'd into Hainites. St iiiites, Hindu>. 
and Drax’idians. 

'J'/ic Haniites inav be fiirtla r divide'd into a western dix ision and 
an eastern division. 'I'lu' Wesieni Hamitc'S dve the P* rbers. somt*- 
times referred to <as Libx’ans. xx'lio are s])r(\'id from tlie ( anarx’ Isles 
in the we'st to th(' Oasis of Six'a in tlie east, and from the Mediter- 
ranean in tlu* nortli to the Senegal I\ix\ i' and s(»iitliern boundaries 
of the Sahara in the south. 

The original strain of the Berbers has beeom<‘ alteiaal by admix- 
ture xvith Aral) blood in the' north and negro blood in tlie south. 
In tlu' north tliev have', sulfereal much from th(‘ irru])tions of Plueni 
cians. i'^omaus. Gna'ks, \ andals. Arabs, and the Ixuropean nation>(»i 
to-day. 

Txvo import.int seahions of the 1 Berbers must be reeogni/. d- the 
Agriculturists, as, for ('xami)K‘, tlie Kabxies of Mauretania, who lix e 
settled lixes, and ilie Nomads, represented 1)\’ tlu' '1 iiangs of the 
Sahara. Tiaicing the x'arious grouj)s of tnu' and ndxt d Berbei ^ 
from xwst to (\ast, tliere aie first of all the (luanehes. oi' original 
inhabitants of the ( aiiarx Isles, who shoxx' an affinity to these 
peoples; then the frar/a and Brakiia of the Coa^t Sahara just 
north of the Siuiegal Ixiver, xvho hax’e a negro strain J'he ]\roois of 
Morocco must be considm'ed to lx* Ik rbers xvith a strong .Arabic 
strain. The principal grou])s of thest' are the Riffians of the north 
of Morocco, the Braiders of tin* Atlas. Hk^ Sliluli of W Vstern Alorocco, 
the Siis betxxaam the great and small Atlas, and tin* 'I'afilat to the 
south of tlu; Atlas; l)ut tlu' last txvo liaxa* a negroid strain, as hax’e 
the Wargla. East of these toim* the Kabxle^ of Jurjura and the 
Siiauia of Aures, xvho an* interesting because, according to authors, 
some of them have chestnut hair and grev exa s. I he I’Kal-Nails 
of the Biskra district an* mixed Berbers and Semit<‘s. 

South of the territories of these peoides are the intiua sting xadled 
'fuaregs, with their centre in the Ilaggar Mountains, and tlnur 
dixdsion into Asgers (Asjars) in the east, Haggars (Ahaggars) in tlie 
xvest, and Kelowis in the south; and Axvehmmiden on the ( entral 
Niger. The veil, or liiham, is ustal to protect them from the wind- 
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blown sand of the desert. In the sonlh of Algeria there are mixed 
Bc rl>ers, Arabs, and negroes, such a the Beni-Mzab, the Wargla, 
an 1 other inhabitants of the oase . The Shaamba are Berbers 
b( t vcen the south of Tunis and the west of Tripoli. In Tripoli 
it if there are Berbers mixed witli Semites. South of these and 
ea i of the Tuaregs lies Tibesti, the headquarters of the Tibus, who 
ar now Mohamii edans with a slight mixture of Paganism. Far 
S' r \'iu re are the Fulahs, who are Berbers with a great admixture 
()i negro blc I, who arc dispersed among the Sudanese negroes. 
I'hey took their endgin on the Senegal, but later invaded the Hausa 
States and formed the lunpire of Sokoto. 

The eastern division of tlv^ Hamites includes the Egyptians, the 
Abvssinians, and the Sv)-called kThiopians or Nubians. The 
Egyptians of to-day cexisl as the ( liristian Kopts and the Moham- 
medan Fellaliin. Tlie lUliiopians include tlu‘ Bejas or Bisharu, of 
the land bc'tween tlie Kh‘d Sea aiui the Nile; tlu* Afar or Danakil, 
bi'twiHUi Abyssinia and tlie (bilf of Adc*n; tin* Somals of Somaliland, 
who arc* much intermingl(Hl with negnxs, Ara]:>s. Afars, and Abys- 
siniaiis; iIk* Oallas or Ilni’Orma, in Soiitliern Ethiopia or (iala- 
land proper; and th(' Masai of Masailand. intermediate betweem the 
(ialla. and the W’ahuma or W'aliima, wlio are disjierscal among the 
Ikintu ])eopl(‘S (){ the grcsil lake's, and are b('lie\'ed by some to be the 
originators of tlie Bantu dialects. 

The Scniiics ha\'e Bu'ir primc'val honu' in Arabia, from which 
tlu'V wandi'n'd in \'arious directions -c.g., the llimyarites or 
Soutlu'rn Aralis to Abvssinia, the Arabs pro])er to North xVfrica 
and to tlu' c-ast coast of Afrieai, producing profound eitects. Thev 
may b(' classilied into South Arabians, including H inuaritc'S and 
tlu'ir (h‘ri\ ati\'es. ci'idain triln-^ < d tlu* Ab\-s>inians. ;nid the Northern 
or true Arabs, the Assyrians. Am(»rites. and C'aiiaanites, which 
incliuh'd tlu' Ih'bn ws anil PlKeiiie iaiis. lioth of wliiidi \vdvc })ro- 
duced elfi'cts ipion man in Africa, wlu rc' to-day tlu' p'w is found in 
numbers in d'rijioli and Algeria. 

The Hhidits. 7'lu' Aryans an* thought by Ktaiiie to ha\'c' arisi'ii 
as a fusion of many C'aucasic and some Mongolic elements with an 
original xanthochroid basis, and to have lived in a Eurasian home, 
probably in the. steppes between the Ural and Caucasian Mountains 
and in tlu' Aral-Caspian depression and the regions of Turkestan; 
for, as he points out, in Neolithic times this region was \a'ry suitable 
for human life, being then W('ll waterc^d, but the gradual drying of 
Asia would compel these primitive Aryans to wander westwards 
into Imrope, and south-eastwards into the Iranian plateau and 
India, and it is with this last migration that we are at present con- 
cenu‘d. In this extent tlunv is only one non- Ary an survival — viz., 
die Brahuiof Eastern Baluchistan. The important groups arc the 
Hindus, Bengalis, Punjabis, Kashmiris, (iujaratis, and Sinhalese. 

The Dravidians include a vast congeries of tribes, which, if the 
so-called Pre-Dra vidian jungle peoples be excepted, form eve^- 
where in India the basis of the population. The pure Dravidian 



48 


TROPICAL RACES 



i iij. '2. — Thk Races of Asia. 

Jill n ntcbin'^on’s ' Living Races of Man. 


CAUCASIC DIVISION 


49 


stock is represented by the short, dark, broad-nosed, dolichocephalic 
peoples (recalling the noseless Daezu of the invading Aryans), but 
they have everywhere been modified by fusion with immigrant 
peoples, giving rise to the Aryo-Dravidian, Scytho-Dravidian, and 
the Mongolo-Dravidian types. The Aryo-Dravidian type is princi- 
pally found in Northern India and Ceylon, its upper strata being 
exemplified by the Hindustani-speaking Brahman of Northern 
India and the Tamil-speaking gentleman of Nortliern Ceylon, while 
its lower strata are exemplified by the Chamar. The complexion 
of these people varies from mecLUim brown to very dark, and their 
nC'-.‘S from medium to broad. The Scytho-Dra\*idian type of 
11 India is characterized by a fair complexion, with little or 
no hair on th(' face, witli broad lieads and moderat(‘ly fine noses. 
Riseley considers that this type is a fusion between I)ra\ddians and 
immigrant Scythians, and Haddon suggests tliat it is a fusion with 
the Alpine race from the hills of South-West Asia in prehistoric 
times. The Mongolo-Dravidians are best represented by the inhabi- 
tants of Lower Bengal and Orissa. They are of medium stature, 
and usually of dark complexion with abundant liair on the face, 
with broad heads and broad or medium noses. 

Indonesians. -The greatest divergence of o})inion is found with 
regard to the inhabitants of Malaysia and Oceania. It would appear 
probable that the earliest inliabitants belonged to the undiffer- 
entiated negroid typ(\ of which the negritoes gave ris(‘ to the 
Andamanese. tlu‘ Semaiigs of ^Malaysia, the Aeta of the Phili])})ines, 
and tlu‘ pygmic'S of New (iuinea, while tlu* negroes formed the 
'rasmanians. the Papuans, and the majority of tlu* Melanesians. 
In among tlu'se jx'oples came the brachyceplialic Mi'iigols, called by 
Haddon the Proto-Malays, who were to be found first in the Penin- 
sula, and later, driven south by the Caucasic migrations to be 
presently described, in the islands. 

Earlier migrations still, i)erhaps of lowly developed Caucasian 
stocks, may have gi\en rise to tlu* Pre-Dravidian jungle tribes of 
India and ('eylon, and perhaps to the Kakhyers of Northern Borneo 
and the Sakai of Malaysia, and to one element in the Australian 
race. 

An early migration fused with the Proto-Malays, forming the 
Proto-Polynesians of Haddon, who migrated into the W’estern 
Ibicific, and, fusing with the early black peoples, gave rise to the 
Melanesians; while others, passjig through or round Melanesia, 
Went on to Tonga and Samoa, and later to Tahiti and Raratonga 
of Pu* Cook Islands, spreading later to Haw’aii and the Marquesas, 
and still later to New' Zealand. These migrations or voyages are 
supposed to have begun by a migration to Java as late as (>5 B.c.. 
and did not cease till a.d. i Jpo. In this waiy the mixed populaticais 
of many of the islands of the Pacific arose. 




— The Kac'ks of Mm.aysta and Ocfania 
in Hutchinson’s ‘ Living Races of Man,’) 
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Ethiopic DivisioiL 

It is possible that this division took its origin in the Indo-African 
continent. 

Characters.— The characters of Ethiopic man are; — Height, either above the 
average (negro) or dwarfish (negrito) ; colour, blackish or yellowish brown ; hair, 
short, frizzy, flat in section, or reddish-brown and woolly; skull, dolicho- 
cephalic (negro) or brachycephalic (negrito); eyes, large, round, prominent, 
black, with yellowish cornea; nose, flat and broad, platyrrhine; cheek-bones, 
small; jaws, prognathous; teeth, large; beards, absent or small; speech, 
agglutinating, with prefix and postfix types, or inflectional. In negroid 
Africa there are numerous languages in the Sudan and West Africa, but in 
the '\st, centre, and south there arc only variants of the Bantu stock language ; 
in f.<.' .->vcath there are the Hottentot and Bushmen languages. In Mada- 
gascar and Oceania the Malayo- Polynesian stock language is prevalent. In 
America the speech of the negroes has approaclied that of the European 
languages. Tewperameni, indolent, sensuous, passionate, and t ruel. In 
Africa there is a lack of self-re.spect, thus readily permitting slavery. 'J'he 
development of the mind is believed to be arrested at puberty by the closure 
of the cranial sutures, and there is also a belief that the negro, left to himself, 
without Caucasic migrations, woukl have retrograded enormously, some 
stating that he would have retrograded to the condition of an animal (these 
statements may be received with caution). Religion, fetishism, nature and 
ancestral worshifi; medicine, primitive, being closely associated with religion, 
and therefore with the fetish priest, and therefore with magic, charms, inv^oca- 
tions, and sacrifices; but there is a knowledge of poisonous plants, which are 
used in trials by ordeal, in hunting, fishing, and war. 

Population. — Ethiopic man is guessed to number some 175,000,000 of 
persons, of whom perhaps 155,000,000 are in Africa, 3,000.000 in Madagascar, 
20,ooo,t;o() in America, and 2. < 00,000 in Oceania. 

Migrations.— From his Imlo-African home Ethiopic man wandered west- 
wards into Africa and eastwards into Oceania. 

Africa. — One of the first of the westward waves must have been that caused 
by l\ah'Eolithic man migrating into Africa, w'herein he spread north and south. 
Another very early wave was that of the pygmies, who gave rise to the 
Bushmen and negrilocs or negrillos, and spread erlong the whole east side of 
Africa from the Mediterranean to the extreme south. With, or perhajis not 
long after, the pygmy migration came the taller negro, who ])ossibly wandered 
into East Africa and through the forests, together with the pygmies, to the 
west coast, and possibly northwards as far as the northern shores of the 
Mediterranean; but these migrations of Ethio}>ic man in Northern Africa were 
stopped by the evolution of Caucasic man, who not merely drove the negro 
southwards, but made some remarkable race fusions with him. Thus, for 
example, the Hottentots are believed by some, to be of Hamitic-Bushmen 
origin, although others consider it safer to place them as intermediates between 
the Bantu peoples and the Bushmen. Tliese Hottentots were stronger than 
the Bushmen peoples, Init not so strong as the Bantu peoples, by w*hom they 
were eventually driven into Southern Africa. 

Another remarkable race fusion is tl.at w'hich produced the E'ulani, who 
are relieved to have been originally Berbers (Caucasics), but who have inter- 
mingled with the negro races among whom they have migrated. Thus their 
resideime on the Senegal River is traced by the Wolofs of the Senegambia, 
who are a negroid Fulani race; and along the Niger by the Mandingoes, who 
pos.sihly have also Tuareg and Arab infusions. These Mandingoes, driven by 
f'ulaai migrations, have to-day approached the coast south of the Senegal 
River, di.splacing the Krus and Kpwesi, w'ho now live in Liberia. Migrat- 
ing farther inland, these Fulanis compelled the Ashantis and Fantis to travel 
^aslwards, and then settling in the Hausa States, and forming the Sokoto 
Empire, they compelled the Hausas to move southwards and to force the 
I orubas to approach the coast, who in their turn drove the weaker indigenous 
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tribes into the unhealthy th'lta of the Niger. 'The J'ulani can also be traced 
by their language right across Africa to Dar-Fur. 

All these negroes, pure and mixed, living in that region of Africa which is 
called the Sudan, from the Arabic lidcd-es-Sitdan (Land of the Blacks), 
speak languages of various slocks; but v^ery different is the language of the 
Bantu -speaking peoples of llie ])orlion of Africa south of a line aj)proximately 
drawn eastwards from the Rio del Key River, near the northern boundary of 
the Kamerun, which se])arati's the Bantu peoples from tlie Sudan peoples. 

It is cjuite im])ossible here to mention the many changes which have been 
brought about in the ])osition of the various Bantu tribes by the slave-trade, 
migrations of local tribes, as wcdl as those of ('aucasians ; but these influences 
have jnoduced many changes (“ven during the nineteenth century, of which 
some arc known, particularly in Sou di Africa. 

J'he slave raids began with the exj^edi lions of the ancient Egyptians, and 
continued unid (juite recenlh’, when tlu' last Arabic raiders were checked by 
the Camasic migi'ation. 

Localh’, mo\’ementsof C'oiigo tribes southwards, and southern tribes north- 
wards and interior tribes coastwards, lane caused much contusion; but 
perhaps, of all tlie mov ememts, those* of the Ama-7adu and their descendants, 
the Zulu, esja'cialh^ under Chaka, t(.)g(“tlu'r with those oi the Barotsc* and the 
Alamtati, and the ()\'a lierero, arc* the* most remarkable eu' best known. 
C'urious causes ha,\'e e'alle*el forth these migratie)ns. First of all, the ]diysie:al 
leature's ol Alrica hara* had a gre*at e'lfee t u]>()n the oecu])ations, and ihence 
upon the migrations of its ]>e‘ 0 ])le; se*c(jndi\', the urgent need for salt in 
\'e'getal-f('e'(i ing pe’fj])le's. driving theun coastwards; and, lasth', the endemic 
and ('])id('mi{ disease* laclor. which is demonstrated by tin* waaker tribes 
being clri\en into the* most unhealtlu* reeion>. 't he Caucasic migrations of 
flu* 1 hi tell and I'.nglish in South Afru a leave aEo had great e*f{e*ct in driving 
tin* native* Iribi s northwards and in e*xtv rminating them. 

Ocunna. ■ The c astwar 1 or < k e*anK miu’ aiion ol i'dhio])ic man is extremely 
dillic ult to follow, and ma\' ha\ c* taken pkn e largelv cjn foot (J^a.'r land bridges, 
whic h at that time* c‘xistc*d, and later in ; ano('> lo wate*r. 

I he negritoes. or ])ygmic*s. are* re*ju a >e iitcd to da\- Iw the .Andamanese, the 
Seinangs ot .Malae >ia. the At ta ol the* 1 'hilijgum r^. and the p\-gmic of New 
(tuiiiea; vvliile* tin* (tteanic m groc-.s ga\ e ri>e' to the e-.xliiui Fasmanians and 
the* Ra pna ns pro] lei', t he la 1 ( c'l ioi mine t In* ground -^te»e k e>: A1 ela lU'sia . 

Classifleation. -I'^tliiiologie'alh', the l-.iliiopie' iiiillions arcs classilied 
into two principal scadioiis tlu' \\\‘stcrn or .\fricari. and the 
Itastern or Oce'anic., section. 

Ihc' slattn'e* of the' ltthio])U's eif the Oce'anic section is less than 
that ol tile* .Afric'ans, the' hair is more* wiry, tlu* nose is large' and 
straiglit. the' lips are not so ihie'k. and are' not c'Certeel as they are 
in the' Atiieains. 1 he (lecanies are more' s.avage'. but they shenv 
irtistic' taste' and e Xe'cnte woexl-e a rving. 

I he II .'sfrni or A friaui Scciiou contains negritoes anel negroe's. 

I lie lU'grito is ehvai lish, with \■('llo^ ish-brown colour, le'ddish-breiwn 
we.olly hail', and br;uiiyce'piialie'. skull ; wliih' tlu' lU'gro is tall, of 
t)la( Msh (U)lonr. with je't-black fri/.zy hair and dolicheH e'}>halic sknil. 

1 he African negro may be- snlidivide'd into lu^groc s living north 
‘k hvCpiator and not speaking the Bantu diakets. which include 
the' We'st anel Ce'ntral Snelaimse, the' We'lle Kh cr gronjis. the Nilotic 
kE>ups, and the' Nnbas eif Keireleifan, and inte) greiipis living seinth of 
the* h.epiateir and speaking the Bantu dialee'ts; while' in tlu' e'Xtre'me 
^'^oiith are found the He)ttente)ts and Bnshmeii. 

I he Eastern or Oecanie Seelion contains also negritoes and negroes, 
distinguished as above mentioned. 
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Mongolic Division. 

Mongolic man probably evolved in the Tibetan Plateau of long 
ago. 

Characters, — The characters of Mongolic man are: Height, rather undei the 
average; hair, black, lank, coarse, round on transverse section; skuU, brachy- 
cephaiic; eyes, small, black, oblique, with outer canthus slightly higher than 
the inner, and with a vertical fold of skin over the inner canthus; nose, very 
small, mesorrhine; chcch-honcs, prominent laterally mesognathous; teeth, 
medium; heard, slighter absent, but moustache present; speech, agglutinating, 
with postfixes, the families being Lhal-Altaic, Tibeto-Indo-Chinese, and 
Malayo-Polynesian; temperament, reserved, sullen, and apathetic in the 
Mongols, industrious in the Chinese, and indolent in the Malays; they are all 
gamblers; religion, animism. Shamanism, Lamaism, Buddhism, Moham- 
medanism, Confucianism, Taoism, etc.; medicine, mostly theurgic, associated 
with invocations, but in China, there has been an attempt to evolve a higher 
state of efficiency. The Hungarians have the usual highly evolved modern 
medicine. 

Population. — The total number of Mongols is estimated to be 540,000,000 
persons, of whom 380,000,000 are believed to reside in China, 55,000,000 in 
Japan and Korea, 35,000,000 in Indo-China, 30,000,(00 in Mahiysia, 
10,000,000 in Mongolia an(I Manchuria, 6,000,000 in Tibet, 7,000,000 in 
Turkestan and Siberia, 13,000,000 in West Asm, and 4,000,000 elsewhere, 
but estimates vary very much. 

Migrations. — I'lie common stock of Mongol-Amerind man, migrating from 
the primeval home in the Indo-African continent, passed into Asia, and while 
the Amerind division travelled through that continent into America, it is 
probable that the Mongolic division made its home in d'ibet. This would be 
in later Pliocene times, when the Tibetan Plateau would not be the elevated 
region which it is to-day. 

In Tibet to-day the original type is best preserved among the Drupa, who 
are about 5 feel 4 inches in height, with light brown skin, .somewhat resembling 
that of the Armerindians, with brachy cephalic skulls, long black hair, brown 
eyes, slightly prominent cheek-bones, depressed nose, wide nostrils, and large 
ears. They are semi-nomadic pastoral peoples, living at a height of about 
14,000 feel above the sea-level. The other groups in Tibet are the Bofipa, 
the dominant peoples, who are of mixed descent, and the Tanguts, predatory 
peoples along the nortli-east boundary. 

From this Tibetan home Mongolic man wandered westwards, giving rise to 
the celebrated Akkads and Sumerians of Babylonia, and much earlier entered 
Europe, giving rise to the many Asiatic invasions of that continent. With 
regard to the Akkads and Sumerians, it may be stated that they early evolved 
a form of culture wdiich grew and flourished after their fusion with their early 
Semitic conquerors, thus laying the foundations of one of the most ancient 
forms of human civilization. According to .some authorities (though by no 
means proved), the Chinese took their origin from early Akkadian emigrants. 

Another migration from Tibet was southwards along the valleys of the 
Irawadi, Salwin, and Mekhong Rivers into Indo-China, giving rise to the 
Mishmi, the Abors (with whom there has been trouble recently), the Kuki, 
the Luohai, the Chins, the Nagas, the Karens, the Khas, and the Moi, who, 
though perhaps not the makers of the stone implements recently discovered 
in the Irawadi Basin, may be looked upon as the aborigines of these regions, 
because there is at present no evidence as to who these earlier peoples were. 
The above-mentioned tribes have remained in a primitive condition, but 
others have developed, under Hindu influences, a high degree of civilization — 
as, for example, the Burmese. An immigration from the north brought the 
Malayans and theTai race, which, coming from Central China about the 
Yang-tse-Kiang, gave rise to the Shans, the Laos, and the Siamese; while 
yet another migration, this time from the valley of the Si-Kiang and South- 
Eastern China, gave rise to the Annamese, Tongkinese, and Cochin Chinese. 
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In Oceania, taken in its widest sense to include all the islands of the Indian 
Ocean, as well as what is generally known as Oceania, the Mongol peoples 
are often known under the term ' Malays,’ which is, properly, only applied 
to the Mohammedan tribes of Malay Peninsula, who are the Malays proper. 
These Malayans are found in Sumatra, Java, Borneo, Celebes, Bali, Lombok, 
Billeton, Bangka, the Spice Islands, and the Philippines, but are much 
mingled with other races — e.g., with the negroes of Bantu origin in Mada- 
gascar, and the Caucasic Indonesians in Malaysia generally. 

Keane says that the term ‘ Malay ’ was originally applied to the Orang- 
Mal^yu, a small tribe of the Menangkabau district of Sumatra, who rose into 
prominence about a thousand years ago and spread over the archipelago, 
and whose language is the chief medium of intercourse throughout Malaysia. 

Reverting to the j^rirnev^al home of the Mongols, there are still furtlier off- 
shoots to mention — viz., the Hyperboreans of Northern Siberia and the 
Mongol-Tiirki. These latter, who are often called Mongol-'Fatars, from tv'o 
words — -‘Mongol,’ meaning ‘brave,’ and ‘Tatar,’ the plural of ‘Tata,’ 

* an archer’ (while ‘Turk’ is an Aryan word meaning ‘swift’), wliich, 
again, is often spelt ‘ Tartar ’—.spread in two directions — eastwards and 
westwards. The eastward-migrating Mongol-Thrki gave rise to the Mongols 
proper, who include the Kalmuks, Sharras, Buryats, Tunguscs, and Manchus, 
and the Mongoloid Koreans and Japanese. The Tunguses of the Amur Basin 
and East Siberia are interesting because the great bulk of them are Shamanists, 
their Shamans being medicine men, oltcm called ‘ priests,’ who heal by magic, 
uttering oracles by which they establish communication with the invisible 
world, and thus are able to coerce good spirits and evil spirits to work for the 
good of the patient, and even to expel devils. The Manchus are the cele- 
brated imperial caste of the Chinese Empire, d'he Koreans, so called after 
the ])Owerful Koryo dynasty of a.d. 918-1392, are of mixed Caucasic and 
Mongolic origin, and are the precur.sors of the Japanese, who are of mixed 
Caucasic origin from the Ainus, Mongolic origin from the Manchus and 
Koreans, and Malayan from the Malays coming through the Philippine Islands 
and Formosa. 

The westward-migrating Mongol-Turki need not detain us, except to state 
that they gave rise to the Turki proper, the Samoyedes, the Lapps, the 
Magyars and Finns, and the Bulgars, probably only in part. 

Classification. — The Mongolic division (vide Figs. 2 and 3) may 
be classified into : — 

1. Mongols, who include the Mongols proper, the Tunguses, the 
Manchus, the Koreans, and Japanese. 

2. Turki Peoples, who arc the Yakuts, Kirghizes, Turkomans, 
Anatolian Turks, and Osmanli Turks. 

3. Ugro-Finns, comprising the Finns, Lapps, Samoyedes, Mord- 
vins, and Magyars. 

4. Tibeto-Chinese, with the Tibetans, Burmese, Nagas, Shans, 
Siamese, Annamese, and Cliinese. 

5. Malayans, who are classed into the Malays proper, the Javan- 
ese, including the Sundanese, Madurese, and Javanese proper; 
the Achinese, Rejangs, and Passumahs of Sumatra; the Bugis, 
Mangkassaras, and Minahasans of Celebes; the Tagalas, Bisayas, 
etc., of the Philippines, the Byaks of Borneo, the Formosans, and 
the Hovas of Madagascar. 

Amerind Division. 

The Amerind or American-Indian division of mankind has a 
twofold origin - -from l^urope and from Asia. From Europe dolicho- 
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cephalic Caucasic peoples made their way in Pleistocene times along 
land bridges connecting Britain with the Orkneys, the Shetlands, 
the Faroe Islands, Iceland, Greenland, and Labrador, lliese 
peoples, making their way across the continent, met witli later and 
more numerous arrivals, the brachycephalic peoples ()f Mongol- 
Amerind stock, arriving from Asia by tlie land connections about 
the Behring Straits and the Aleutian Islands. 1 hese Uvo^ races 
fused and formed the Amerind division of man. Ihese Paheo’ 
lithic races were apparently uninterrupted b\' any Caucasic, 
Mongolic, or Etliiopic migrations until the discana^ry of Ann‘rica by 
Columbus, after which all three divisions madt' their migrations 
thereunto. Therefore all the culture of the Mayas, Aztecs, and 
Incas, (dc., was an inbred culture, not depcmdable for its origin on 
outside sources. Hence the abscuice of tlu' ordinary animals and 
plants of Asia, Africa, and Euro])e, and the ])resence of peculiar 
animals and plants. Hence, also, the presence of only stone and 
coppt'i' ages until tiic introduction of iron by the C aucasians, and 
also the possible source of certain i)eculiar diseases, such as yellow 
fever, and perhaps Frambeesia tropica, and, according to some 
authors, syphilis, which, when introduced into Europe, Asia, and 
Africa, produced such ravages. 

Characters. — The characters ot Amerind man are -/r/c/g/;/, above the 
average; colour, coppery or yellowish; hair, long, coarse, and black, on 
section round; skull, mesaticei)halic ; eyes, small, roiind, black, sunken, and 
straight; uose, large, bridged, or aejuiline mesorrhine; cheek-hones . moderalf']\’ 
})rominent; jaws, me.sognathous ; teeth, medium; heard, absent; speech, 
divided into a \ cry large numl)er ot linguistic famiiiis, said to nuinlnr more 
than tliose o1 the rest of Ihe world, but pecidiar lo Amt rn a by being poly- 
synthetic. or holoplirastit- i.e., sentemes madt* Irom siiigle Jong’ worils. The 
most importani oi these Jingiiislic famiJits from a tJ()])i( aJ jioinl oi view are 
the Ut-Azt('can, the j\Ia\'an, ( aril), Arawak, (Juichuan, and Ciuaranian. d lie 
Ut-Aztecan spt'ech is usctl Ity the Shoshoneans, or Snakts. who inelude tla* 
Utahsand Ihe Nahuas, who also include tlu' Aztecs, Avdiilt^ tlie Quitdiucin com- 
jirises the Incas. J\eli^ion, Shamanism .in the nortli, Nahire-worshi]), am! 
polytheism; medicine, very ])rimili\'e, e.specialJv wdien assoeiated with 
Shamanism, but was somewhat more atlvanced aniong tlie Aztecs anti Incas. 
Cinchona, bark was a native Id uador remedv. 

Population. — 1 here art* beliext'd to be somt' lo.oot^jooo Ameriiuls anil 
I pooo, ()()() to 40 ,( )()<),()()(* half- brt'eds, but the numbtrs are by no means ease 
to estimate even approximately. It is (dear, however, that the Amennds art- 
rapid ly dying out in Canada and the Cnited States. 

Migrations.— The brachyce))halie i)eoples whom we have alrtady noticed 
proved superior to the dolit hocephalic ])eo])le from hhirojny and drox e them 
northwards, wIkm'c they becamt‘ T'skimo, and southwards, where they bt canie 
the J ehuelche or Patagonians and the ITiegians. d'he brachvcephalic pt'oples 
then evolved the North American Indians, of wdiom we are onlv concerned 
with the members of the Ut Az.tecan linguistic family, because the Aztecs 
are members of this family in common with the Shoshoneans, and it is prob- 
able that the Nahuan family to which the Aztecs belong migiated south- 
wards from the district of British Columbia. 

Coming to Mexico j)roper, it is found that the archaic peoples — the Popol- 

cans, Mixe, Chinantecs, Zotjiie, Mazatec, Cuicatccs, Chocho, and Magahua 

have all been pressed by the migrations presently to be mentioned into 
secluded valleys, where alone traces of them can be found at the present time. 
The Mexicans proper are the Otomi, who are related to the Magahua. and are 
still to be found in the valley of the tipper Moctezuma and in Guanjuato. 



AMERIND DIVISION 


57 


A northern immigration may have brought the Tarascos of Michoacan into 
Mexico, or they may belong to the primitive Mexicans. In either case, they 
are to be found to-day in Guanjuato; with these may be joined the Ulmecs, 
Xicalancas, Mestecs, and Zapotees among the early tril)es ol Mexico. Of all 
these, the most important would ap])ear to be the Misteca-Zapoteca family, 
because tliey are known to have evolved a degree of < ivilization l^efore the 
days of the Mayas. 'This culture is exemplified by tlie monuments of Mitla 
and of Monte Alban in Oajaca. 

[he Maya people are variously believed to have been immigrants into 
\ iicatan, (rom which they spread into (Ajatemala, Sah ador, and Honduras, 
or to ha\'e been original settlers th -rein. Jk* that as it may, there is no doubt 
tliat they extended into Mexico, both along the coast, where onc‘ of their 
b lies, the Iluantets, were found a! out I'anijiico, and into the plateau. They 
' c rv early j)rodr. cd some degree ot c ivilization, and c onstructed the ccle- 
i>iaL.-d laonc’uents ot (ru.itemala and the pyramid of Cholula in Mexico, on 
the t()]i cjl which was the tem])le ot yuetzatc c>atl. '1‘hey invented picture- 
wiiting and an almanac, they were divided into the Mavas proper of 
Yucatan, the C lioulat s ot .Mexico, the^)uuhes, the I’uiomansof Guatemala, 
the-Chortes, and the lluaniecsol Tamj)icc). 

. ^ Such must Jia\ e been the constitution of the tribes of ^Mexico when tlie 

Nahuans broke* their way in. 'I'his tribe is allied to the Shoshonies, who 
occupy tile wide tract from (Oregon tc.) ( alifornia and New Mexico, and are 
believed to ha\'e come from the* region of Jhitish C'olumbia. 'fhev mo\'ed 
down to the west of the Rocks' Mountains, and spread as tar south as Oajaca 
and eastwards to the Atlantic between T\*ra CTuz and Coatzacoalcos. The 
first wa\'es may has'e been the d'oltecs, but tlu'i'e is great doubt as to who 
these people wvrv. T he Alculhuacjiu s and the 'i'ec]Kinecs followed, while the 
last immigration was that of the jxiwerful Aztecs, who, though probably but 
little civilized when they entered Mexiro, soon became so, and remained the 
11^‘i^‘jfcrs of that part of .\merica until subduc*d by the Caucasic migration. 

Icnumerating, therctore, the* tribes from tlu* north to the south, there would 
be first the Shoshonies in the west and south-west of the I’nited States, 
extending into Mexico; the TTimas of Arizona and the Pueblo-lndians, char- 
acterized by their c uriotis rock striic tur(.s ; then would come the (Ttomi, 
lotonacs, and Za])oleca. with their .\aluian concpierors, especially tlu* Aztt'ca, 
all in Itlexico. in ('eiitral America the .Maya people would be found in 
^Ticalan, Guatemala, and Honduras, along with the Xicaks of Northern 
Honduras, the Lenkas and Guatusos of Central Honduras. Farther south 
would be tlu* (Tioulats ol Nicaragua, the Soiimoo, the Micos of the Mosquito 
Reservation, the Moscos of the Illewtields Lagoon, and the Rinos of an island 
therein. 

Passing into South .\mcrica, there is the great linguistic family of the 
Chibcha ot Colombia, whose i*mpirc* extc'iuled southwards until it met that 
oi the Incas. fhese jieoples, as wt'll as the iiuas, are .\ndeans — that is to 
say, are }ieoples belonging to the highlands of tlu* Amies. It is curious that 
all the South Amerind civilizations should have developed in these highlands, 
but it is probabU* that the lakes and rapid streams were suitable for the 
ext(*nsion of agriculture, and thus led to the settlement of peoples, for with- 
out a pcrmam’iit abode any great tlegree of civilization is im]x)ssiblc. The 
Chibchas, akso called ‘ Muyscans,’ influenced the whole Panama region as 
far north as the northern boundarv of Costa Rica. 

South ol the Chibchas comes tlu* ancient empirt* of tlu* Incas, extending 
from Quito as far .south as the Rio Maide in Chili. It would appear from the 
megalithic remains and the ruins of 'fiahuanacu that there was an early 
civilization in this region, especially about Lake Titicaca. \\ho these people 
were we do not know, but they must liave been conquered bv the Qiiichuas 
or Aymaras, who are allied to tliem, as both speak derix atiA es of the Quic huan 
language. 

At the same time there existed near Truxillo the Chimu people, speaking 
Mochica, a language quite different from Quichuan. They reached to a 
degree of civilization, but both they and the Quichiians Avere conquered by 
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the Incas. To-day the descendants of the Chimu are called the -Yuncas,’ 
and live along the coast from 5 degrees to 10 degrees south latitude. In the 
provinces of Catamarca, Tucuman, and Salta of the Argentine lived a civilized 
race, now extinct, called the ‘ Calchaqui,’ who were also subdued by the Incas. 

The Incas are possibly the descendants of the unknown peoples of the early 
civilizations who, defeated by the Quichuan peoples, fled into the Apurimac 
region, whence they sul)sequently issued forth to subdue their ancient con- 
querors. Their rule was very despotic, and their subject peoples were very 
carefully divided into tens, fifties, five hundreds, and ten thousands, the 
last being under a chief taldng orders direct from the Inca. Their system 
was very artificial, and absolutely without any freedom lor the individual, 
and hence the easy Spanish conquest. They possessed no written language, 
everything being preserved l)y oral information handed down from genera- 
tion to generation. 

Except in the Andes, there are no civilizations in South America, and the 
peoples whom we now come to consider were all backward in their culture 
evolution at the time of the advent of the Spaniards. They aic the members 
of the linguistic families calknl ‘ Arawak,' ‘ Tapuya,’ ‘ 'lupi,' and ‘ Carib,' 
in the regions Iving east of the ConUlleras as far south as the Kio de la Plata, 
while farther south livctl the Pampeans and I'uegians, with whom wc are not 
concerned . 

'I'he Arawak would appear to l)c the original inhabitants of the low-lying 
lands to tlie east of the Cordilleras, and it is j)o.ssible that they originally 
spread to the north-east, the east, and tlie south-east from a prime\'al home 
on the eastern slopes of the i5olivian Cordilleras; l)ut tlicir most important 
migration a])]')ears to have been tliat to the north-east, where they populated 
the', until then, vacant valleys of the Orinoco and Amazon, especially along 
the north bank and up the Xingu Ki\’cr. In the cast of Brazil, from the 
Xingu River to the coast, lived the 'I'apuya, who were probably the aborigines 
of these regions. They in( hide the Ch s and Jfotocudos of to-dav, of which 
the latter are degradc'd savages. 

The Caribs. according to Van der Stein, took their origin about the sources 
of the Xingu and Paraiiatiga Rivers, where the Caribbean tribes called 
‘ Jfakairi ’ anti ‘ Nahutpia ' live. hTom this source they tra\’elled, probably 
by water, along tlic Amazon, meeting with the Arawak, till they reached its 
mouth, when tliey turned northwards, probaldy because tliey met the Tupi 
jieople coming from the south, and spread through Guiana to Venezuela, 
where their progress was checked by the civilized Chibchas, though some of 
them enteretl the valley of the Magdalena River. Prom the north of South 
America they proceeded to the Antilles, into which they were still migrating 
when stopped by the arrival of the Spaniards. 

I'hc Tupi ]ieople had their primitive home, according to H addon, in the 
northern portion of the basin of the Rio tie la Plata, down which they spread 
to the mouth, and then, migrating northwards along the coast, reached the 
mouth of the Amazon, meeting there the Arawak and possibly the Carib 
peoples, and, travelling westwards along the southern bank of the Amazon, 
reached the Xingu River, up which they went, founding the Kamayura and 
Ancta tribes in its iqipcr basin. Thev went still farther westwards, forming 
the more civilized Omagua between the Putumayo and Caqueta Rivers, and 
the Cocama peoples at tlie junction of the Amazon with the Ucayali River. 

Ill Uruguay and Paraguay the Tupi peoples are called ' Guarani,' or 
‘ Warriors,* and hence the whole family is called the ‘ Tupi-Guaranian 
family.’ 

Into the races mentioned above ]ienetrated the great Caucasic migration, 
headed by Columbus, in the fifteenth century of our era. which, though 
stopping the autochtlionons evolution of civilization in America, introduced 
the more highly evolved ciilture of the Old World at the cost of millions of 
lives of the Amerindians. 

'the Latin races of this migration hcive fused with the aborigines to a great 
extent, and thus have laid the foundations of the new Latin-Amerindian races 
which are arising to-day. 
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Jhe Anglo-Saxon in North America did not fuse with the Amerind, who 

to-(iay is rapidly approaching extinction. ■ i ^ i 

The negro migration was comimlsory, as the negroes were introdueed as 
slaves, but it suited the race, which is rapidly inen-asing in numbers. he 
Mongolic migration is at present A'cry small, and of quite rec ('ut date. 

Classification. — The Amerinds may be classified for our puri)oses 
into those belonging to the Northern Section, to the ( eiitral Section, 
and to the Soutlicrn wSection of America, but only the two last lU'ed 
concern ns Jiere. 

The Central vScction is fornn^d from ]\r(‘xico and ( eiitnil a 

as far south as the northern boundary of ( osta ]vi('a. It contains 
the Opata-Pima linguistic famil\', compost'd of the Ihnias and 
Papajos of the (lila \"alley, wIk'H' tlie C/ila Monster [H clodcrma 
siispectnni Copt' i8()t)) Hvt's. tlit' ( a])itas, ( oras. ^ iimas, aiul 
humt'ras, ilioiigli these last arc' mixt'tl with Cancasie Idood. 1 la 
Nalina tir A/lecs conu' ik'xI, anti incliitli' tlu* A/tc'Cs projx'r, the 
Pipils of (inatt'inala, tlu' Niqnirans. and tiie ('liicliinu-c's. 

The Huaxtecau group, often called the' ^Taya-Onicle group, in- 
cludes tlie Huaxtecs of Tamanlifas anti W'ra Cruz, llu' Mavas of 
Yucatan, tlie (dionlats of Mc'xit'o. tlu' ]\loj)ans of Nortlu'rn (oiate- 
mala, the QiiiclK' fartJier sontli in (iuateniala. tlu* Poconians around 
the city of Guatcanala. Jdu' Mayas ])ro])('r an* dix'itlt'd into the 
Itzas and the Lacandtuis. Tlu' diortt'gans inclnth' tlie ( litadi 
li^hng aroniid tlu' ruiiu'd eitv of Copaii as wc'll as tin' J>ri])ri and 
t)thers. 

In the Soiitiicrn Section an' the natiom wliitT we have suffi- 
ciently dt'scribt'cl abtne — \'iz., tlu' ( liibclias, f.)iii('hna.s, ('himus. 
Calchecae]ihs, and Incas, all of whom wi'n* ca\-iliz('tl. and the 
Arawak, Tapnya, ('aril), aiitl Tii])! peoj)l('s, who wt'O' far more 
primitive and savage, as wc'll as tlu' lbm])('aiis and ITiegiaiis, wliieT 
are not tropical races. 
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CHAPTER III 


TROPICAL CLIMATOLOGY 

Preliminary remarks Climate -- Tropical climates — Temperature and 

humidity - Pressine — Winds — Electrical conditions — Sun’s rays— 

Moon ’s rays — Acclimatization — Reterences. 

PRELIMINARY REMARKS. 

We have delineated the tropics by Supan’s lines, as this appears 
to us to be the most suitable method of bounding warm climates, 
and we have noted the characters of the races of mankind which 
occupy the lands so defined. These, we may incidentally mention, 
amount to a little less than one-half of the surface of the earth, 
and now we must consider what is meant by the terms ‘ climate ’ 
and ‘ tropical climates,' and then turn our attention to the effects 
of these climates on mankind. 

CLIMATE. 

Climate may be defined as the combined effects of the sun, the 
atmosphere, and the earth upon living objects at any one place 
on the earth’s surface. The factors which produce a climate are 
therefore threefold — viz., the sun. the atmosphere, and the earth; 
and the living object with which we are concerned being man, wo 
must study the effects of these factors upon him, but we restrict our 
attention to mankind as seen on that portion of the earth s surface 
called the tropics. 

TROPICAL CLIMATES. 

In the previous chapter we have noted Supan’s simple division 
of warm climates by isotherms, but there is a better subdivision 
given by Ward, and based upon wind systems and their control 
over rainfall (vide Fig. 7). 

Around the Equator lies the region of equatorial calms, called 
the doldrums (Fig, 7), while north and south of this region are the 
trade winds (Fig. 6). These zones of calms and winds are not 
stationary; on the contrary, they move so as to reach a maximum 
extension northwards of some five to eight degrees of latitude in 
July and a maximum extension southwards of some three to four 
degrees in January. 

These movements are dependent upon the changes in the inclina- 
tion of the axis of the earth towards the sun, but are not coincident 
with these changes. 
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A locality may therefore lie entirely in the equatorial belt, or it 
may lie entirely in the trade-wind belts, or it may be polewards of 
these belts; but with the movement of the system polewards, as 
indicated alDOve, some of the places in a trade-wind belt must come 
into the equatorial belt, while others usually situate polewards 
to the trades must be included in these belts. 

Were the tropics flat this classification would suffice, but there 
are high mountain ranges in tropical lands, and therefore it is neces- 
sary to make a division to include these, because it is possible in 
the high lands of the tropics to pass through every degree of tem- 
perature, if you ascend high enough, as if you proceeded from the 
Equator to the Poles. 

'fhere are therefore four divisions of warm climates- viz. : 

I. The Equatorial Belt. 

II. The Trade-Wind Belts. 

III. The Monsoon Belts. 

IV. Mountain Climates. 

I. The Equatorial Belt.-— Localities situate within a few degrees 
of the Plquator are always more or less subject to rain and cloud, 
because the heated air is full of aqueous vapour brought by the 
trade winds from the sea; and as aqueous vapour is lighter than 
air in the ratio of 0 623 to i*o. it can rise to high and cold altitudes, 
and there be condensed into small droplets of water forming cloud 
or larger droplets forming rain. 

As the capacity of air to hold water is doubled for every 27'’ F. 
increase in temperature, and as in air saturated at 85° F. and then 
cooled to 60° F. every cubic foot yields 7 grains of water, the exces- 
sive violence of these equatorial and tropical rains is easily under- 
stood. 

This belt is subject to alternate seasons of wind and calm — e.g., 
in January it will be subject to the north-east trades, followed by a 
period of calm; and in July to the south-east trades, succi'eded by 
another period of calm. There are, therefore, two maximal and 
two minimal temperatures after the two zenithal and solstitial 
positions of the sun, and two short wet seasons and two short dry 
seasons. 

Such places are Southern India, Ceylon and Java in Asia, Columbia 
in South America, and in Africa parts of the Valley of the Nile, 
and the (lold Coast. 

With the inclination of the North Pole towards the sun, which 
begins on March 21 and ceases on September 22, the shifting of 
calms and trades northwards begins some time alter the first date 
^nd lags behind the last date, and during this period a locality mav 
be in the equatorial belt for six months in the year and haVe six 
months’ drought and six months’ rain. Such places are Bengal, 
portions of the Nile Valley, Northern Australia, and Central America. 
The Sudan receives its rains when the equatorial belt is passing 
northwards — i.e,, from May to August— and its vegetation grows 
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rapidly, but when it is in the trade-wind belt, from November or 
December to March or later, the climate is dry. 

It is the northern migration of the Equatorial Belt which brings 
the heavy rains to the Uplands of Abyssinia, and causes the rise 
of the Blue Nile and the Atbara, which produce the rise of the Nile. 

The same features are to be noted in the movement southwards; 
thus rain comes on the pampas of Brazil in the months from October 
to April, wliile the dry season lasts for the rest of the year. 

Some few jdaces- c.g., Wady Haifa — show only one maximum 
and one minimum temperature- cc., the so-called tropical type 
of temperatiini variation. 

II. Trade-wind Belts. The lands which lie just outside the polar 
]K)undaries of the (‘ciuatorial or rain belt are situate some 20° to 
35° ••lorlli or south latitude, and are among the driest in the world, 
except in brdia, where the south-west monsoon brings a little rain 
into the dry ]*egions of th(‘ runjab and Sind. 

Thv ua)i'sl places are th(‘ dry zones of California and other parts 
of North America. llu‘ Sahara and Nubian Deserts, i)arts of Arabia 
and Persia, Argentina, Irastcaai Patagonia, South-West Africa, and 
the interior of Australia. The only rain these regions are likely to 
get will come from the extension t'quatorially of the polar winds. 

We may. therefore, summarize the character of the trade-wind 
belts as very regular annual and diurnal ranges of temperature, 
with a comi)iet(‘ abstaict; of rain or with slight showers at infrequent 
intervals. The range of temperature in the desert is often very 
great; thus during ihv day the temperature may be very high, with 
dry winds carrying dust and sand, and the nights, with the clear 
sky fre^e from cloud allowing acthe radiation, may be cool if not 
cold, or even at times very cold. 

III. Monsoon Belts.^ — The word ‘ monsoon ' is believed to be 
derived from the Arabic word Memsin, meaning ‘ a season.’ 

The monsoons (hhg. (>) are classiliablc into thre^e groups: — 

1. North-East and South-West Monsoons. 

2. North-West and .South-East Monsoons. 

3. West Monsoon. 

i. North-East and South-West Monsoons. — These are typically met wilii 
in the Indian Oceaji and its coa.sl.s. 

Dox’e's explanation of llie.-e nion.soons is generally accepted — viz., that, 
owing to licating of tlie great plains of Asia, where the air ascends in the 
months of May, June, July, ami August, thc^ .south-east trade-wind, which is 
blowing sou til of the Equator, is drawn northwards, at the same time being 
deflected to the west, thus forming the .south-west monsoon. Conversely, 
when the plains c'ool in November, 1 )eeemf)er, January, l^'ebruary, and Mareh, 
there is a breeze from the north-east towards the Ecjiiator, which, though called 
the north-east monsoon, is really a trade-wind. 

Tiic interval between the two monsoons is characterized by changeable 
winds, which blow alternately in opposite directions— north-east and south- 
west. 

The south-west monsoon is laden with moisture, and on it Southern India 
largely depends ior rain, and a failure will mean a famine, because a large 
portion of the population is agricultural, for the natives depend for food upon 
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tlicir own ciiltivalioii; and so densely are they ])laeed llial a ladme o }> 
their own crops residls in a most severe famine, wliieli can only be copC( v 
by the most (‘nergetie ac tion ol tlie (xo\'ernment. i n 

2 . North-West and South-East Monsoons, -'rinse are to b(‘ found jn tjie 
Southern tlemispliere, and are depicted in big. 6 in tin region of Austiana.. 

3. West Monsoon. Dove described as the west monsoon of the line a 
wind which blows in a south-westerly dirc'ction along the coast oi Afiica 
from ('aj)e Verde down to W alfisch Day. 1 lu'se winds, however, are x’aiiable, 
and in tlu' Dull ol Diiirn a art' interrupted \'ery olten by calms. 

Some ■|)t'o])l(' dcsciihe the wintls along the easttan and westein coasts ol 
South Aniei ic a as inoiisoons, l)ul they hardly come under this term. 

]n typical monsoon regions tlu" rains lollow tht' \'t'i’tical sun, and the type 
of tempc'raliire is the sonalled tro])ical ty])t', with om- maximum and one 
minimum. 

tt must be admitted that this simiih' i lassitu ation . lilte all classiiications, 
fails to exjilain c^ ci \ t lung, and IIk'K' art' numerous exc('])tJons sliowing ttim- 
hinations ol ('cjini torial, t radt'-winti, and monsoon tyjx'S. 

IV. Mountain Climates.— We have already pointed tint the effect 
of altitude in lowering^ th(‘ temperature, and, indeed, Herschel, 
many yc'ars ago, showed that for (‘very 300 feet of increase in 
altitud(‘ then' wtis ti (U'eiX'ast' of i" Iv in tempc'raturc', and for every 
tSo nK'trc'S a, dt'crt'asi' of P C. 'fhesc statements are only partially 
corn'ct, for the tempc-rattirt' at a. giw'it altitude depends upon tlie 
(e\])ansion and hnmiditv of tlit' <air, tlh' ek'arness of tlu' atmosplierc', 
togi'tlu'i' with tlu' (jiuintity of (‘artli at the given locality, and tlu' 
naturt' of the wind Idowing at tin* time of tJie ob.servations. Perliaps 
of all tlic'se the most im])ortant is tlu' (‘Xjiansion of tlu' air, for, as is 
wc'll known, it ('Xjiands wIk'II h(‘at('d— - /.d., tlie (‘iK'i’gy reprc'Si'iih'd 
by lieat is conx c'rb'd into motion, ajid lienee the temperature falls, 
'iiiis will ill jiart lie eonntcracted by the heat ]U'odnced by the 
condensation of a({iU‘ons \’a])our, e\’(‘n at liigJi aititiidc'S, and iii)on 
this condensation and cloud-formation will (h'lX'ud how miicli 
of tlie lu'at, radiating from tlu' earth into the air, is retained, d lie 
lessenc'd ajiioiint of earth in liigh altitudes is also a factor, as tlu re 
is l(‘ss ('arth to retain lic'at, and lu'iice less heat is given off into the 
air. it is obvdous that movcuiu'nts of the air — the winds- must 
have a great (‘fleet. d(‘i)(‘iiding upon their origin from warm or cold 
sources, lleiiev', tiiough in general the rule mc'UtioiU'd above as to 
a relationshi]) Ix'tweeii ti'inperature and altitude bolds good, it is 
onl}^ approximate, as the connection brtweeii the two is com])lex, 
not sim})](\ 

In tlu' tro])ics, tlu'refore, tlie low country possi'sses tlu' tine 
tropical climate, while tlu' climatological conditions of the hilts are 
quite diiierent. inch'ed. as \\hird has said, the climate's of many 
tropical plateaus and moimlains liave the reputation of having a 
Iierju'tual siiriiig, but tliongh that may he so at certain latitudes, 
if ('onsiderabk' ('k'vations aiv reached a })t‘. ])etiial winter exists, 
with snow all the year round, even on the E([nator. 

Tlu' givat blessing of these' e'kwations in the tropics is that they 
provide cool hill stations to wliich the resident of the plains may 
resort during the hottest months, and in which sanatoria may be built 
for the treatment of persons convalescent from lowland complaints. 
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This brief sketch of tropical climates must suffice for our present 
purpose, and we now turn to consider the various climatic factors 
and their effects upon man; but the reader interested in this subject 
may find it useful to consult Chapter IL, pp. 28 to 58, in our 
second edition, in which more details will be found. 

TEMPERATURE AND HUMIDITY. 

Heat derived from the sun is capable of traversing the atmosphere 
surrounding the world, and thus reaching the earth, because this 
atmosphere is diathermanous to rays with short wave-lengths coming 
rorn so hot a oody as the sun. Dry air is diathermanous for all 
rays, but aqueous vapour is almost athermanous for infra-red rays, 
though largety diathermanous for otluT rays. 

In passing through the atmosphere, about 25 per cent, of the 
heat which has entered it is absorbed before it reaches sea-level. 

The position of the sun is, however, of the utmost importance 
with regard to the quantity of heat reaching the earth. If the sun 
is quite vertical, probably only 20 per cent, is lost; whereas, if 
the beam is nearly liorizontal, probably none reaches tlu^ earth. 

Th(‘ heat rays falling u])on the earth are absorbed and camverted 
into dark heat - that is to say, into frequencies with longer wave- 
k'ligths — and these are radiated back into the atmosphere (terrestrial 
radiation). This dark lu'at is absoii)ed by the atmosphere, which 
is, as already stated, almost athermanous to this kind of energy. 
This atmospht'ric ht'at is one of the most imi)ortant factors in 
determining the nature of a climatic and shows daily and annual 
periodic \'ariations, of which the iirst is due to the sun’s rays heating 
the earth, and therefore this disappears at sea or during an arctic 
winter, while the second depends largely upon the inclination of the 
world’s axis as it passes round the sun in its yearly orbit. As the 
sun is vertical in the sky at noon twice a year in the tropics, there 
is or ought to be a wet season at these times, and in their intervals 
a dry hot season. 

It is impossible, however, to consider the effects of temperature 
upon man without at the same time taking into account the humidity 
of the atmosphere. 

Man can bear very high temperatures easily, provided the air is 
dry, but not if there is mucli moisture or humidity in it. The 
humidity of the atmosphere is, in fact, of tlie utmost importance 
in the study of climatic effects upon man. This humidity is due 
to aqueous vapour, caused by the constant evaporation which 
takes place from the surface of all collections of water. 

The humidity of the atmosphere presents three problems: 
atmometry, or the measurement of the quantity of water being 
taken into the air; hygrometry, or the determination of the quantity 
of aqueous vapour j)resent in the air at any given time; and hyeto- 
metry, or the quantity of water being condensed from the 
atmosphere. 
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Evaporation takes place most quickly in hot dry air, and causes 
a considerable amount of heat to be rendered latent. This fact 
can be made use of in hot climates, where it is a common practice 
to wrap flannel or felt round a bottle of water, and after damping 
the flannel, to hang the bottle in the breeze, so that the contents 
may become cooled by the evaporation of the water from the flannel. 
The same principle appliciS to the porous stone or earthenware 
basins which are commonly used in Ceylon, l^ganda, Egypt, and 
other parts of the tropics to Alter and cool water. Hence, also, 
the value of collections of water in keeping the temperature of 
places equable. 

The amount of atjueous A'apour in the atmosplu're is generally 
spoken of as tlie humidity. Two kinds of humidity are recognized: 
absolute humidity, which is the wc'ight of aqucnuis vapour actually 
present in a definite volume of air at a. given temperature; and 
relative Immidity, which is the ratio of tlu* weight of water actually 
present in a known volume of air to the weight of water which is 
required to saturate the same ^'olume of air at the given tempera- 
ture, and is generally exiircissed as a percentage. 

We have already stated that the humidity of tlu^ air is of the 
greatest importance in considering the effects of a tropical climate 
on man. The most trying climat(‘ would be om^ wdth a high air 
temperature and a high relative humidity, for it is obvious that when 
the air is full of aqueous vapour, evaporation from the surface of the 
human body must lie considerably diminished; and as this is one 
of the methods of regulating the liodily tiniperature, it is apt to 
rise and caust^ great discomfort, as will be described later. 

A warm i)lac(^ with a, high humidity is h'ss bearable than a, much 
hotter but dri(‘r place. A fairly high relative liumidity cmu, how'- 
evc'r, bc' borne if there is a breezi;, without which a much ]ow<'r 
humidity is most unbearable. In fact, (dies ]x>ints out th d 
Abuslu'r, in tlu^ IT'rsian (hilf, in August, with a mean maximiun 
temperature of ()()*5‘’ E. (y,5-/’ and a relative hiimiditv td (>5 
per cent., vdth no rainfall during the month, and little or no' breeze, 
constidites one of the most unbearable climates in the world, 
though neither the tem]HTature nor the humidity l>y themstdve:> 
are high. 

When the aijueous ^'apolll in tiu' atm<*sphere condenses, the msult 
jiiay be dew, fog, mist, cloud, rain, hail, or snow, of which tin* two 
last are rare in the tro])ics. (bonds in the sky prevent to a great 
extent the lieating of the earth during the day, and at the same 
time they prevent radiation of heat from the earth during the night ^ 
and even reflect this back to it. Hence cloudy nights may bc verv 
hot in the tropics. ‘ ^ 

Effects. 

We must now consider briefly the effects of high air temperatures 
with and without high atmospheric humidity upon man, and we 
will commence with a consideration of its effects upon the bodily 
temperature. ^ 
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Normal Temperature. — ^The normal temperature of man is the 
resultant between the heat produced by the oxidation of foodstuffs 
in the muscles, glands, and other organs and tissues of the body, 
and the heat lost by warming the urine, faeces, and expired air, by 
evaporation from the lungs and skin, and by radiation and con- 
duction from the skin. In other words, the temperature of 
the body is controlled both by chemical and by physical heat 
regulation. 

r. Chemical Heat Regulation. — '.5y this is meant regulation of the bodily 
t .•Mj)eratiire by increased or diminished })ro(liiction of heal, which can be 
b (Migld about b} alterations in metabolism. Oiminished heat production 
is, however, lare, living usually pathological, though it is possible that it 
occurs more frequently in the Tropics than in the T('mperate Zone, owing to 
the lessened disposition for musdilar or mental work. 

2. Physical Heat Regulation. - d'he body h niperalure is usually regulated 
by increasing or diminishing the loss caused by radiation, convection, and 
e\ai])oradion. According to Mill, a man weighing 70 kilogrammes loses 77* 1 
])er cent, of his heat by radiation and ( onvc'ction and 22*9 per cent, by t'vapora- 
tion. 'I'lhs regulation is brought about by th(' dilatation of the cutaneous 
vessels bringing more' blood to the skin and by tlu^ increased perspiration. 
The loss of heat caused by radiation and convection dc2:)ends upon — 

1. Temperature and conductivity of the skin. 

2. 'remperature and radiation from the skin. 

y Tem[)erature of the air. 

.j. Rate of motion of the air. 

Clothing may, howeveng affect the loss of heat from the skin, for, as a rule, 
it is composed of substances which are bad conductors of heat, and hence 
the loss may, according to Rubner, be diminished no less than 47 per cent. 
Wet clothing, on the other hand, is a good conductor, because of the water 
in its interstices, and hence the danger of chills while wearing damp clothes. 
This latter fact is well known to the old resident of the tropics, who has 
generally learnt its danger by i^crsonal experience. 

Radiation takes place best when the air is still, dry, and cold, conduction 
wlicii it is damp. Convection is only of importance when the air is in motion, 
in which case the loss of heat is i^roportionate tc> the square root of the velocity, 
and is more marked when atmospheric humidity is high. 

With regard to evaporation, Rubner has shown that it is best at medium, 
greater at low, and still greater at high temperatures, as is shown by the 
following table taken from his book ot an observation on a man of 58 kilo- 
grammes weight lighth' clad: — 


Air Temper at lire. 


2'^ C. 

TO“ to 15'' C. 
15^" to 20° C. 
20° to 25° C. 
25° to 30° C. 
30° to 35° C. 
35° to 40° C. 


('iva^ mes of OH., 
per Hour. 


37 

28 

19 

23 

43 

84 

112 


Grammes of CO., lost 
per Hour. 


29*8 

25-1 

24-1 

25*0 

25*3 

23*7 

21*2 
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This evaporation is very markedly diminished by humidity, as is shown 
in the following table : — 


Temperature in 

5 io tS per Cent. 

81 to 89 per Cent 

Centigrade . 

Humidity. 

Hwnidity. 

igyo" 

g()-g 

1 9-0 

20V4^ 

.Tpi 


25 -" 

73*5 

23-9 

2S-(>° 

. 1 05*0 

; 


il is also (liiiiinislu‘(l by a motlcralt'ly stronj; wind, l)ul is iiicroascal by the 
sun’s rays and l)v work in a hot cliiuaU*. 

To doifnuiiu' a( ( iiraldy the Uunju'raturc of a man in llu' tropics is not llu‘ 
easy mailer whicli mosl ]H‘()]>U' consider il lo be, and llie jninciples aj^plying 
thereto shoidd be uiidcM'slood evcai by^ Ihose nof likely to hr drccivcd by an enr 
tcmpcratuio so high thai a maxiniuni thrnnonuiry rises enid keeps above normal 
ivithout any reference to the patient, a fad wliicli we liave seen lead lo curious 
mistakes. Under such condilions, tlie iJiermometer musl be kept and 
examined in cold waler. 

The tempera lure of man, beiny llie resultant bt'tween the heat jiroduced 
and lh(' heat lost, must \'ary considerably under many circumstances, and 
Ihert' is no doulit that il varies in diffeuaml indi\ idua Is. 

In investigating the tem]>eialure o1 the body, one ought lo seek that which 
mosl m^arly represents the lenpierature of llu* blood. Jor though the ditferent 
organs of the body manufacture* or leise* heat in elitferent projiortions, the circu- 
lation e)f the bleiod te-nels le) bring abeiul a mean inteumal tem]H'ralnre for the* 
whole be)d \'. 

'The possible nu thoeis eif inve'stigal ing the* temperature e>f the* boeh' are* by 
])laeing the* llu rnuiuieler- 

1 . In the axilla, 

2. In the* moil 1 h, 
g. Ini he* ree Inin, 

to which might lie* adde*d j)lac'ing the* Uierme)mt*ler in the s1re*am of issuing 
urine*: but this method is emlx’ ope'U to limiteel application, and 1he*re ma\- be* 
e.einsiderable loss from ex apeira lion anel radiation, anel, Iherefejre, iliough it is 
an excc'lU*!)! method when use*d with care*, will not be further ronsieh*red . 

11 the tliermomeU'i' is place*el in a dry, well-closed axilla, and keqh there 
hmg enough, the* result will be not unlike that in the month; but if it is thought 
that any resemblance to the* inte'rnal te*m])erature' of the boeiy^ is to be obtained 
by placing a therme)me*ter in a ])e'rspiring axilla for half te) enie minute, then 
the greatest mistakes as to the real tempauatiire of the ])atie*nt are ])ossible. 
In our experience* it has neit been unusual in the tropics io hnel sex eral degrees 
of difference between the axilla anel the mouth. 

As a rule, it may be stateel that the axilla is neit a geioel ])lace' in whi( h to 
take thermeimetric observations which are meant to indicate* tlu* true ti*m})e*ra- 
ture of the boely. 

With regarel tei the mouth te-mperature there has be-e'U a great deal of elis- 
cussion, but the meist careful e)bse*r\'ations are those of IVmbre y* anel Niceil, 
who hav^e shown that the mouth temperature is apt to vary ce)nsiele*rablyg 
and that it is not a reliable ineli( at ir (d the inte'rnal tenpierature* of the boelv 
in colei weather or after exercise. 1 lalelane, in his valuable experiments to be 
(pioteel ])resently, hnels that it varies greatly with the indivielual. 

In warm and moist air, howcve*r, the mouth temperature apjiroaches the 
rec ta 1 temperature. 

The reason why the mouth temperature is apt to be lower than the rectal 
and the real temperature of the body is apparently the cooling owing to the 
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proximity of tJie skin, n.nd possibly of the nasal cavity, and therefore in warm 
air this difference frecpHmtly does not exist. In India Crombie found in 
fifteen carefully taken observations that the mouth temperature was 0*22'^ F. 
lielow that of the rectum, wheri^as Ikmilrrey found it as much as 4*5° F.- 
i.L\, 2*5''’ C. — below that of the rectum in cold weather in Jcngland. It is 
possilde, therefore, that it is a better site for thermometric observations in the 
tro])ics tluin in Furo])e. 

ivectal tempi'ratuic's umh'r ordinary conditions give the highest readings 
and are tlie truest indicators of the infernal temperature of the body; but this 
is not a method open to clinical ust‘, except in children and in states of coma. 

'fhe conclusion is that if care be taken that neither hot nor cold articles 
have beim recently jiUiced in th(“ mouth, and ]nu'ticularly if the mouth has been 
k('pl ( lost'd for a. short lime, llu' ti nperature from the therinometi'r ])laced 
ui'Jer tin' tongue hs, without doulit, the most accurate for ordinary clinical 
w )i k in the t’:'^])ics, for in that position the tln-rmometi'r is as com])letc]y 
as ]iossi])le ])rottcled from the inlluence of tin' nose and the skin. 

A thermometer, liovve\('r (jui('kly it reacts to its surroundings, must be left 
a reasonable time in tlie mouth, b\' which is iiK'ant two or three minutes, so 
that tlie tcmpc'rature of the closed mouth may approach that of thc> rest of 
the body. Cnnnbie gives the time lor tlie accurate recording of the tempera- 
ture in India as : — 

'fen minutes in the well-closed and dry axilla, 

Figlit minutes in the montli. 

Tliiee to four minntes in the rectum. 

I'he mean daily teiipx'rature of man for the hours S a.m, to 12 midnight in 
llie 'I'cmperate Zoin' is as follows 

98-45'’ h'. (y)-c)o"' C.) in the axilla. 

98*50^ id (y>-87 t'.) in tin' mouth. 

(>S-()0® 1'. (57-20"’ C.) in th(' rectum. 

ddn* so-called normal teinjierature of man iu llu' mouth may be plai'ed at 
98-50" F\ (5()-i)()" C.) or ()8-(>'' IF {57'’ ('.), and was determined as the mean 
ti'iiiperatiire Irom 8 a.m. to 12 midnight liy John Davy in 1857, and by some 
mistalce it has lu'i'ii int('r]n't‘U'd into tin' mean tenpiera tnre for tin' twenty- 
four hours, which is different, Ix'ing proV)abi\' lower. 

Cromliie gives tlu' following as the means of the obsercations of Ogle, 
Allbult, ('as( y, and Kattrax". — 


Mean Moyniui; 

Mcidi a J teniooii 

Ylean Twenty- fou)- 

M axi ininn Daily 

Tcni I>craturc . 

'L'ein (a'yaiiivc . 

fjonys' I'etn [wi ((tuye . 

Jvanye. 

07 - 7 <) 5 '’ IF 

08-551" IF 

08-0S5 IF 

I- 51'’ FF 


Dill at jiresi'ut tliere ari' insntheient data upon which to base a definite 
i onclusion as to tlie mean tenpierature of human beings for the wdiole twenty- 
lotir hours. 

the average temperature in the mouth c'aries from beteveen q(Y and 97"" F. 
to :i little under 99 ' lb, and tin' rectal temperature from 97*2° Fb (3()-28° C.) 
lielween 2 to 3 a.m. to 99*4° ^b (57*53"' C.) between 5 to 7 p.m. 

I’cmbrcy gives the mean daily temperature as being ()8-()° V. (57" tlie 
n iximum ch)' 3"’ lb (57*3 C.), and the minimum i)()-8^ IF yp) ’ CF) 

Effect on Temperature.— Having now delined what we moan by a 
normal temperature in man, it is necc'ssary to inquire into tlie effects 
of high atmospheric teiiiperatures and va.r3dng humidit}^ ujion man. 

! he ex[)eniin.iits of l.iuing (1758), I'llis (i 738), Dlagdeu and J'ordyce (i775)» 
established tlie fact tliat a. uonnal man, snitablv clothed, can reguh'Ue his 
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temperature so that with high air temperatures it still remains within the 
normal limits, if the atmospheric humidity is low, and these experiments nave 

been well borne out by life in the tropics. ^ -u. 

It is, however, quite otherwise w'hen the atmospheric humidity is 
as far back as 1775 Blagden and Fordyce noted that in a damp room with a 
temperature of 123*9° F. (54*4° C-) their bodily temperature rose to 
(37*8° C.). Haldane observed that there was no abnormal^rise of the bocliiy 
temperature until the wet bulb thermometer indicated 88 F. CV.pJ' 
vided that the experimenters were stripped to the waist or clad m light • 

If, however, the wet bulb exceeded this temperature by even one degree, then 
the bodily temperature rose hour by houi in proportion to the rise of the wet 
bulb thermometer above' J'., but tlie bodily temperature increased more 
rapidly when higli wtd Indb { eiiiperaturcs were reached than when they were 
relatively low. With the abnormal rise of bodily temperature was associated 
increase of the pulse-rat by about twenty boats per minute foi each degree 
Fahrenheit and tliiiiy-six Jor (\'ich degree Centigrade, All these bodily 
temperatures w(U'e taken in the rectum and with the patient standing. When 
this rectal t(uu])erature laxu lu'd 102° F. hyperpnoca was observed, while other 
s^unptoins associated with the rise of the bodily temperature were profuse 
sweating and a general feeling of exhaustion and discomfort. 


It was observations like tlios(‘ that causi'd Tyler to attempt to 
correlate persona.! sensations with meteorological data, and to 
formulate his ' hyther ' degrees, by which he meant the degree 
of discomfort caused by Itigh air temperatures associated with high 
relative humidity. 

Haldane's experiments have often been repeated by ourselves 
on normal people by placing them alongside the condensers in the 
engine-room of steamers in the Red-vSea during very hot months. 
Near the condensers one can usually find a corner where there is no 
obvious movement of the air, which is nearly saturated with aqueous 
vapour, and whiTc^ there is a high atmospheric temperature. Placed 
in such a corner and cla.d only in loose pyjamas, the skin of the body 
flushes and burns, the perspiration rolls downv^ards in streams, 
and the t('iTiperature after a short pause commences to rise and goes 
on rising until the experiment is broken off, usually about 103° F. 

This is not a pathological rise, though associated with throbbing 
vessels, etc., but is simply due to atmospheric conditions acting 
upon a normal man, ancl all symptom- disappear rapidly after 
removal to cooltT air. 

If such a climate existed no human being could live therein, 
but no such place is known, and although conditions of high atmo- 
spheric temperatures may produce fever, yet these are pathological 
and not physiological, and depend upon factors which will be dis- 
cussed later. 

From the time of Da,\ y in 1839, observations ha\^e been made 
into the temperature of lu^dthy men during the passage from the 
temperate to the tropical zone, during their residence in the tropics, 
and during the passage from the warm to temperate climates. 
In previous editions of this work we gave the known data, and any- 
one who cares to look at the pages from 91 to 97 in the second 
edition of this book will observe how confusing and contradictory 
are the results, while they will be struck with the relative paucity 
of these results. The truth is that the earlier observers omitted 



TEMPERATURE AND HUMIDITY 


73 


to take into consideration the atmospheric humidity, and tliis alone 
vitiated their conclusions. 

Our own observations agree with those who have failed to show 
any change in the bodily temperature in passages to and from 
the tropics and in residence therein, provided that the individuals 
observed were normal. 

Further, we have failed to observe any difference in the tempera- 
ture between well-nourished healthy natives and Europeans, and 
with due allowance for individual and seasonal differences and the 
effects of exercise and clothing. 

hi previous editions we have consumed much space with discus- 
sions as to t^e pulse-raU^. and so as not to weary the reader, we 
may say that we do not l>elieve that there is any change in the pulse- 
rate of normal Europeans on (mtering or residing in the tropics, nor 
is there any appreciable dillerence between them and natives. 

Bussiere recently lias invited attention to the action of cold on 
tropical natives brought straight to temperate climates, which 
tends to produce attacks of malaria, liver troubles, and inflammation 
of the bronchi and lungs. He especially lays stress on temporary 
albuminuria yielding to treatment in some one to three weeks. 

Effect on Respiration.— -As we have no ptu'.sonal (‘xperiments to 
record with regard to respiration, we gi\a‘ the work of other 
observers. 

Katlra}' sliiclied very lull)' llie iniliu'nce of lr()])ica] c limates on respiration, 
and gives a table .showing their clfect on the capac ity of the chest, as indicated 
by the spirometer, on a voyage from England to Bahia and back, 'i'he 
average of twelve observations is as follows (hygrometer indicates the differ- 
ence Iretween the wet and dry bulb ol a Mason’s hygrometer) : — 


Number of Persons, 
12 

I'cmperaiurc 1 

65“ 

Hygrometer 

Temperature 

1-., 

Hygrometer 

Temperature 

83° F., 

Hygrometer 

4 °E. 

Temperature 

1 65“ I'., 

Hygrometer 
' I -. 5 ° F. 

1 

Capacity of the 
chest as shown by 
spirometer 

256-083 

280-75 

287-416 

! 

260-25 

Gain or loss 



“b *’’5833 

-26-333 

Percentage gain 


12-J.I 


-- 


rue inereas('d cajnK'ily, according to Eattray, is not due to any actual 
iiu i ea.se in the cnpucity ot the size oi tlie chest, bul to a diminislied quantit)/ 
of blood in the lungs, whic h he considers has been diverted to the excited 
and congested skin and liver. 

Ills results may be summarized by saying that the vascnlarity of the lungs 
IS reduced by 23 fluid ounces, and owing to diminished number of respirations 
7 'j per cent, less air is used daily, and i*i ounces less carbon, and 4*5 per cent, 
less aqueous vapour excreted. 

With regard to these observations of Rattray, he is ^parently supported 
by all observers as to the increase in capacity when Europeans enter the 
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troY)ics. Joi]SS€'i, howe ver, stales llial lliis is teio}a)rary, and disappears 
after acclimatization. 

Kattray mainlaiiud that then' was a diminution of capacity when a nati\e 
of the tro]:)ics we nt to Ihe 'I'einperale Zone', and i^ave llie loilowinj; table 


Gondii ion . 




J'l'fn fni'dlini' I'cni l^craiuyt : Tun pcraiiiyc 

70" T\ 7^^' T'. P. 


13. C., a.g('d twc'iit)- X.-i(iv('ei eio ■ -’<»7 1 ‘^3 

OIK*; h('i[;hl, Si('rr;' 

h'e't 5.1 inelK's Ik'oiic i 

J. a^;"('d Iv-eiil V, N;itiven| 171 i <>0 ! I5(. 

h('i,i;ht, 5 I('r1 j Sicrr.'!. ; 

inelies Ik'oik* 

J. VV., (linlv- Ila.ll-< 17 c .!<>J 

OIK.'; ln'i;.dil, 5 

] illclU'S 


Ih' (oiiiid Ihal th(' fn'epu ncy of rc'spirat ion was slower in the- tropics, as is 
shown ill llie following; table : 



joussel, bli'hii, and ot lu'rs c( ailrovi'il Katlray 7 slate iiK'nl that lh(* res|)ira,- 
tions a, re' slowi'r, betii'v ine;. em the contrary, that they a.r(' aiyniente'd before 
acclimatiza.tjoii. 

7 'his shows clearly that tlu (jiieslion is far from se'ttk'd, and, in lact, reejnires 
re'investigation. 

Effect on Circulation, bat tray invesligatc'd the })ulse-rate carelnlbc, and 
gives the following tablo;— 


Tijjir. 

\ nnihcy of 
Oi).scrv(i- 


Tyo[)ii s. 


i Tcinperatr 

Zone. 


tions. 

l.owrsl 

Jlii^hcst. , 

.-Ivcrnfr. 

. Ivcvagc. 

9 a.ni. 

33 

1 (>(i 

jiz y> 

cS().,, 

91 *7 

3 p.ni. .. 1 

33 

OcS 

108 yz 

.S8vS 

, 88m 

9 ]).rn.. . . 1 

b> 

i 73 

no 37 

'^7-3 

90-3 

Averages 

i 

— 

i ■" , “ 1 

^7-5 

i 90-1 
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He gives the Jollowing conclusions: — 

1. The average pulse is lower by 2*5 beats in the Tropics than in the Tcm- 
]:)erate Zone. 

2. 1'his change holds good for the average morning and evening pulse. 

3. Idle average afternoon ])ulseis higher in the Tropics than in the Tem- 
perate Zone, probably Irecause the solar heat is greatest then. 

4. Tlie morning pidse has the greatest and the evening the lowest range. 

He considers that this reduction in the pulse-rate is related to the diminished 

I'cspiratory function. Parkes, Jousset, Crevaux, Feris, and Idehn, according 
to Huggard, maintain, on the contrary, that the })ulse is increased by ten beats 
per minute. Plehn sa^^s, however, that on acclimatization the pulse-rate 
sinks to normal. 

ddua'c is said to be a lowtM'ing of tei’ don (associated, ac cording to Huggard , 
wit , the dilatation jf the ])eri])heral vessels), as well as increased elasticity 
auc. /ncroiiviu, 'dl of which ]) ’obably pass away on acclimatization. 

Chamljcrlain in the Philippine Islands concludc*s tliai the average blood- 
jiressure, measured by a Cook’s modification of a Ki\’a-Uocci’s apparatus 
and a i 2*5 centimetre armlet . in Fili]nnos and Americans of the same age dwell- 
ing in those islands, does not a]'>preciably differ from one another, nor from 
that of similar Americans in the d'emiierate Zone, but that the pulse-rate of 
active Filipinos and Americans is a few beats above the usual standard of 
72 per minute. 

In our exjierience, in Furoju'ans coming to the Trojiics, the ]>ulse-rate is 
occ^isionally slightly increased. This disa]:)]M\ars after acclimatization, and 
the pulse-rate becomes the sanu' as in I'emjx'rate Zones. We have never 
noticed dicrotism of the ])ulse in normal individuals. 

As regards natives of tlu' Tro])i('s, it is stated bv some' authorities that their 
pulse is (juicker than in tlie inhabitants of 'renpierate Zones, but we arc unable 
to confirm this, and find it to be tlu^ same as in h'.uropcans. 

Effect on the Blood. — Mitchell, as the result of his work in the 
Persian (julf, considers that dam}> heat of itself frequently produces 
anaemia, but givt's no del ails of the l>lood examinations. In 1916 
\\ , M. Strong, noting that persons who had liv(‘d for long in the 
d'ropics bc'camc anaemic-looking, int^estigated tliis point, and con- 
dueled that the pallor was not due to ddicicncy in hcTinoglobin nor to 
ische'emia of the cutaneous capillaries, but to pigment deposited in the 
epidc'rmis, which becomes partially opaque to red light, which is 
important because the colour of the skin depends upon the relative 
amount of eadi spectral tint which is reflected back to the eye. 
Further, he considcTs that when mon' pigment is deposited the skin 
becomes yellow-brown. 

d'he ‘ Aruelh count ’ (see p. iSyS) in heallliy native cliildrcn lias been 
iin'esligated bv Hreinl and I’l ieslley; taking the figure for normal Fnropeans 
as 40, native children varied from 7r-b to 83*8(), while in adult natives it 
stood at 74*().p They are of the opinion that the alteration of the blood 
] icture is the outcome of climatic innucnces, and not, as suggested by Scott 
IMache, as the outcome of abortive inoculation with malarial parasites, 
though tliey think that the higher figure- -^dz.. 83-80 — may be accounted for 
by infection. 

Sweet agrees tliat high ‘ Arneth index ’ is very regidarly present in healthy 
children over the whole coastal area of Eastern Australia; he maintains that 
no factor apart from disease is found definitely to influence this index, but 
h(^ says that external temperatures do appaiamtly infliu nce the index in 
animals, and that further research is required with reference lo this in man. 

We are disinclined to believe in a marked anaemia purely and solely due to 
climatic influences without any other causal factor, luit diminished resistance 
against disease is certainly produced by long rcsicleiue in tlic* tropics, and is 
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probably largely climaiic in its cause, though food may also be a causal factor 
therein; but the chemical factors of resistance to disease still require investiga- 
tion. 

With regard to the sugar content in the blood, McCay finds that for Euro- 
peans it is 0‘o8 per rent., while for Bengalis it is 0*13 per cent., and the increase 
appears to be entire ly due to the excessive amount of the carbohydrate in 
their diet. In the fat indolent classes it is 0*150 per cent,, while in the poorest 
classc's it is only 0*125 P^^" cent., and he points out that there is a very close 
relationsliip, other things being equal, between the sugar content in the blood 
and the amount of fat eleposited in the tissues, which again is a dietetic and 
U0I a climatic effect. 

Effect on Digestion. With regard to tlu‘ alimentary canal there 
is often less apjietitc and less (lesire ffir animal food, and greater 
dcunand for spiced articles of died, all of wliicdi show a tendency to 
lower power of digestion; bnt we ar(‘ convinced that the tnipical 
liypeneniia, other than alcoholic, is a myth, nnd we base this state- 
nnad on a large numbin' of clinical and pathological observations 
spread ovtn* a pm'iod of sonic tW(‘nty-onc years. 

There is, however, one point to which sfX'cial attention should be 
drawn, and this is to the danger of constipation in tropical climates 
with low humidity, and to the nixx'ssitv of imbibing daily a suffi- 
ciency of water to combat the loss of moisture from the skin. This 
tendency to constipation in healthy fieople in very hot dry climates 
is usually aggravated by the difficulty in obtaining fresh vegetables 
and fruits in those regions during the driest times of the year. 
Constipation, if allowed to become chronic, may cause passive 
hypereemia, ])ut this is pathological, and due to the lack of free 
evacuation of tlie bowels and not due directly to the climate. 

Effect on the Nervous System.- -It apipears that the cells of the 
nervous system obey the general law that vital activity is increased 
with a higlua* temperature, but only up to a certain point, after 
which their functional activity becomes markedly depressed. This 
is the case in most Europeans, tliongh a great deal of mental and 
physical work can be done in the tropics if the bodily health is 
maintained. Nati\'es naturally are less prone to feel the depressing 
effects of continuous high temperature. 

It is possible that this condition, together with the effect of the 
actinic rays of the sun, may result in weakening the control of the 
higher centres over the lower, and thus inducing outbursts of what 
Plchn calls ‘ tropical fury ’ {Tropenkohler), by which he means fits 
of passion caused by trivial incidents. This is seen not only in 
Europeans, but in natives, who are apt to do violent deeds under 
the impulse of unreasoning anger. It appears to be one of the 
causes of assaults and violent crime in certain parts of the Tropics. 

Effect upon the Urinary System.- -Urine is diminished in quantity 
in the tropics, and this is said to be due not merely to diminution 
of water, but also of solids, among which urea and chlorides may 
be noticeably mentioned. Lawson says that the pigments are 
increased. 

The diminution of the urine is very markedly noticed in hot dry 



TEMPERATURE AND HUMIDITY 


77 


climates and should be carefully combated by drinking a sufficiency 
of watery fluids because of the danger of lithiasis. 

Effect on the Generative Organs. -The generative organs act more 
vigorously in the tropics, but venereal excess is distinctly more 
deleterious than in the Temperate Zone. 

Menstruation begins about one year earlier in European girls living 
in the tropics than in those living in the Temperate Zone. For 
instance, it begins in 48*4 per cent, at thirteen to fourteen years of 
age, and in 50 07 per cent, at fifteen to sixteen years of age. 
Eurasian and East Indian girls, according to Das, mostly begin to 
menstruate at thirteen years (5^*8 per cent.), though a considerable 
number do so at twelve years (18 *6 per cent.). Natives of India 
mostly begin about eleven to twelve years of age (63*51 per cent.), 
and high-caste Indian girls begin in their eleventh year (50 per cent.) 
or twelfth year (48 per cent.); but this early menstruation may be 
associated with child-marriage rather than climate. Puberty in 
boys appears at an earlier age than in temperate climates. 

There appears no reason to doubt that the climacteric is a more 
trying time for the European woman in the tropics, and tends to 
produce neurasthenia. If possible, therefore, such a woman should 
be sent to the Tem^ierate Zone during this period. 

It is possible that fertility is not affected in Europeans, though 
there is some doubt on this subject, and evidence is increasing that 
it greatly decreases after the second or third generation. Abortions 
are said to be more common in the European in the tropics than in 
the Temperate Zone, and post-partum haemorrhage is also said to 
be more common, but these statements require careful investiga- 
tion before being accepted. 

Effect on Growth.— Rattra 3^ made observations on the weight 
and growth of forty-eight naval cadets, aged from fourteen and a 
half to seventeen years, during four successive changes of climate 
during a voyage. He considered that they grew too rapidly and 
lost weight considerably in the tropics, and that their strength and 
health was impaired by the heat. 

These conclusions of Rattray’s are of the greatest importance, 
showing clearly the necessity (well known) of sending European 
children as soon as possible to ii\'e in the Temperate Zone, not 
merely, as some writers assert, for education, but, much more 
importantly, for their health. 

Effect on the Skin. — The cutaneous system in all tropical regions 
IS flushed with blood, and in the damper parts is more or less covered 
with visible sweat, which is apparently suitable for the growth of 
fungi. 

In the dry hot climates the skin is dry, and in persons who possess 
few la^^ers of horny cells it is liable to become inflamed and cracked. 
The hair, particularly on ladies who have resided some time in the 
dry tropics without a change, is apt to fall out. 
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PRESSURE. 

The atmospheric pressure at different localities scattered all 
over the world may l)e measured by the barometer, due care being 
taken to correct tJie reading for index error, capacity, capillarity, 
temperature, and altitude; and the data so obtained may be entered 
on a map of Mercator’s projection of the world, and finally points 
of similar pressure, as indicated in this map, may be joined together 
by cur\a'S, thus producing an isobaric chart. 

The result of this investigation shows that, gmierally speaking, 
at sea-le\’el there is high jn'essure at about 30 degrees north oi' south 
of the Equator, and that from this the pressure decreases towards 
the Equator. 

The reason why the pressure is low at the ]u|uator is partially 
due to the heating of the air by the sun’s rays, but more especially to 
the considerable addition of aqueous vapour to the air in these 
regions, with thc‘ result that it ascends with considerable force, 
and goes on ascending to very high altitudes, owing to repeatc'd 
vanning from the condensation of aqueous \aipour and the liberation 
of latent heat. 

'riiough the pressure at 30 degrees is higher than tliat at 
the Ikpiator at sea-level, it is considerably less than at higher 
altitudes, ('onsequently air passing upwards from sea-level at 
the E(]uator into liigher strata will then How either north or south 
towards 30 degree's; but as it Hows it is compressed as the latitude' 
increase's, aiiei lamce the curre'nt of air Howing pe»lewards becomes 
narrowe'r and narrower, and finally, owing to this, is forced de)wn 
hy tlu' incre'asing pressure, until it reae'.he'S sea-le\X'l at 30 degrees 
north or south, causing the high jiressure' about tliis latitude'. 
This compression is helped hy the cooling of tlie air as it proceeds 
polewarels, and by the centrifugal force e>f the earth’s re)tatiem. 

Apart from this general distributieai, there are diurnal and annual 
variations in the pressure. The diurnal variation of pressure is 
best marked in the tropics, diminishing as the Poles are approached 
• — c.g., at Calcutta it is o*i2 inch, whereas at Greenwich it is only 
0*02 inch. The cause of this diurnal variation is the heating of the 
air by the sun, but there is also another cause, producing, according 
to Blandford, a x'ariation of o-i inch in India, and acting twice 
daily, the nature; of which is not known. 

The cause of these seasonal variations in the pressure is the 
heating or cooling of the land, which, in the case of Colombo, is 
associated with the monsoons. Thus, the low pressures occur in 
th(' season of the south-west monsoon, May, June, and July, 
when air is travelling from high pressure at tlie Equator to low 
pressure in the warm plains of Asia; and the high pressures are 
associated with the north-cast monsoon, when air is travelling 
from tlie cold plains of Asia, where it is at considerable pressure, 
towards the Equator, where the pressure is less. 
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Effects. 

The effects on mankind of the slighter variations of eitmospheric 
pressure are quite unknown and unstudied, scientihcally, as far as 
we know, though the subject merits careful research. It is possible 
tliat they are without effect, because they decrease with altitude in 
the same ratio in which the pressure diminishes, but without produc- 
ing any obvious effect from a climatic point of view. When atmo- 
spheric pressure is increased considerably^ as in tlie use of .special 
apparatus for deep diving and in the caissons (died with compressed 
air which enginciers use to la' tlie underwater foundations of 
brrlges, then a series of symptoms are produced which are called 
caisson disease, and to this we shall nder in a later chapter, as the 
conditions are patliological and not physiological. 

There is also the condition of dinuiiished alinosjilu'ric ])1 \‘Sslitc 'A'hich is 
found in mountain climates. 'I'hus, it tlie pressure at sca-lex el is milli- 
metres of mcreiiry at 25 ' C., then at an altitude of yorj metres, and at tlie same 
tempcraturi', this becomes 720; at 1,000 metres t)79; at J^,()()() metres 
at s.ooo metres 53^); at 4,000 imdres 475; at 5,000 metres 420; and at 0,000 
metres 370. Jhit it tlie lem]ierature at 5,000 miTres were C., instead of 
25'^ C., then the jiressure woidd be 394 millimetres, and at 6,000 metres 343 
millimeti'es ; while at 3,000 meli i's it is 51 7 at 0° C., and 33() at 25° C. 

J t must the] etore be noted that tlie mean pressure is }iot the same at similar 
altitudes in the tropics and in temperate climates, but somewhat higher. 

Maukiiid eanlix e and has lormed permanent habitations in 'i'ibct at places 
over 44^00 metres above sca“le\el, and Jlalin states that in the Bolivian 
4)i‘ovin( e of C'hiehas ])copie live at an altitude of 5,000 metres. 

riahn, quoting 1 ^ 6 p 4 )ig anil Reek, states tliat iia. lives living on the high 
Andean jilateaus sulfer Ironi certain disagreeable effects, but we have been 
unable to tind what they mean exactly by tliis expression. 

Mountain sickiU'ss belongs to tlie iratliological })()rtion, and will tlieretore 
be eonsideri-d later; and all we can write witJi I’egard to the jiliysiologii al 
elt'ccts of pressure is to invite the attention of obs(‘r\’ers, who live at or visit 
high altitudes, to the great lack of accurate information with regard to these 
matters. 


WINDS. 

The luotiou of the air in passing from regions of higli to those of 
low pressure constitute the winds, which may be classified into per- 
manent, periodical. \4iriabk\ and local. 

Permanent winds are caused by the expansion of the hot equa- 
torial air which rises to high altitudes and passes polewards. 

If Fig. 7, which demonstrated Ferrell’s latest ideas as to the 
circulation of the air, be studied, in general it will be noticed that 
tlie zones of equatorial calms and rains are indicated, as well as 
the zones of subtropical calms and drouglit. 

I'he unbroken arrows indicate the surface winds, and the broken 
arniws the upper currents. The margin of the circle shows a vertical 
section of the atmospliere in which the arrows indicate the move- 
immts. The equatorial area is marked in the centre. 

If this figure be carefully examined, it will be seen rom the section 
of the atmosphere on the sides of the figure that the heated aii 
rises over the Equator to high altitudes, and flows to the poles; 
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but at lesser altitudes it descends in the region of subtropical calms, 
and either passes polewards or to the Equator. Within the area 
from 0 to 30 degrees there are winds called the ‘ trades, which 
blow from 30 degrees towards the Equator, and which on reference 
to Fig. 6, can be noted as north-east trades and south-east trades, 
and it will also be observed that the only portion of the ocean 
free from them is the North Indian Ocean, where the south- 
west monsoons occur. The north-east monsoon is really a trade- 

wind. r 

Further, it will be noted that es the air moves in opposite direc- 
tions along the surface in the region of latitude 35 degrees, there is 
an absence of prevailing winds. These belts of calms are called the 
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subtropical belts,' or tlie calms of Cancer and Capricorn. Again, at 
the Equator there are calms for the same reason, and these arc‘ often 
called ‘ the doldrums.' 

The trade-winds are only to be seen typically in oceanic regions, 
where the temperature is equable, and there are no local conditions 
to cause them to deviate from their course. But they, together 
with their intermediate zones of calms, shift their positions according 
to the temperature, having, tliercfore, different areas in such months 
as March and September. On an average the north-east trades 
extend from 7 degrees to 29 degrees north in the Atlantic, and the 
south-east to 20 degrees south. During the summer they advance 
a few degrees north, and in the winter recede to the south. In 
spring the centre of the doldrums is only i to 2 degrees north of 
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the Equator, while in summer it is about or lo degrees north 
latitude, and, as will be explained later, the tropical rains of certain 
regions depend upon this movement. Their easterly direction is 
due to the rotation of the world. 

Periodical winds are the muva'ineni.s of the air produced by the alternate 
heating (by the sun) and cooling ot large tracts of lands, and the most important 
of these are the monsoons, to whicli reference has already been made. 

Variable winds are found in thi^ regions of calms interposed between the 
trades in tlie Atlantic and Pacitic t)( cans. 

Local winds are of great imijortari e in the tropics, constituting the so- 
called land wind, sea breeze, mountain wind, etc., and several others to be 
refe'a'cd to lat('r, to wliich spechd locr . luiines have l)ecn given. 

1 .e wind about v hich a great deal is S])olv'en in c\ ei')' tropical countr\' is 
‘ tU land vrind.' During tin- day the land l)eiomes heated by the sun, and 
causes the air to rise, thus lessening the prc-ssuix*, and drawing tlie air from the. 
sea, causing a sea breeze, Vvdiich is, of course, very humid. During the night, 
however, by terrestrial radiation, the land bt.'comcs cooler than the sea, and 
the air travels from tlie laud to the sea, iind constitutes the land wind. This 
wind, as a rule, is dry, and has a very deleterious effect on men and animals 
Ijy extraeding moisture and iibruplly cooling the body, and thereby lowering 
till' resisting-power to disease. Hence the ('omplaints made by old residents 
about the land bre-ezes. On the other haiul. new-comers delight in them, 
because they arc so cool. 

'Tiiis land Avind is mure marked at certain seasons of tlu year than at others, 
being parlicularh’- fell in Colombo in those months when there is less cloud, 
bec'auso the terrestrial radiation is then more marked. There is, however, 
nothing like a dehnite season for a pronounced land wiml, ior it can take place 
at any time, only depending u})on terrestrial radiation. 

A lev remarks may be useful with regard to some local wintls: — 

The Sirocco (Italian, scirocro ), — The siroc co is a south-east Avind with a 
high temi)eraturc, which, coming from the high land of North Africa, descends 
lo the Mediterranean, and may reach Malta and some parts of Italy. It is 
considered to be \'ery enervating. 

The Solano. — The solano is a south-easterly wind, blowing from the Sahara 
into Spain. 

The Harmattan.— The harmattan is a hot easterly wind, coming from the 
Saliai'ci Desert, and carrying dust far out into the Atlantic 

In the months of November to March this Avind meets with the north- 
east trade iu its most southerly jAosition, Avilh the result that it is deflected 
southwards doAvn the west coast of Africa. It is a A^ery dry wind, and there- 
fore extracts moisture from everything it comes across. Hence human beings 
feel their skin dry and hard, and may suffer from bleeding from the nose 
and lips, while furniture creaks and groans in a most supernatural manner. 

The Khamsin. — The khamsin, or khamseen, is the dust-laden wind which 
bloAvs from the Sahara into Egypt at interA^als during fifty days about Easter- 
time, and is \^ery disagreeable, especially when associated, as it often is, with 
high air temperatures, Avdieii it may produce pathological changes in persons 
<n poor health situate in places unsuitable for bearing heat, sucii as railway 
tra 'ns. 

Pamperos, — These are the soutli-Avesterly winds of Brazil. Europeans have 
allcrec^ the significance of the name to squally cyclonic Avinds in the same 
A'icinity. 

Ghibli, — The ghibli is a violent south or south-east wind blowing into 
frip^li from the desert, and carrying with it a quantity of sand, which causes 
irritation to the conjunctAa^ and which may induce ncrv'ous symptoms. 

The Foehn, - though essentially a temperate or cool climate Avind, still the 
loci in exists in the tropics. The foehn is to be seen in its home, Switzerland, 
a,-> a warm dry wind which blows with great violence downwards from the crest 
of the Alps, and has marked effects upon man and animals, as it has a depress- 
ing effect upon the mind and the nervous system. It was thought at one 
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time that this wind came from the Sahara, but all evidence is against tWs, 
and the present idea is that it is a local wind which is produced by a high 
south-east and a low north-west pressure, and attains its high temperature 
as well as its dryness in its descent from the summits of the Alps on their 
northern side, and less typical on the southern aspect when the pressure is 
high in the north-west and is low in the south-east. 

Foehn-like winds occur in Trebizond, and on Lake Urmia, in Persia, where 
it is called samum, and blows down the eastern side of the New Zealand Alps 
on to the Canterbury Plains. 

It also occurs at Resht, on the southern shores of the Caspian Sea; also in 
South Georgia, as well as in the Andes and at Kanazaw^a in Japan. 

We have, above, given the usual explanation of the sirocco, but it must 
be noted that it is probably a ‘ foehn ' wind, tor Bridone, many years ago, 
noted that in Sicily it could not possibly come from the Sahara, because it 
would have been most violent on the sonlh coast, whereas it is actuallj'^ at its 
greatest violence on the north coast, especially at Palermo. 

The ' sirocco di Levante,’ between I’ylos and Kyporissia, is also a ‘ foehn ’ 
wind, as is the sirocco of Algiers, and probably the solano of Spain and the 
vent d’Fspagne on the northern aspect of the Pyrenees. 

Cyclonic Storms. — Besides ordinary winds, cyclonic disturbances called 
storms occur. Cy( Ionic storms receive different names in various parts of 
the world, being called cyclones in India, Ceylon, and Mauritius, hurricanes 
in Ihc West Indies, typhoons in the China Seas. Mild cyclonic storms met 
with on the West Coast of Africa and elsewhere are ( ailed tornadoes. 

Electrical Conditions. 

Silent electrical discharges are frequent in the tropics, and the 
acidity which they jtroducc' is supposed to be tht^ cause of devitrifica- 
tion, wliicli is so trying to persons working with all except the best 
microscopical and other lenses. 

Thunderstorms of astonishing violence are frequent in many 
parts of tile tropics, and generally cool the atmosphere for the time. 

It is a popular belief that the electrical condition of the atmosphere 
has some influence upon life, but if this is so then it is an untrodden 
field, as far as we know, for we have been unable to find any definite 
scientific observations which can confirm or refute the popular 
belief. Hahn considers that there is no indication that atmospheric 
electricity plays a notable part in climatology. 

Sun’s Rays. 

Sunlight contains heat rays (red), light rays (yellow), and chemical 
rays (blue, violet, and ultra-violet); that is to say, rays extending 
from the infra-red to as far as 291 //// in the ultra-violet (Gibbs), 
but is much influenced by latitude, longitude, altitude, and the daily 
and hourly varying local meteorological conditions. 

These rays reach the earth, according to Langley, in the following 
percentages:— • 


Pltra-violct . . . . . . . . . . • • 39 

Violet . . . . . . . . . . . . . . 42 

Blue 48 

Greenish-bill e . . . . . . . . . . . . 54 

Yellow . . . . . . . . . . . . . . O3 

Red . . . . . . . . 70 

J nfra-red . . . . .... . . . . . . 76 
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Freer, Gibbs, and Bacon have shown that, though the tropical 
light of Manila contains few, if any, more ultra-violet rays than the 
Temperate Zone, still the chemical rays have more effect there 
than in a temperate climate, and these effects vary on different 
days. Freer distinguishes ‘ actinic ' and ‘ non-actinic ' days, on 
both of which the sky may be equally clear. The cause of the 
difference between an actinic and non-actinic day is not under- 
stood. Gibbs does not believe that the normal intensities of the 
light in the tropics is different from that of any other region, the 
influence of local meteorological conditions being excluded, the 
most important of these being the humidity. Aron suspects that 
the deleterious influence of tropical sunlight is due to the long 
heat waves rather than to the short chemical waves, which we will 
now consider. 

The chemical rays appear to have, first, a stimulative and 
beneficial influence, and, secondly, a harmful influence. 

Stimulative Influence. — Finsen, by experiments upon tadpoles, 
earthworms, beetles, flies, etc., came to the conclusion that the 
action of the chemical or blue-violet rays was very considerable as 
compared with light (yellow) or heat (red) rays, and that, though 
their action was probably very comi)lex. still, it could be best 
considered as an excitation of the nervous system. 

This excitation was so powerful as to j)roduce reflex actions in 
tadpoles and movements in other animals, while in man he con- 
siders them to be the cause of the feeling of hien-etre experienced on 
a bright, sunny day, which he compares with the depression felt 
on a dark, cloudy day. 

Bactericidal Properties. — Downes and Blunt in 1877 showed that 
the chemical rays could kill bacteria, while D’Arsonval and Charrain 
showed that they could kill the Bacillus pyocyaneus. In 1903 
Bernard and Morgan demonstrated that it was the middle third of 
the ultra-violet portion of the spectrum which caused these bac- 
tericidal effects. 

Harmful influences — Acutk Skin Irritation. — Charcot in 1859 
first expressed the opinion that it was the chemical and not the 
heat rays which produced sunburn, and showed that the dermatitis 
caused by strong electric light was identical with that caused by the 
sun. 

In 1889 Widmark proved this definitely by using an electric arc 
of 1,200 candle-power, the light of which was first passed through 
water to absorb the heat rays, and then allowed to fall upon the 
shaven skin of a white rabbit, when the characteristic inflammation 
resulted. He then interposed a plate of ordinary glass to exclude 
ultra-violet rays, when the skin remained unaffected. 

in 1901 Finsen placed on the flexor surface of his forearm a plate 
of rock-crystal and pieces of different-coloured glass, and also wrot(‘ 
his initials in Indian ink. He then exposed the arm to the rays 
from an 80-ampere arc for twenty minutes, ten minutes at a distance 
of 50 metres and ten minutes at 75 metres. The result was that 
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first all parts were slightly influenced by the heat, and then those 
parts which were unprotected or covered with rock-crystal became 
red and inflamed, and later desquamated and became pigmented, 
while the parts covered by glass and Indian ink, after the slight 
initial inflammation due to the heat, did not further react. This 
experiment is interesting as showing that the effects due to heat 
appear at once and pass off quickly, while those due to the chemical 
rays do not begin until after a lapse of three hours, which agrees 
with the well-known fact that a sunburn takes some time to develop. 

Freund, as the result of his experiments, concluded that the 
chemical rays penetrated into the skin. Bernard and Morgan found 
that tlie ultra-violet rays were the active ageiil in producing sun- 
burn. 

Tile histology of solar erythema is not wc'll known. Leredde and 
Pantri(' made a. biopsy on the skin of tlu^ shoulder of oiu' of tluur 
friends wlio was sufft'ring from sunburn of thre(‘ days’ duration. 
Tlie skin was in a condition of acute erythema, without (edema or 
effusion. Imdcr a low power of the microscope the (']>id(‘rmis 
appeared normal in thickness and disposition, but tlie horny layer 
was exfoliated in places. The dermis was richer than normal in 
cellular ehunents, and the connective-tissue bundles werc^ swollen. 
Under a higher j:)ower the intercellular spaces appeared largcu* than 
normal. The vessels of the dermis were dilated, and there was 
a slight leucocytic infiltration, while the connective-tissue cells were 
swollen. These appearances are exactly like those produced by the 
rays of an (dectiic light. 

If the siin’s action stops at this, the only change will be the 
de])osit of the yellowish-brown pigment in tlu^ skin so well known 
in the tropics. If, however, the action is mort' inti nse, an exuda- 
tion appears, which may be sero-ilbrinous, cellular, or bloody, while 
the depth to which these changes may extend depends upon the 
intensity of the light. The epithedium l)ecomes swollen, and bullae 
may form, and the connective tissue of the dermis l)f‘ swollen. 

The pigmentation of the epick-rmis is important, and will be 
referred to at greater length in the next section. 

Chronic Skin Irrita iion.-- The chronic effects produced on the 
skin by the chemical energy of light are:- — 

(1) Pignumtation. 

(2) Vascular im edification. 

(3) Disease. 

(i) PigMentution. It is well known that pigmentation follows 
sunburn, but until recently it was not evident that it was of a 
protective nature. 

In 1888 Wedding, confirmed by Charcot, first made this point 
clear, though Unna in 1885 was the first to say that it was to be 
regarded as useful, inasmuch as it prevented the rays penetrating 
too deeply, thus preventing inflammation. 

In 1896 Finsen painted a black ring 2 inches wide round his arm 
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with Indian ink to imitate the colour of a negro’s skin, and then 
exposed it for three hours to a very hot sun. For a time the skin 
remained normal, showing only a little redness at the edge of the 
black paint, but in due course it became red and inflamed, except 
where it had been painted black. After several days the erythema 
disappeared, and the area which liad been red was noticed to have 
become distinctly pigmented, or, in plain language, was sunburnt. 

He then exposed it again to the sun, but this time the area which 
had originally been covered with Indian ink was unprotected. 
The ' esult was that this part became red and inflamed, while the 
pi‘n e liied .^urea was unafh eted. except that it became a little more 
pigmented. 

This experiment of Finsen’s shows that the colour of native races 
li\dng in the tropics is protective, and was possibly originally induced 
by the sun. Sambon and Baly hmnd that the ultra-\dolet rays were 
entiredy absorbed by a pigmented piece of skin, and therefore support 
the theory that pigmentation affords an efficient natural protection 
against ultra-violet rays. 

Dyson studied eutiuieoiis j)igmentation in 1911, and concluded tint the 
formation of melanotic pigment was a normal i unction of the nuclei of the 
epidermal cell, metabolism being due to a lipochroine, in which melanin is 
the chromatic inotein portion. This pigment passes to the cutis by way of 
the lymph stream, d'hc formation of the pigment can be increased by agents 
such as light, heat, and toxin:., but the increase is \isually transitory and tends 
to disap|)ea]‘; but if there is deficient drainage of the lymph from the cutis 
the pigment accumulal es, and unless the drainage is improved tends to become 
ju'ogressively worse. Decreased vitality of the cells may possibly cause the 
overproduction of pigment due to diminution in nutrition, but if the cells 
become functionally inactive then pigment production ceases, and the existing 
pigment being carried away by the blood -stream, the part becomes depig- 
mented, which is probably the case in vitiligo, in which, after hyperpigmenta- 
tion, the skin becomes depigmented. 

That the dark pigmentation is useful is shown also by the observa- 
tion made by us on various occasions that natives suffering from 
leucoderma avoid going into the sun. as they state that the unpig- 
mented portions of the skin bi'come inflamed and painful. In this 
ccninection, an interesting case showing the importance of these rays 
came under our notice. A native, who had developed large Icuco- 
di'rmic patches involving the whole of the face, noticed that 
hv could no longer work in the sun, as each time he tried to do so the 
patches became painful and he felt sick, very weak, and giddy, and 
therefore asked to be relieved of his outdoor duties; but it was held 
that h was still fit to discharge his ordinary duties, with the result 
that the unfortunate man was compelled to resign his appointment 
a. fe''" months later. It is therefore well that the importance of 
skin pigmentation should be more widely known. 

Generally speaking, in regions where the sunlight is very intense the race 
is densely pigmented. As a rule, the people who live nearer the Equator 
are more pigmented than those farther away — c.g., the black colour of th-' 
West African can be compared with the red of the American Indian or tlie 
yellow of the Chinese. But this rule is not without exceptions, for the 
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Sinhalese; living nearer the Equator, are distinctly less pigmented than the 

Tamils of the warmer regions of Ja^Ina and South India. 

There is also not the slightest doubt that the European living in ^^^picai 
countries becomes darker, a fact which specially applies to the descenca 
of the settlers. On the other hand, according to Finsen, the dark colour oi 
the negro diminishes to a sensible degree in Europe. 

It must be noted, however, that a certain number of Europeans do not 
become sunburnt in the tropics. On the contrary, their skin, especially in 
localities where the climate is damp and hot, may take a peculiar whitish 
colour, even in cases in which the blood examination does not reveal any 
sensible decrease in the amount of haemoglobin. As a result of an extended 
series of observations made by medical officers in the Philippine Islands, 
Chamberlain reports that the red cell counts averaged 5,200,000 per cubic 
millimetre in hcaJth}^ American soldiers, averaging twenty-six years of age, 
after twentj^ months' service near sea-level, wliich count does not differ from 
the normal as at present recognized for healthy young men in the Temperate 
Zone. The haemoglobin averaged 89*6 per cent., and the colour index o*86 
to 0*87, both of which were a little low, b\it not sufficiently so to indicate a 
definite arncmia. He believes that the pallor mentioned above is as a rule 
due to a superficial ischaemia. 

The effect of tropical light on man has been made the subject of a special 
memoir by Woodruff, who points out that all over the globe the people who 
live nearer the poles are blonder than those residing near the Equator. He 
thinks that insufficient pigmentation, by permitting the penetration of the 
chemical rays, conduces to the increased activity of the mind and vigour 
in the muscles which is found in new-comers in the tropics. This condition 
of excitation causes them to overdo themselves sooner or later, and so to 
produce a feeling of exhaustion which lie describes as tropical exhaustion. 

He further considers that white men cannot become acclimatized in the 
tropics, and also that they should be protected by clothing opaque to the blue 
and ultra-violet rays. For this purpose he says that the out(T clotliing should 
be white, grey, or yellow, because heat will be least absorbed by these colours, 
while the underclothing should be black or yellow, to stop the ultra-violet 
rays. For office-workers and others not exposed to the dhect sun-rays he- 
ad vises black or dark blue, but he states that it is not known whether blue 
or black excludes the ultra-violet rays. 

He also strongly advises opaque head-gear, as he says it is surprising how 
tran.sparcnt the scalp and skull are to light rays, and that it is certain that the 
ultra-violet rays pass through them. 

He points out the nuisance of the glare from houses painted white in the 
tropics, and mentions the better colours of green, dark yellow, and brown. 
The gradual disappearance of the white buildings in the business part of 
Colombo, and the appearance of new buildings coloured brown, indicates the 
correctness of his views. 

Wirile it is not possible to agree with all or even with many of Woodrull’s 
statements, there is no doubt whatever that there is a great general truth in 
what he says, though many of the matters upon which he temches are jHirely 
speculative. 

On the other hand, there is most urgent need for protection from 
sunlight both as regards the eyes and the whole body. With regard 
to the effect of the tropical sun on man and animals, some most 
interesting experiments have been performed in the Philippine 
Islands by Aron and Gibbs separately. Rabbits and monkeys — 
i.e., animals with limited power of physical heat regulation — die if 
exposed to the sun’s rays. The body temperature of these animals 
rises to febrile heights, while the post-mortem reveals haemorrhages 
into the meninges, and in the case of monkeys into the heart. If, 
however, the increase of heat absorbed from the sun s radiation is 
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compensated by increased loss from the animal by such means as a 
strong wind, the animal suffers no discomfort. Insolation of the 
skull alone is without effect if the body temperature is kept within 
normal limits. Our own experiments showed that rabbits died 
in about an hour if exposed to the sun with their head shaven, 
and lived if protected from these rays by means of red glass. Aron 
and Gibbs have also shown that if the human skin is exposed to the 
sun’s rays the temperature of the area so exx)oscd rises as a rule more 
rapidly and reaches a higher maximum in a dark skin than in a 
light, until the nerve endings ')f the latter are irritated by the pro- 
longed exposure. The black ,kin is j^roteetivc because it guards 
the nerve cndiiigs from irritation, and because of the more rapid 
radiation by means of which heat is quickly lost, especially from the 
area in the shade, which is usually greater in extent than the part 
in the sunlight. Further, it is i:)robable that the relatively greater 
number of sweat glands in the dark skin is also protective. The air 
in the human hair, especially in Idack hair, under the influence of 
the tropical sun acquires exceedingly high temperatures. There is 
not the slightest doubt that the pigmentation of native races is 
protective, and that the older tlieories of Waltz that carbon was 
deposited in the tissues owing to imperfect oxidation due to heat, 
and that of Darwin that it was due to a, survival of those best fitted 
to withstand tropical disease — for he believed that x:>igmcntation 
prevented the nativ^e from being attacked by the fatal miasmata of 
the country — cannot now be seriously considi'red. 

As to the origin of the j^igment, this question must be considered 
as far from settled. There are two possible sources for the melanin, 
viz. : — 

(a) The luemoglobin of the blood. 
ib) The cells of the epidermis. 

(a) The lieemoglohin. -This theory suggcists that haemoglobin is 
altered into melanin either in the blood-stream, in the connective - 
tissue cells, or in si:>ecial melanoblasts, which by amceboid movement 
take the pigment to the epidermis. 

{h) The Cells of the Epidermis . — This theory states that melanin 
is manufactured in situ by the epithelial cells, and is not derived 
from haemoglobin, and in view of the histology given above this 
appears to bo x^robably the correct solution of the iiroblem. 

Melanosis, which varies from mere freckles through the diffuse 
yellow and brown i)igmciitation to the jet-black of the African 
negro’s skin, is caused by melanin granules lying in and between 
the cells of the epidermis. 

With regard to the i:)igmentation of different races, it must be 
remembered that it is only absent in albinos, and that it occurs in 
the epidermis of the areohe and mammillai of the breast, the scrotum, 
labia majora, and around the anus in white races, being contained 
chiefly in the large basal cells of the Malpighian layer, and to much 
less extent in the more superficial layers, and the connective-tissue 
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cells of the papillary layer of the corium. In negroes the pigmenta- 
tion is deeper and more diffusely spread in the epideiims. 

(2) Vascular Modification. — -Associated with pigmentation there 
is said to be a persistent dilatation of the vessels and capillaries of 
the skin, and it is stated that hair and nails grow more rapidly in 
the tropics than in the Temperate Zone. 

Light in general is believed to have an effect upon the blood, 
which absorbs the violet and ultra-violet rays, and the red 
corpuscles under these influences probably absorb more 
oxygen. 

(3) Disease . — With regard to disease, there appears to be no 
reason to doubt that the irritating effect of light has at least a part 
in the aetiology of Kaposi’s disease {Xeroderma 'pigmentosum), 
which we have met with in the tropics, where it would naturally 
develop rapidly in children prone to the disease. 

There is also no doubt that these rays play a part in the pro- 
duction of the erythema of pellagra, as will be described later on, 
and they may have some effect in producing sunstroke. 

Woodruff draws attention to the almost universal neurasthenia 
of white men in the tropics, among whom lie says insanity is more 
common than in Temperat(^ Zones. In support of the latter state- 
ment, he asserts tliat the insanity ratc‘ in tlie Philippine Army in 
1901 was 2*02 per mille, while in the Unitc'd States from 1889-1898 it 
was i'i3; but he remarks that the diagnosis was not confirmed on 
the arrival of sc'\’eral of the Philippine soldiers in the Uniti^d States, 
as they reco\au'ed cn route. He draws attention to the loss of 
memory in the tropics {tropical amnesia), a condition which is very 
prevalent on th(‘ West Coast of Africa, being often called ' coast 
memory.’ He also mentions the midday sic^sta as usedul in pre- 
venting this neurasthenia, and in this he is also probably correct, 
especially for ladies. Ordinary officials and business men, however, 
cannot afford to rest in the middle; of the day. 

Moon’s Rays.--The extravagant stories by old writia's, and 
especially the talcs given by sailors with regard to the influence of 
the rays from the full moon, have thrown such discredit upon this 
subject that we have bc'cn unable to find any literature seriously 
considering the effects of its rays u])on man. 

Nevertheless, in our own experience, the rays of the full moon 
headache and a certain amount of nervous, jrritaliility in 
persons who sleep in the open. The subject requires and deser\ es 
scientific study. 

ACCLIMATIZATION. 

Plehn seems to have been the first careful observer clearl}' to prove 
that the changes induced in the new-comer as he enters the tropics 
in due course disappear, and his organs becoming accustomed to the 
new work demanded from them, lie virtually returns to the same 
condition of temperature, respiration, etc., as in the Temperate 
Zone — in other words, becomes acclimatized. Further, if constantly 
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exposed to the sun’s rays, his skin is apt to become more pigmented 
than normal, and to afford a certain degree of protection against 
its rays. 

Sambon pointed out long ago that if proi)er sanitary and other measures 
against disease were introduced into the tropics, and if care were taken with 
regard to food, drink, excessive heat, and the rays of the sun, there is no reason 
why the European should not live healthily in these regions; and this is true 
to a certain extent, but in our experience the length of residence must be 
considered, as even with every care he may become debilitated by the direct 
climatic influences and recpiirc a ' hange to a temperate climate, otherwise 
after a time, the length of whicli va.ries much in individuals, his health will 
be undermined and break down in some way. 

I he extraordinary success of the American sanitarians in the canal zone 
of Central America, once one of the most unhealthy regions of the world, but 
where now the sickness-rate has been diminished to less than half that of the 
death-rate of many a tropical town is often quoted. We feci that the basis 
of the largest proportion of illness and death in the tropics is bad sanitation 
and not climatic intlueiu es. Notwithstanding these facts, a permanent 
colonization of the low-l^dng regions of the tropics by a wdiite race is, in our 
opinion, not possible, as a uniformly damp, hot climate endured for years 
diminishes the resistanc e against disease, and has a markedly deleterious effect 
on the nervous system, h'ertility probably also decreases after the second 
or third generation. The climate greatly deteriorates the physique of the 
children, as can easily be observed in any district of the trojhcs at sea-level. 
In the highlands, such as some ])a.rts of British East Africa, colonization by a 
white race ma^’ be possible, though Van Standel has pointed out that pro- 
longed residence in tropical highlands ]>roduces changes in the nervous systemf? 
of the second and subsequent generations, even if it does not do so in the first. 

These remarks in general agree Avilh Caddv’s work, as he considers that the 
Euro])can is unable to rear .strong healthy eliildren in India, rnid that even 
those whic h are sent home, Avhen four or five years old, owdug to the debili- 
tating influences of the troincal climate^ at an im]Aortant growing period, are 
not .so fine plpcsically as their j)arents. 

If, however, the new-comer into tlie tropics desires to become 
acclimatized he must use some p)rotection for his head, and in many 
cases for his spine and eyes ; he must wear suitable clothing, live in 
suitable lionses, work in suitable offices, dwell in sanitary surround- 
ings, jtvoid alcohol and exposure to ttic midday sun, while roads 
in common use sliould be suitably constructed and well shaded. 

It is not within the province of this work to go into detail with 
rt‘gard to these matters, but a few brief remarks may be made. 

Suitable Head-gear.- -All Europeans should wear a light helmet 
or topee covered with white or khaki-coloured cloth externally 
and ventilated. This helmet should have a broad brim lined with 
green and i)rolongcd down the back of the neck, should be lined 
internally with red. or red and yellow, or black, and should possess 
an internal band attached in such a manner that the head does not 
touch the frame of the hat, while it allows free circulation of the air. 

When persons are compelled to work under the tropical sun and 
to expose their backs to its rays, a thin strip of yellow and red 
coloured silk should be sewn into the shirt along the spine, or 
attached to the inner aspect of the coat by means of hooks and 
eyelets. Eyes should be protected with dark glasses, or with 
Sir William Crookes’ non-actinic glass with side-pieces. 
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Ladies who are particular about the skin of the face should wear 
veils, though these are very warm. 

The reasons of these requirements are, while white reflects heat 
very well, and absorbs very little, and is therefore excellent ex- 
ternally, yet it transmits the chemical rays, while red and yellow 
absorb them. 

Clothing. — Clothing should be loose and as light as possible in 
weight, and of a white or khaki colour externally. Sambon some 
3^ears ago devised a cloth, called ‘ Solaro,' khaki-coloured externally 
and red internally, with the object of preventing the action of the 
sun’s rays on the bod)^ It is made by using threads of yellow and 
blue twisted sc})arate]y and together for the warp, while red threads 
are used for tlic weft, but tliese latter are brought back in the pro- 
portion of thre(^ to one, so that the front has three yellow and three 
blue threads to one red thread, thus producing the khaki colour. It 
should only be used as a coat, and should be obtained as thin as 
possible, and made up as lightly as possible without linings or 
doubl ngs. The general opinion at the present is, however, that 
white is by far the best colour. 

As regards underclothing, we are of the opinion that thin woollen 
materials are the best, l)ut we are not in favour of openwork under- 
clothes. At the present time the use of abdominal woollen or 
flannel belts (so-called ‘cholera belts’) is much abused; they are 
useful, however, to people with a tendency to intestinal disorders. 

It should be remembered that when clotliing is wet it is a good 
conductor of heat, and hence the risk of sitting down in damp 
clothes. Clothing should not be too hea\y, nor too tight-fitting. 
Ladies should not wear too heavy skirts, which congest the pelvic 
viscera. 

A silk hat and frock-coat have still to be worn by men at official 
functions at midday, but the custom is unfortunate, and may 
perhaps in time disappear. 

Houses, Offices, etc, — Buildings should never be painted white 
or blue, but should be of a dark red colour. The amount of light 
admitted to a room should be restricted, and care should be taken 
that reflection from the ground into the room does not take place. 
Beep verandas, without which no building in the tropics is com- 
fortable, are of the greatest value in controlling the light, as are 
tatties or tats made of grasses and wood, and jalousies. 

Rooms should be capable of being cooled by punkahs or fans, and 
should be lit with electric light whenever possible. Ice-blocks are 
very useful in very warm weather or at meetings, or in sick-rooms. 
The walls of rooms should be painted rose-colour, not white. 

Damp courses are required in theHtfopicC as walls are apt to 
absorb moisture and become very damp. Round roof-tiles and 
ventilated double ceilings are necessary to keep off the sun’s rays. 

Roads. — Roads should be protected from the glare of the sun 
by shade-trees — that is to say, trees with spreading branches — 
while plots of green grass are most valuable in towns. There is not 
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the slightest doubt that red roads are the most comfortable for the 
eye and soothing to the nervous system, and that white roads are 
exceedingly trying to both. 

Avoidance of the Midday Heat. — If possible, travelling and 
muscular exertion should be done in the early morning or late 
afternoon, and avoided in the middle of the day, when a siesta is 
most benelicial. The absurd custom of making social calls at 
12 noon in certain parts of the tropics should be discouraged, and a 
more reasonable hour substituted. 

Avoidance of Alcohol. — ^Alcohol should never be taken before 
the sun goes down, for it unfits the individual for work, and is the 
most important predisposing cause of sunstroke. 
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TROPICAL FOODS 


Preliminary Remarks — Rvoliiliuii — Chemical composition — Quantity—* 
Oiialily— Tropical food materials — Calculation of diets — Low protein 
dietaries— Citami ik ^ - Lipoi ds — Li Itle-known matters — References. 

PRELIMINARY REMARKS. 

It is not our ])uit>osc to attiuript to gi\T' an account of the foods 
found in \ anoiis tropical regions, but merely to give a brief summary 
of sonn; of the. inore im])ortant facts known to us with regard to 
tropical foods and their effects upon man. 

The subject owes much to tlu; labours of McCay in India, while 
Wilson in Egypt has shown liow this work can be extended to other 
parts of the tropics. 

We will begin hy tracing brietly the origins of foods as far as we 
know them. 


EVOLUTION. 

At the present time human loud is everywhere more or less cooked, and it is 
iMrc for mankind anywhere to eat, even for a limited p(T'od, absolutely raw 
materials. Ur. Campbell, in a most interesting manner, has tra,ced the evoho 
tion of man’s diet. He di.stiiigiiishes first of all the pre-cookery epoch, during 
which evolving and primcv.il man lived upon raw materials, unaltered by any 
of the chemical ami physical jirocesses involved in cooking; secondly, tlie 
cookery epoch, which may he subdivided into the pre-cibicultural and the 
cibicultural eras. In tlie former, although lie cooked his food, man did not 
cultivate vegetal foods, nor did lie rear animals for purposes of food. During 
this period vegetal foods wcnild probably be used in greater quantities than 
before, as they are easier to obtain than hunted animals; and, also, because 
the processes of cookery, by br(;akiiig up the cellulose, rendered them more 
easily digestible and absorbabie, and tlierefore more nutritious, as well as 
more palatalile. Just as we have alread}^ poiriled out that certain tribes have 
remained in the status of the Stone Age almost to the present day, so certain 
tribes — -e.g., the Bushmen of Africa, the true Voddahs of Ceylon, the Anda- 
manese of the Bay of Bengal, and the aborigines of Australia — have remained 
in this pre-cibicultural era. The.se peoples obtain tlieir foods from all sorts of 
animals — e.g., worms, centipedes, Hies, caterpillars ants, etc. — as well as from 
game, while their vegetal foods arc collected and stored, but they have never 
learned to extract any chemical substance — c.g., sugar — from their vegetal 
foods. Probably this is one of the reasons why they prize honey so liighly. 
In the cibicultural era man cultivated his vegetal foods, and reared domestic 
animals for the purposes of animal food, and here again his vegetal feeding 
increased in amount, as this food was the cheapest and easiest to produce. 
Here again rose the urgent need for salt, to which we have already drawn 
attention in the account of the migrations of negro tribes. 

The arts of cultivation and domestication became gradually dispersed over 
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the world, but to-day it is exceedingly difficult to trace the means by which 
this diffusion took place, though it is probable that much of it was due to 
Aryan invasions. 

Primitive wheats can be found growing wild in Palestine to-day, and it is 
probable that the home of this cuJtiviitioii was Mesopotamia. It also seems 
likely that the art of bread-making -was known to the Chaldeans and to the 
Egyptians some three thonsand and more years before the commencement 
of the present era. 

According to Tibbies, rice cultivation was in existence in China some three 
thousand years before Christ, and was introduced into India by the Aryan 
invasion. From India it passed into liurope with Alexander the Great’s 
army in 334 n.c., and from Europe it w<is introduced into America in the 
lifl.eenth and sixteenth centuries. 

/laize, on the other hand, was li.st cultivated in America by the ancient 
inaabitauts of Mexico and Peru, and was brought by the Spaniards to Europe, 
and has gradually found its way all over the world. 

Millet appears to iiave been cultivated from very ancient days in Africa 
and Asia, and oven in the Stone Age it had extended into Middle and Southern 
Jiurope. 

Beans were first cultivated by the .\ryans, but the haricot Iican comes from 
South America, wliilc lentils are of prehistoric origin, and spinach was appar- 
ently cultivated by the Modes and Persians. Onions possibly originated in 
India, wliile the potato came from Chile. 

Fruit-growing is not as ancient as cereal cultivation. 

The domestication of animals enabled man to obtain meat without being 
compelled to roam over large areas in search of wild game. Man is omnivorous 
and desires greatly to eat meat, but wdien this is unobtainable or in too small 
a quantity to supply the needs of the population, as in the present war, he 
eats tint foods which are avMilal)le. .ind is thanklul, even though they are not 
those after which his stomach hankers. 

The reason why man iii ICasiern countries eats so much rice must be sought 
for in the overpopulation of th'c Eastern Asia of long ago, when the great 
food tlihiculiies began thos(‘ larg(‘ movements of peoi)les which we have noted 
in C ha] iter II. 

d'o-day Crovemments ]))a.ce ]ieopk‘s on meatless days and give them food 
tickets, and tlie peo]il(‘s ob(‘y willingly because they iniderstand the reason, 
but it might lia\'e lieen extremely dangerous for a tlespotic monarch of 
]".aslern Asia to have issued orders of tliis natur^' long ago. The ruling powers 
of those days must have invoked the aid of the religious sects, who, being 
feared and respc^ctetl by tlie people, were obeyed; and lo-da.y these religious 
maxims are still in force, and the people avoid animal food, although the over- 
population on account of wliich the rulers probably originated this custom 
has ceased to exist. 

During historic days man has attenqited to improve the uppearance, the 
smell, and the taste of his food by all sorts of devices, which vary in different 
countries. These rehnenients include condiments and colouring matters, 
and form part of the basis of the science and art of modern cookery. 

But man desires not food alone, but something to cheer and exhilarate him 
when he feels ill or depressed, and when he wishes to celebrate some occasion; 
and hence in all countries some fo.m of stimulating liquid is to be found, 
oe it in the f<u-m of tea, coffee, or cocoa, of malt liquors, wines or distilled 
spirits, and all these are of great antiquity. 

Early dealers in food materials soon learned that it was proJitable to adulter- 
ate tlu'ir mojchandise, as this could be done with impunity. Of late, legisla- 
t on, aided by chemical, physical, and pli^^siologieal research, is endeavouring 
to insure that foodstuffs shall be pure, though wdth regard to some foods, such 
as milk, the standard is far from perfection, and I'-ertainly in the tropics mixed 
milk can rival sewage in the numbers of its organisms. 

With regard to quantity and composition of primitive foods, naturally but 
little is known, and this little is entirely due to McCay, who has investigated 
the dietary of the primitive peoples of Chota Nagpur in Bengal. Among 
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these there are peoples who have begun to cultivate the ground, while others 
still live upon the food which they can gather. Thus the Dravidian Mundas 
and Uraons eat insects, lizards, snakes, rats, jackals, and pigs — or, in other 
words, anything which they can catch. Their daily dietary is composed of 
protein 8o grammes, carbohydrates 500 grammes, and fats 50 grammes, which 
pro vi des calori es 2 , 800 . 

The Todas of the Nilghiri Hills live upon milk, the meat of buffaloes and of 
such animals as they can kill or capture. They take no vegetal food, and 
hemee, like the carnivora, require no salt, which is an essential to vegetal 
feed('rs in order to prevent acidosis. 

The Bushmen of South Africa and the Bedouin of Arabia are meat eaters. 

The necessity for food is to provide heat and energy, and to form 
new bodily tissues, as W(dl as to make* good the wear and tear of 
existing tissues; and to do this a community requires pure water 
and plenty of it, and good and varied foodstuffs in quantity pro- 
portional to the numbers of the i)opulation, a fact wliich tlie present 
war has made clear to nearly cvvry family in tlu' chalized regions 
of the earth. 

Dietetics are based upon chemical and ph3^siological considera- 
tions, into which \vc will now inquire very briefl^x 

CHEMICAL COMPOSITION. 

In order to meet the ngjuircuK nis of the body, foods must be 
composed of the same essential chemkad substances as that bod^a 
They are therefore! mad(‘ up of ])roteins, carboli^Tlrates, fats, miiKTal 
substances, and wate r, but these alone are insufficie!nt to keeq) the 
body in health, and they must be associated with vitamines and 
lipoids or nitrogenous fats. 

Proteins ma 3^ be obtaiiie'd from the muscles, bones, and organs of 
animals uscal as food, also from animal prodneds such as milk and 
eggs, while the many x’egetal substances, but particularh^ legumes, 
nuts, and cereals, also provide^ this valuable food constituent. Their 
primary \’alue is as tissue formers, and tlieir secondar}^ value as 
heat-energy producers, but all proteins are not of equal valiu‘, as W(' 
shall see later. 

Carbohydrates arc chiefly of V(!getal origin, and are principally 
of value as heat-energy }>roducers. 

Fats are widely distributed both in the animal and in the vegetal 
kingdoms, and are essentially heat-caiergy producers, whilc^ tlic 
Lipoids or nitrogenous fats are indispensable to man, though their 
exact use is not known. 

Mineral Substances are com])oiinds of sodium, potassium, calcium, 
magnesium, manganese, and iron, cither with carbonic, sulphuric, 
phosphoric, and silicic acids, or with accTic, citric, malic, oxalic, and 
tartaric acids, or with chlorine or fluorine. They produce no heat 
or energy, but are essentials for luiilding up the fluids and tissues 
of the body, in which they represent some 5 or 6 per cent, of tht! total 
weight. 

Water, forming some 58-5 per cent, by weight of the human body, 
is an indispensable. 
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Vltamlnes are nitrogenous complexes, which are essential for the 
growth or the well-being of the organism. 

The food materials may therefore be classified into the great 
tissue-forming protein, aided by salts and water, and the great heat- 
energy producing carbohydrate and fats, aided by protein, and 
essentials, the work of which is not understood — viz., vitamines 
and lipoids. 

As the heat and energy can be expressed in terms of the calorie 
(or large calorie written with a capital C), which is the amount of heat 
necessary to raise the temperature of i kilogramme of water one 
degree centigrade, and as protein is the essential tissue -former, it 
follows that in calculations as to a diet two matters stand out — viz., 
the quantity of protein in that diet, and the number of calories 
which can be obtained therefrom. 

Water has a food value of i in r,ooo, and should be freely avail- 
able, and salt is usually easily procurable, though we have lived in 
parts of the tropics in which neither were easily obtained. 

Vitamines and lipoids we cannot measure, and at present we are 
merely concerned with their presence. 

Therefore, from a practical point of view, the quantities which 
require calculation are the amount of protein in a diet and the 
number of Calories, and this brings us to the subject of quantity. 

QUANTITY. 

The only accurate method of determining the quantity of the 
various food factors of any given diet is by means of the respiration 
calorimeter, in which the work done, the heat generated, and the 
waste products eliminated, are expressed in terms of the Calorie, 
which, in energy, is the equivalent of 1*54 foot tons, or, in other 
words, represents that amount of mechanical energy which is required 
to raise i ton in weight 1*54 feet in height. 

When the respiration calorimeter is not available, the quantity 
of the total food consumed by the person or persons under observa- 
tion should be carefully weighed and records made. Then samples 
of the various constituents of this diet should be analyzed, with the 
view of determining the quantity of protein, carbohydrate, and fat 
contained therein. 

With regard to the Calories produced by these various factors, 
Rubner’s experiments upon animals enabled him to enunciate the 
so-called isodynamic law, which states that 227 grammes of protein, 
or carbohydrate, yield 930 Calories on consumption in the body, 
ana that this is the same as the heat so produced by 100 grammes of 
fat, and therefore 227 grammes of protein, or of carbohydrate, are 
isodynamic with 100 grammes of fat. In other words, i gramme of 
protein produces the same amount of heat as i gramme of carbo- 
hydrate — viz., 4*1 Calories, while i gramme of fat gives 9-3 Calories. 

It may, perhaps, be incidentally noted that i gramme of alcohol 
produces 7*0 Calories. 


7 
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Standard diets expressed in grammes have been determined for 
an average strong healthy man weighing some ii stone (68-70 kilo- 
grammes) and living under average conditions of work in the Tem- 
perate Zone. The following table gives some examples of these 


standards ; — 





Observer. 

i 

i Protein. 

Carbohydrate. 

Fat. 

Calories 

Ranke 

100 

240 

100 

2,324 

Voit . . 

.. 1 118 

500 

56 1 

3,055 

Rubner 

. . 1 127 

509 

52 { 

3,092 

Moleschott . . 

130 

1 550 

40 

i 3,160 

Atwater 

325 

' 400 

1 

125 

3,315 


As these diets an^ on the man value, it is necessary to have a table 
showing the values of children and women in t rms of this man 
value. Such a table as made by Greenwood and Thompson is given 
below ; — 

„ . _ -- — 

Atwater’s Coefficients. Intcr-Allicd Food Commission. 


Ages. 

' Man 

1 Value. 

Ages. 

Man 

Value. 

0 to 3 . . 

0*4 

0 to 5 

0*3 

6 to 9 • • 

0*5 

6 to 10 ■ 

O’ 7 

10 to 13 

14 to 15: 

0*6 

1 3 and oN't r : ' 

Males . . 

j 0 

Males 

Females 

00 

b b 

Females 

0-83 

16 and over: 



Males 

1*0 1 

' 


Females 

0*8 

1 


All children, conil)ined 

0*51 i 

1 i 

All ciiiidren, eo - ' 

O’ 08 

ages 

bined a^es, j 



These figures may be compared with some Indian dietaries given 
by McCay : — 


Class of Person. 

Protein . 

' Carbohydrates, 

Fats. 

Calories. 

Cultivators . . 

52 

475 

25 

2,390 

Poor middle 

50 

400 

50 

2,310 

Middle 

70 

300 

90 

2,350 

Better . . . . 1 

85-100 

300-.100 

150 

950-3, 450 

Bengali prison diet . . 

93 

! ' 093 ; 

30 

3,500 


In Egypt, Wilson has inquired into the food of a Bedouin, and 
found that large quantities of rice and milk were used, while meat 
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was eaten once a week in the winter and only once a fortnight in 
the summer, and lentils eaten in the winter were rarely used in the 
hot weather, being replaced by extra rice. About ^ pound of butter 
was taken in the winter, but less in the summer. Bread consisted 
of a mixture of two parts of dura and one part of wheaten flour, 
but on desert journeys was made entirely from wheat. Onions and 
cheese were also used. 

He investigated the diets of two Egyptian men, with the following 
results, which, however, are complicated by the fact that they are 
calculated from the amount used by the famil\^: — 


Egyptian Men. 

Protein. 

i'arbohydraie. 

Fat. 

Calories. 

Strong and healthy 

89* 1 

628*0 

• 47*5 


N'ot very robust 

82*0 

520*0 

49*0 

2,870 


Perhaps the best practical test is the British war ration, which, 
according to Lelean, was inadequate in the South African War, 
producing loss of efficiency from neurasthenia and debility, as was 
afterwards proved by experimental marches performed upon it, 
but which, in 1913, was altered to one containing a high amount of 
protein, which, indeed, is required to meet the needs of tissue repair. 
It is as follows : — 


Protein . 

Carbohydrate. 

Fat. 

Calories 

175 

218 

515 

4.^55 


We have already invited attention to the possible simplification of 
these tables, and have shown that the essentials are the protein and 
the Calories, and now we will see how Atwater applies this method 
for determining the diet of a man doing various kinds of mechanical 
work : — * 


Nature of Work. 


Rest 

Light work 
Moderate work 
Hard work 


Protein. 

Calories. 

100 

'2,'JOO 

112 

3,000 

125 

3 oo^ 

150 

4,500 


In Japan, Oshima found that a jinricksha-man doing^hard work 
consumes different foods during his p^iods of work and rest. 
During work he eats large quantities of rice, and during rest quanti- 
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ties of fish, eggs, beef, and pork. He consumes about 20 to 30 
ounces of beef or mutton per diem, which works out at 158 
grammes of protein and 5,050 Calories. 

Light-worked Japanese require 100 grammes of protein and about 
3,000 Calories per diem. 

In India, McCay determined the amount of nitrogen excreted 
daily in the urine, and adding to this the other metabolized nitrogen 
mentioned above, and converting this into terms of protein, obtained 
the absorbed protein, which, he calculated, was 75 per cent, of the 
dietary protein. 

For example, th(‘ urinary nitrogen being 6 grammes, which is the 
equivalent of 35-5 grammes of absorbed protein, adding to this 
the other metabolized nitrogen and 25 per cent, for that lacking, 
he concludes that the average rice-eating Bengali of 50 kilogrammes 
weight only uses 55 grammes of protein per diem— or, in other 
words, lives on a poorer protein sujiply than any other race investi- 
gated. 

Further, this rice-eating Bengali exemplifies on a large scale the 
results of Chittenden’s experiments, and as claimed by this experi- 
menter, should exhibit good hodily health, great working power, and 
freedom from disease, whereas he shows none of these traits, and, as a 
matter of fact, the reverse is true. 

Our own experiences of Chittenden’s dietary in the tropics is that 
the experiment, if continued sufficiently long, lowers the resistance 
of the body against disease ; and this can scarcely be surprising, as he 
maintains that 0'i2 gramme of nitrogen pc^r diem per kilogramme 
of body weight is sufficientj^'to keep a man in health, lliis is certainly 
not so in the tropics. And we doubt its general application to 
temperate and cold climates, where one would exjiect more food to be 
required. 

Chittenden’s figures of the nitrogen metabolized per kilogramme 
of body weight may be compared with Voit, McCay’s, and Oshima’s 
figures as follows : — 


Bengalis and Ooriyas (rice diet largely) 

.. 0*II6-0*I20 

Chittenden . . . . . . " 

0 I20-0«I30 

Beharis and Eastern Bengalis . . 

o*I40-o*i6o 

Japanese poorer classes 

0*177 

Nepalese 

O' 1 80-0*250 

Sikkim Bhutias 

) 

0 

u- 

b 

Average European . . 

0*270 

Thibetan and Bholan Bhutias . . 

’ • 0*350 

Nepalese Bhutias 

0*420 


Indeed, McCay found that Indian dandy carriers, Indian 
rickshaw-men, and Indian coolies performing exceedingly hard 
work, did so on a diet containing 175-200 grammes of protein 
and 6,300-6,500 Calories per diem, whereas the British Army 
ration mentioned above only allows 175 grammes of protein and 
4,855 Calories. 
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It will be noted that nothing is said in these diets as to the quan- 
tity of the food digested and absorbed into the body, as it is from 
this alone that tissue-formation and heat-energy production can 
take place — or, in other words, we require to know something as 
to the quality as well as the quantity of the food supplied in 
a diet. 


QUALITY. 

In this section we desire to know the amount of any given food 
wl'.ich is absorbed, and is therefore available for use in producing 
heat, energy, and repair. 

The amount which is capable of being digested may be determined 
by artificial digestion of a sample, but though said to give good 
results, it is hardly reliable as to absorption. 

A better method is to begin by giving the person to be experi- 
mented upon a dose of charcoal, and after a few hours to administer 
a given quantity of the food to be tested of which the protein, 
carbohydrate, and fat factors are known. The faeces are in due 
course carefully collected and weighed, and the total amount of 
nitrogen and of fat determined. From the nitrogen, after deducting 
0*5 gramme to allow for the daily amount of excreted metabolized 
nitrogen, can be calculated the amount of protein in the faeces, and 
this deducted from the amount of protein in the food gives the quan- 
tity absorbed. 

The fat is deteriiiined in the same way by ether extraction, while 
the carbohydrate is obtained by calculation. 


Nature of Food. 

Protein. 

Carbohydrate. 

Fat. 

Mixed diet : 


i 1 


Total foods 

0 - 

97 

95 

Animal foods 

97 

98 1 

95 

Vegetal foods 

84 

97 

90 

Meat and fish 

97 

98 

95 

Kggs ; 

97 

98 

95 

Milk, cheese, etc. . . ; 

97 

98 

95 

Cereals 

83 

98 

90 

vStarches and sugars . . . . ’ 

- - 

98 

— 

Legumes (dried) | 

, 8 

97 

90 

Vegetables . . • . j 


95 

90 

Fruits . . . . • • 1 

85 

go 

90 


Langworthy gives the table above showing the coeMcients of 
digestibility or the amounts per cent, of the foods which were 
digested. It must be remembered that by the word ' digestibility ' 
as used in dietetics is meant not ' apparent digestibility,’ or the time 
a food requires to pass through the stomach, but ' actual digesti- 
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bility/ which is the quantity of a given food which is absorbed, 
from which alone tissue formation and heat energy can take place. 

Benedict, taking into account this factor, together with the work 
done, gives the following table: — 


Nature of Wovh. 

Total 
Protem . 

Digestible 
Protei n . 

Calories 

Light . . 

100 

92 

2,700 

Moderat e 

J13 

105 

3-300 

TTard . . 

^75 

160 

5.500 


It will be noted that the British Army ration is below Benedict’s 
hard-work calories by 745. 

So far we have been writing as though all proteins were of equal 
value, but they are not, as the researches of Rubner and Thomas 
have shown. 

The minimum quantity of protein required daily, so that a man 
of average weight may live without drawing upon the proteins in 
his tissues, is 30 grammes of animal protein — ^that is to say, protein 
derived from meat and eggs. 

To reproduce this value, 34 grammes of rice protein and 102 
grammes of maize protein are required. 

This factor is calh d the biological value of protein, and so far as 
we know has only been studied by its authors and by Wilson in 
Egypt, as set forth below ; 


joo Grammes of Ju^od \ 

A vailahle 

1 Hiological Value 

Absorption Co- 
efficient calcu- 

Material. 

Protein. 

of Protein . 

lated on Avail- 



able Protein. 

Meat 

IQ-OO 

ig*oo 

95 

Wheaten Inroad , . 

5*00 

2*00 

75 

Millet bread 

3-40 

1*36 

55 

Rice 

6-50 

6*00 

80 

Lentils . . 

19*30 

: 10*70 

70 

Beans . . 

i8*Go 

10*30 

70 

Fresh vegetables 

1*00 

0*50 


Dura 

7*8o 

2*30 

75 

Millet 

4-45 

1*78 

55 

Milk (buffalo) . . 

5*90 

; 5*90 


Dried date.s 

1*90 

0*90 


Fill Sudani (shells 

19*00 

10*50 

1 70 


Wilson gives the following table of the diets in use at Egyptian 
prisons, with suggested modifications; — 
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Details. 

Avail- 

able 

Protein . 

Biologi- 
cal Value 

Protein . 

Protein 

from 

Animal 

Sources. 

Pal. 

Available 
Carbo- 
hydrate 
Gross, 
less Five 
per Cent. 

Fnergy 
Value in 
Kilo- 
Calories. 

Hard labour diet: 
Before 1898 

72*9 

.. „ . 

37*0 

8*28 

29*7 

524*0 

2,786*0 

1898-1899 . . 

77*0 

30*5 

6*89 

86*0 

569*0 

3.436*0 

1900-1905.. 

74*0 

37*5 

6*0 

56*0 

546*0 

3,056*0 

1905 (wheat bread) 

9bM) 

57 * « 

22*5 

46*0 

547*0 

3.058*0 

1 01 1 (millet bread) 

83*0 

33*34 

22*5 

46*0 

521*0 

2,987*0 

Suggested . . 

89*2 

45*28 

7*0 

48 *() 

588*3 

3,218*0 

Ordinary labour diet : 




1898-1899.. 

68-5 

34*5 

6*0 

56*5 

529*5 

2.978*5 

1900-1905 . . , . 

57*1 

25*4 ' 

2*5 

48*0 

460*0 

2,561*0 

1905 (wheat bj^cad) : 

82*7 

44*2 i 

6*0 1 

33 *'’ 

553*0 

3,010*0 

igii (millet bread) 

6 ( 9*7 

3«7 1 

6*0 . 

43 *^> 

526*0 

2,844*0 

Suggested 

78-175 ' 

40*95 

3*0 < 

17*8 

522*7 

2,86i*o 

Non-labotir diet : 




1898-189(9 . . 

49-0 

21*5 


38*3 ’ 

404*0 

2,2i6*5 

1899-1905 . . 

42*8 

20*0 


28*3 

345*0 

1,890*0 

1905 (wheat bread) 

70*2 

35*4 


3 7 *^^ ' 

499*0 

2,680*0 

19 1 1 (millet bread) 

59*2 

31*2 

1 

37 *« ; 

480*0 

2,556*0 

Suggested . , 

65*29 

32*9 


36*0 ; 

450*5 

2,442 0 

Bread diet. 1898-1914 

38*0 

16*0 


12*0 ! 

375*0 

1,803*0 

Millet bread diet, ic)i 1 

28*0 

1 1*0 


12*0 ! 

354-0 

1,679*0 


Starling has recently drawn attention to the fat factor in the diet, 
and concludes that if the Calorie value of the total diet is sufficient 
there is no evidence of a physiological minimum, but the human 
alimentary canal has become so accustomed to fat that it requires 
this factor in the following ratio: — 


Age in Years. 

Total Calories 
per Day. 

Fat in 
Grammes. 

Fat Calories 
per Cent, 
of Total. 

0 to 6 

Kjrrui>i>. 

1,650 

Net. 

1,500 

62 

35 

6 to 10 . . 

2,310 

2.100 

62 

25 

10 to 13 . . 

2.750 

2,500 

74 

25 

13 to 20: 





Males 

3.300 

3,000 

88 

25 

Females 

2,750 

2,500 

1 ‘ 74 

25 

Adult average bodily 
workers : 





Males 

3.300 

3.000 

70-8S 

20-25 

Females 

1 2,750 

2,500 

60-74 

20-25 

Adult sedentary workers : 



j 

Males . . . . 

I 2,750 

2,500 

60-74 

20-25 

Females 

2,200 

2,000 

47-60 

1 

20-25 

Adult very heavy bodily j 




workers . . • • 

3,900 to 5,000 

i 12-160 

30 
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Chalmers Watson found by actual analysis that the daily dietaries 
of eight healthy English children between four and six years of age 
contained protein 71 grammes, fat 67 grammes, carbohydrates 
198 grammes, and yielded a total of 1,725 Calories. 

A most important matter is that food must be made tasty, and 
should be well cooked and look nice — matters of great importance 
in armies. 

As emphasized by Rho, in making a dietary the racial food peculi- 
arities, which are, after all, adaptations to climate, should always be 
taken into consideration — e.g., the beef-eating British soldier requires 
a different dietary from that of the soldiers of Southern countries. 

TROPICAL FOOD MATERIALS. 

Excluding the work of McCay and of Wilson, there is very little 
information available as to the chemical composition, the biological 
value, or the absorptions of tropical food materials. 

Wheat. — Tliis is a very important cereal in many tropical places. The grain 
is ground between small hand -moved stones and the bran removed by sifting, 
while the meal contains the germ and the endosperm. Wheat and barley 
are often mixed, while poor samples may contain gram, maize, linseed, etc. 
McCay finds that the absorption of wheat in India amounts to about 80*5 per 
cent, of the protein contained in all the elements of the wheat grain, including 
the germS' — everything, in fact, except the coarser parts of the bran. 

In the modern steel-roller milling both bran and germ are removed and the 
flour is composed solely of endosperm, of whicli the central portion, poor in 
protein and rich in starch, forms the patevis, and the remaining part household 
or bakers' flour, while the flour from the whole wheat is called Graham, and 
from the entire grain — i.e., with germ and semolina — is standard. 

Rice. — Turning now to the con.sideration of certain articles of food in 
common use in the tropics, one of the most important is rice, because it is 
widely used throughout the East, where it is believed to be consumed by 
over 400,000,000 Indians, Chinese, Japanese, and Malays, and because it is 
very deficient in protein material, and for this reason has fo be consumed in 
large quantities in order that a sufficiency of this important factor may be 
obtained . Unfortunately dry rice absorbs water very greedily, and is increased 
by boiling in water to five times its original buik. Further, its progress 
through the stomach is slow, and therefore it not mereb' distends, but keeps 
this organ distended for some hours. 

Rice is, however, well digesf ed in the intestines, nearly all the starch being 
absorbed, while the jirolein absorbed varies from 45’ 76 to 84 per cent. This 
lack of absorption of protein leads, therefore, to a loss in the nitrogenous 
value of the rice, and, indeed, is the chief method of loss of its nitrogenous 
value, as but little disappears during cooking. The percentage of nitrogen, 
absorbed from a rice diet has been shown by McCay to vary directly with 
the quantity of the rice. Thus, in a mixed diet containing 32 ounces of rice 
^*55 grammes of nitrogen, or 45*76 per cent., were absorbed; while the same 
diet, with only 20 ounces of rice, showed 8-40 grammes of nitrogen, or 68*33 
per cent., to be absorbed. From this it will be evident that mixed diets 
containing large quantities of rice tend to a low standard of protein absorption. 

There are two kinds of rice commonly met with, viz. : — 

(a) The Indian, country rice, or paddy, variously described in medical 
papers as ‘ cured,' ‘ stale,’ ’ unpolished,’ or ‘ parboiled ’ rice, which is prepared 
by soaking in water for twenty-four to forty-eight hours, and then steaming 
in cylinders, and finally drying by exposure to the sun. This rice is yellowish- 
brown in colour, and carries attached to it the outer layers of the grain, 
while it -has not lost much of its protein in the process of preparation. 
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(b) The Burma, Rangoon, or white rice, also variously described as 
‘ uncured,* ‘ milled,* or ‘ polished * rice, which is prepared by milling the un- 
husked paddy until the husk, the pericarp, and the surface layers of the 
seed are removed, which results in the production of a nice clean white grain, 
partially denuded of its outer layers and to some extent of its protein. 

At the present time many authorities believe that the differences between 
these two methods of preparation of rice are the explanation of the etiology 
of beri-beri, as they believe that the latter method, by separating the sub- 
pericarpal layers from the rice, deprives it of a substance which is absolutely 
necessary for the health of the human body. 

Maize. — With reference to this much-abused and excellent food, which has, 
in our opinion, been wrongfully accused of causing pellagra, we may briefly 
state that it is prepared for food by cr Jshing between millstones or milling by 
machinery to produce maize meal, which can be made into unleavened 
bread {porous bread cannot be made, because of the absence of the gluten 
found in wheat-meal), into porridge or polenta . Often, however, it is roasted, 
and eaten with butter and salt. 

In general, about 74 to 88 per cent, of its protein is absorbed, and, as regards 
India, McCay says that it is decidedly superior to all the cereals experimented 
upon, with the exception of wheat. Woods says that it is wholesome, cheap, 
and well suited to its numerous uses as a food material, and provides a greater 
return in protein, carbohydrates, and energy for the same outlay than any 
other cereal. 

Millet. — The sorghums, or millets, according to McCay, show a very defec- 
tive protein absorption — e.g., Sorghum vulgarc 53 per cent., and Pennisetum^ 
typhoidcum only 49*4 per cent. 

Legumes. — The legumes are extensively used in the tropics, and among 
them come the dais, or dhals, of India (Cajanus indicus, Ervtnn lens Linn., 
Cicer avietinum Linn., Pisum sativum Linn., Phaseohis radiatus, PJi. mungo, all 
belonging to the LeguminosaD), which are allied lo the European pea, and all 
contain a high percentage of protein, whereby they occupy an important 
position in the food of tropical peoples. They are utilized by being ground 
into meal, from which unleavened bread, porridge, or sauce is prepared, or 
they are simply dried (parched) and eaten in this condition. 

They resemble rice in absorbing a large quantity of water when cooked, and 
so becoming bulky, but they differ from this and other food materials in that 
they are less thoroughly digested. Moreover, their addition to diet lowers 
the percentage absorption of all the food factors, but especially that of the 
protein factor. 

McCay considers that these dhals produce a great waste of nutriment, in that 
2 5'42 per cent, of the nitrogen of the food appears in the faeces of Bengalis, 
while only 15 per cent, appears in that of Europeans on a vegetable diet. 
Moreover, he considers that they are a factor in the production of the bowel 
disorders so common among the Bengalis. 

Wilson has recentl}’’ performed much excellent work in investigating diets 
in Egypt. He gives a table of food values, of which the following is an 
extract: — 


TOO Grammes of — 

Available , 
j Protein. ' 

Available 

Carbohy- 

drate. 

Fat. 

Calories. 

Cost in 

1 MilHemes. 

Millet bread 

3*4 

45*0 

1*5 

212-5 

0-6577 

Dura 

7.8 

b5*5 

54*0 

344*3 

0*82 

Soya bean meal . . 

32-0 

28-5 

2*1 

269-0 

0-80 

Dried dates 

Ffil Sudani 

1-9 

47*0 

0-6 

253*0 

2-44 

1-787 

(shelled) . . 

19*0 

i6*8 i 

45*0 

562-0 
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CALCULATION OF DIETS. 

In the calculation of diets it appears to us that two important 
matters must be considcTed— viz., the quantity of protein and the 
number of Calories. 

With regard to protein, having obtained from the tables of analy- 
sis the available p) olein in the food, it is necessary to determine its 
biological value and the quantity of the absorbed protein, and from 
this the Calories can be calculated. The fat and carbohydrate 
present no difficulties, except that it is necessary to know the quan- 
tity of the available matter which is absorbed. Having obtained 
the quantities absorbed, the matter is simple arithmetic. 

Protein : fat : carbohydrate :: 5 : 3 : i. 

Having done this, certain facts must be considered. It is neces- 
sary to remember that the figures given for Europe will not apply 
to the tropics, and that as a rule they do not represent a minimum, 
and that no diet should be based upon a minimum. 

Wilson has invited especial attention to the quantity of protein, 
which is not a producer of energy until the carbohydrate and fats 
are used up, but repairs wear and tear or is stored up as fat or carbo- 
hydrate. 

The nearer the quantity of protein is to the minimum, the longer 
will the organism require to rebuild damaged tissue and the less 
will its powers of resistance be against disease. He states that 
excess of protein will mean increased heat production, and therefore 
in the tropics, where there is a cold season, two diets should be in 
existence — viz., one with less protein for the hot weather, and one 
with more protein for the cool weather or cool regions. 

If this is not done, then the increased heat must be got rid of by 
radiation and conduction, and this can be obtained by natural or 
artificial breezes or by exercise, when the extra heat of muscular 
exertion will be dissipated by sweating. 

He also draws attention to the low biological values of the vegetal 
proteins, which are less well absorbed than arc the animal proteins, 
a fact which he thinks is due to the structure of the food materials 
rather than to the nature of the proteins. 

His conclusion with regard to protein appears to us to be worth 
quoting. 

' A minimum amount of protein is required daily, over and above 
which a certain excess is desirable; this minimum is different for 
different proteins, and is measured by the biological value of the 
protein. In determining, therefore, the requisite amount of protein 
it is essential to take into consideration the biological value of the 
protein components of the diet, and fix the daily quantities on this 
basis rather than on the nitrogen content. In determining the 
amount of protein the defective absorption of vegetable proteins 
must be allowed for.' 
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'We would add that care should be taken that vitamines and lipoids 
are present in the dietary, and that the former are not destroyed 
entirely by cooking. 

Water should be freely supplied in tropical towns — e.g., Calcutta 
and Peshawar allow 4*15 gallons per head per diem of filtered water, 
but many tropical towns are not so well provided, and the minimum 
in the tropics for drinking purposes should be 3 to 4 pints per head 
per diem. 

Salts are also of great importance, and usually present in the 
food, but with much vegetal food addition of ordinary table Scilt 
is necessary. 

LOW PROTEIN DIETARIES. 

In tropical lands there are many peoples who live mainly upon 
cooked cultivated vegetal foods, with but little admixture of animal 
foods, and this is due to force of circumstances rather than to any 
desire of the peoples, who would be glad enough to eat animal food 
if it could be obtained. Among these peoples the protein in the food 
sinks to a very low amount, with, as we shall presently see, a 
markedly deteriorating influence on the race. 

The effects produced by this low protein standard may be illus- 
trated by the following table, which is given by McCay to exemplify 
the differences in the diets of Bengalis as compared with those of 
Anglo-Indians and Eurasians: — 


Food. 


Bengalis 7. 


Bengalis / 1 . 


A nglo- Indians 


I and 

I Eurasians. 


Proteids in grammes 
Carbohydrates in 
grammes 
Fats in grammes 


67* 1 1 

54«-73 

71*55 


43-61 

200-31 

33-92 


86*56 

376*53 

54-75 


McCay, in his excellent works quoted at the end of this chapter, 
has shown that when the protein standard of a tropical dietary is 
very low, then the physique, the capacity for work, the health, and 
the resistance against disease are also lowered, and he has illustrated 
these facts by reference to the rice-eating Bengali. Moreover, he 
has answered his critics in a most able manner, and has demonstrated 
by comparing closely-allied tribtis living under identical conditions 
of climate, solar irradiation, sexual excesses, early marriage, etc., 
that it is the influence exerted by the food, and particularly by the 
proteins of the food, that is all-important in determining the degree 
of muscular power, the general physical endowment, the powers of 
endurance, the resistance to disease, and, most important of all, 
the place which a tribe or race has won for itself in manliness, 
courage, and soldierly instincts. It is impossible to discuss at length 
in this place the facts which he has adduced, but certain important 
results may be briefly mentioned. 
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Thus, he has drawn attention to the great rMerence ju the Euro- 

blood of male BengaUs in India, as compared with t tot ot tne Diooc o 
peans in Europe, as set forth in the following ta i . 


Nature of Observation. 

i Male Bengalis in 

1 India. 

1 Europeans in 

Europe. 

Erythrocytes 

5,300,000 

5,193,000 

Leucocytes 

Q,000 

7.500 

IT ?emoglobi n (I Lddane’s 

81 

TOO 

method) 

0*74 to 0*83 

n ‘<)5 to I*I 

Colour index 

Water 

78*88 

'78-87 

'I'otal solids . . 

21*12 

•21-13 

Proti'ids 

18*26 

19-17 

Salts . . 

1 *06 

0-78 

BloO(i-])rcssur(‘ in liraeliiril 

1 100 millimetres 

CIO to 130 milli- 

by Ki v;i-Ro('cits sphyg- 

Hyg. 

metres Hyg. 

mo]na.noineter 



U;itio of sails in the urine to 

1*2 

2*0 

those in Ihc blood 




llis observations show that loo little protein in the food affects the growth 
of the Bengali boy, who grows n]i slender, and is defective in vigour and 
vitality; and in coniunction with Bannarji, Dutton, and Ghosal, he has demon- 
strated the dilfercnees in the constitutents of the urine in male Bengalis in 
India, as corn])a.red with male Europeans in Europe, as is shown in this table - 


Cnnslihtcni in ihc Urine. 

Male Bengalis in 
India. 

Male Europeans in 
Europe. 

Ouantily 

L177C.C. 1 

1 ,200 to 1,500 c.c. 

Specific gravity 

1,006 to 1,024 

1,015 to 1,025 

Urea . . 

5*56 to 19*68 grammes i 

30 to 35 grammes 


per diem ' 

por diem 

Total nitrogen 

5*9 grammes per diem . 

14 to 18 grammes 

Chlorides 

9*43 grammes per j 

1 5 grammes per 


diem 

diem 

Phosphates . . 

0*95 to 1*4 grammes 

“ 3*5 grammes 

N : p20^ ratio 

j)cr diem 

per diem 

5 or 6 : I ; 

Practically the same 

Uric acid 

0*48 gramme per i 

0*3 to 7 grammes per 


diem 

diem 

Total sulphates 

1*75 to 2*2 grammes 

2*5 to 3 grammes 

Ethereal sulphates 

0*15 to 0*22 gramme 


These are most important conclusions, and we must state that 
our own observations in tropical practice support McCay, and are 
directly in opposition to Chittenden’s observations. We have 
observed that when persons in good health have for some time carried 
out Chittenden’s dietary, the result has often been sharp attacks 
of illness, indicating a lowered resistance to disease. 
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VITAMINES. 

Eijkmann, Gryns, Takaki, Fraser, and Stanton, have shown that 
the uncured, milled, polished, or white rice is deprived of its subperi- 
carpal layers by the processes of milling or polishing, and that these 
layers contain some substance of importance in the prevention of 
beri-beri. This substance is present in the proportion of o*i gramme 
to the kilogramme of rice. Funk has isolated this substance, 
called beri-beri vitamine, from the polishings of tlie rice mentioned 
above, and has determined its diemical composition — i.c., 55*63 
per cent. C, 5-29 per cent. H, and 7*68 per cent. N, which corre- 
spond best to the formula Ci7H^y04N(HN()3) — and has demonstrated 
its power of curing the polyneuritis induced in fowls by a rice diet, 
4 milligrammes being sufficient to cure pigeons. In further re- 
searches he came to the conclusion that the beri-beri vitamine was 
a base belonging to the pyramidine group, and that its formula 
was : — 

Nil s. 

NH / 


It was described as being soluble in water, alcohol, and acidulated 
alcohob as being dialyzable and capable of being destroyed by heat 
at 130^ C,, while the amount present in i kilogramme of rice is 
0-0 1 gramme. 

According to Funk, tliis siil)stance is essential for the metabolism 
of the nervous system, and if it is lacking in a diet it must be supplied 
from the body, and when this fails then symptoms of beri-beri 
appear. 

Beri-beri is, tliercfore, according to general opinion, a deficiency 
disease, and is grouped with epidemic dropsy, scurvy, experimental 
scurvy, infantile scurvy, ship beri-beri, pellagra, and polyneuritis 
of birds. 

All vitamines arc not the same, and the scurvy vitamine appears 
to be different from that of beri-beri, being a crystalline substance 
destroyable at 120"^ C. or less, and constant in fresh potatoes, onions, 
cabbages, apples, lemons, limes, and lime-juice; and being less stable 
than that of beri-beri, is only found in the fresh condition of vege- 
tables and fruits. 

Ihere appears also to be a specific growth vitamine, the composition 
of which is unknown. It is contained in milk, and is necessary for 
the growth and development of the child. If the mother suffers from 
beri-beri, as Andrews has shown, there will be great risk of the child 
dying either of beri-beri or some other complaint, owing to defective 
growth and development. 

There is also a suggestion that pellagra may be a deficiency 
disease. 

With regard to the distribution of vitamines, they are present in 
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yeast, milk, cereals, and probably in muscle juice, brain, fish, 
legumes, and fresh vegetables. With regard to cereals, they are 
present in the germ and subpericarpal layers of the bran of wheat, 
in rice bran, and in the pericarp and outer layers of maize. 

Their action upon metabolism is unknown, and it is still doubtful 
whether they assist anabolism as hormones. 

The processes associated with the sterilization and canning of 
foods destroy vitamines. 

Lipoids. — The best known of the lipoids is lecithin, and it is sug- 
gested that they are required to enable amino-acids, fats, and salts 
to enter the cells of the body, and so to form the colloidal substances 
thereof. It is further suggested that mice cannot live on lipoid- 
free food, and that perhaps vitamines are unable to enter the cells 
except as lipoidal compounds, but the whole subject is very nebulous. 


LITTLE-KNOWN MATTERS. 

All proteins contain amino-acids, but these are not combined 
in the same proportions, and it appears possible that a minimum 
thereof is necessary for the growth, if not for the maintenance in 
health, of the organism; but the whole subject is in its infancy, 
and the same holds good with regard to the salts, some of which 
may be necessary for proteins and others for the lipoids. 
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CHAPTER V 

TROPICAL DISEASES 


Prelimilia ry rciiiarks — Evohi 1 ion— C coRiapbica 1 discovery— End emicity 
Epidc'mirity — Eugenics — Incidence^ — Distribnlion- — Prevention — Bcfer- 
enccs. 

PRELIMINARY REMARKS. 

Befopi-: entering upon tlu‘ systematic study of tropicid diseases a 
few remarks may be made ui)on their evolution, the influences of 
geographical discovery upon their dissemination, their endernicity 
and epidemicity, tropical eugenics, the geography of tropical disease 
witli special reference to countries and not to given diseases, and 
finally the iircvention of these diseases. 

It will be obvious that, if these subjects were to be treated at all 
fully, they would require several volumes, each of which would be 
larger than the* present little book; but this is not our object, which 
is to bring siilijects to tlic notice of the tropical practitioncT with the 
view that he may apply them to tlie diseases and peoples by whom 
he is surroimded, and references are given whereby he may extend 
his reading and knowledge far b(‘yond the confined limits of our 
manual. 

All tropical countries are inhabited lyy three different sets of 
inhabitants. Firstly, there are the true indigenous natives ; secondly, 
there are immigrants from other countries; and, thirdly, there are 
the descendants of an admixture of the first two, and generally of a 
European with a native. Such are the Mulattoc s of Central and 
Southern America, the Eurasians or Anglo-Indians of India, and the 
Burghers of Ceylon, and it is our duty to 1 ry to trace out the cause 
of disease and death among these peoples. 

EVOLUTION. 

Auckland (mddes and Adami consider that the Piltdown skull is 
])athological, and that its remarkable thickness and the bold out- 
line of the temporal ridges are to be explained by the assumption 
that its original owner suffered from acromegaly. 

I hc researches ol the late higlily talented vSii* Armand Riifier into pala^o- 
pathology have demonstrated the existence of bilharziosis, inbercnlosis, rheu- 
matoid arthritis, and pyorrhoea alveolaris in Egyptian mummies dating some 
4,000-6,000 B.C., while certainly some of the organisms of disease were present 
then, as he was able to demonstrate the tubercle bacillus in mummies of the 
TweUth Dynasty. 

II2 
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But disease is much older than man, for Moodie has noted the presence of 
arthritis and osteomyelitis in cave bears, of pyorrhoea in early tertiary three- 
toed horses, and caries in Permian fish. 

There can be no doubt as to the great antiquity of bacteria, and it seems 
possible that they performed great geological works in ^he early history of the 
world, and may be largely responsible for the formation of some of the oldest 
sedimentary rocks, in much the same way as Drew’s Bacillus calcis does its 
work to-day in the lagoons of Florida and on the Great Bahama Reef. 

When higher plants and animals evolved, the struggle for exist- 
ence must have compelled minute animal and vegetal organisms to 
seek protection for themselves therein, and at first this protection 
would be used temporarily to tide over some difficulty. 

This being admitted, the parasite would desire an easy method 
of entrance into and escape from the body of the temporary host, 
and hence the common infection of the alimentary canal with 
organisms. 

So long as the chemical substances produced by the metabolism 
of the parasite were innocuous or helpful to the host, there would 
be no reaction on its part against the intruder, and the two would 
live together in peace, as many bacteria do at the present day in the 
liuman alimentary canal, and a condition of commensalism may be 
arrived at. 

Other intruders, on the other hand, might give rise to irritating 
chemical substances which would provoke a reaction on the part of 
the host. And thus liegins the long struggle between the invading 
organism and cells of the host which has produced all those compli- 
cated mechanisms which are gathered together under the term 
‘ immunity.’ The reader will notice that the whole of this struggle 
is adaptation to environment — viz., to that portion of the host’s 
environment in which is centred the invading organism. 

The parasite would naturally attempt to escape from the defensive 
chemical substances poured on to it by the host, and in so doing 
pierced more deeply into the tissues of that host; but now its escape 
would not be so easy as when living in some cavity freely communi- 
cating with the exterior, and hence it would be to its advantage to 
cither kill that host, or, if it failed to do that, to enter some cavity 
communicating with the exterior and suitable for the parasite’s 
existence— the enteric bacilli in the gall-bladder and the pelvis 
of the kidney. 

All these changes of environment would cause variation in the 
protists (protozoan and bacterial j, and, if the same environmental 
conditions acted long enough, then these changes would become 
inherited {vide Adami); hence the origin of the numerous parasitic 
protists, animal and vegetal, and hence also the preservation of 
characters, including those complicated phenomena associated with 
the reaction of the host which we call the signs and symptoms of 
disease and the natural recovery therefrom It appears to us that 
nst as disease arose de novo in the long ago, so it has probably been 
arising century after century, and we see no reason why new diseases 

should not appear in the twentieth century of the present era in 

8 
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man and animals, as they did when hosts were first evolved, only 
the matter is more complicated owing to the evolution of methods 
of defence upon the part of the host. 

In his most interesting and masterly book Adami has shown that 
a non-pathogenic organism can he made pathogenic by injecting 
into an animal killed non-pathogenic bacilli and then ten or fifteen 
days later the live bacilli. These, when recovered from the tissues 
of the experimental animals, were found to have undergone consider- 
able variation due to their altered environment, and had so changed 
their cliaracters as to be very virulent to guinea-pigs. In other 
words, by means of a preliminary anaphylactic phenomenon a non- 
pathogenic microbe may become pathogenic and a new disease be 
evolved . 

Similarly, according to some of our ol:>servati()ns, when man is 
immunized artificially against typlioid and the paratyphoids, he 
becomes more susceptible to infections by chance intestinal organ- 
isms, which in this way give rise to new diseases. 

Finally a germ accustomed to a human race which has developed 
a, certain amount of immunity may meet with another race which 
lacks this immunity, and immediately a disease which is mild may 
develop rapidly fatal attacks and spread widely -c.g., measles in 
the Sandwich Islanders in London long ago. 

Fnoiigh has been said to show the line of thought — viz., the 
importance of environment, the diiliculty of impressing characters, 
but tlie 1i<‘rr(litary transmission of tliese characters when once 
(‘vol\'ed producing variation in the parasites, while the reaction on 
the part of the host tiaiding to produce an immunity against older 
forms, and yet leaving, in tlie iihenomenon of anaphylaxis, a gate 
open for further variation on the ])art of non-pathogenic organisms 
and the possibility of th(‘ origin of new diseases. 


GEOGRAPHICAL DISCOVERY. 

Just above we have mentioned the introduction of pathogenic 
organisms to races to which they were previously unknown, and as 
this is primarily due to geograjihical discovery, we desire to invite 
the reader s attention to this factor in the dissemination of tropical 
disease, as the discovery of new lands has eventually led to the 
betterment of means of communication, and hence to the easier 
and quicker transference of the microbes of disease. 

Diseases which may have been endemic in one region for centuries 
i^^y^ t)y means of geographical discovery and by means of the present 
and past wars, spiead to otlier regions where they were previously 
unknown; and this brings us to the consideration of endemicity and 
epidemicity. 

ENDEMICITY. 

As so much epidemiological investigation of disease has of late 
been undertaken, mainly due to the initiative of Manson and Sambon, 
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we feel that a few general remarks on endemicity and epidemicity 
as applied to disease in general may not be amiss. 

The presence of a given disease in a locality depends primarily 
upon the presence of conditions favourable for the action of the 
causal agent, and upon the presence of suitable vehicles for its convey- 
ance into the human body, which must be non-immune to its attack. 
The causal agents of disease may be physical, chemical, or parasitic. 

Physical causes of disease are often cosmopolitan in their distribu- 
tion — -as, for example, the actiem of gravity in producing the trau- 
m disms brought about by falls; but though some causes, such as 
th e rayc f:^om the sun, are also cosmopolitan, still they are unable to 
produce deleterious effects upon human beings unless assisted bv 
secondary influences, such as latitude, altitude, the rotation and 
inclination of the world, etc., while some are restricted — as, for 
example, the traumatisms due to ferocious animals, which, though 
occasionally taking place in other parts, whither the animals have 
been artificially conveyed, generally onh* occur in the natural 
habitats of these creatures. 

Cdicmical causes of disease ha.ve becoiiK' largely cosmoi.)olitan in 
distribution owing to im])roved methods of intercommunication 
and the manulacture of chemical principles; still, certain chemical 
causes have \’ery restricted localities even to-day, because they are 
little known, and only affect primitive peoples living in these regions 
-r.g., Gloriosa sifperbu, etc. 

The parasitic causes of disease ma\ be animal or vegetal. The 
endemicity of a given parasite d(.pends upon (a) the presence of non- 
immune human beings, in which part of the life-cycle can be gone 
through, and which for conxamience we will term the human hosts ; 
{b) easy modes of escape from the human host into the exterior; 

(c) suitalfle means of continuing the life-cycle in the exterior — i.e., 
in earth, water, air, on or in other animals or plants, intermediary 
hosts we will call them; (d) ready means of re-entry into the human 
host or into some other animal host in which the life-cycle is com- 
pleted; (a) i^artially immune animal hosts or partially immune 
human hosts to act as reservoirs or carriers, to enable the parasite 
to complete its life-cycle without producing marked pathological 
changes in the host. Examples of these may be found in the 
malarial parasite attacking (a) the white man and the native child 
in West Africa and elsewhere, and passing by the agency of (b) blood- 
sucking into (c) Anopheles costalis, which, by the act of biting, 

(d) conveys the parasite to another non-immune host or to the 
]>artially immune adult native*, who acts as a reservoir or carrier. 

Another example is the passage of the plague bacillus from the 
rat via the flea back to the rat or man. 

OUier examples are the amoebae of dysentery, which pass from 
man by the evacuations on to vegetal substances or into water, by 
which they may be reintroduced into man direct or by the agency 
of flies. 

By a suitable non-immune host is meant a host which, while 
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providing abundant suitable food material for the parasite, does not 
produce such a quantity of chemical substances antagonistic to the 
parasite as to seriously hamper or prevent its growth and development. 

Given such conditions as those just descril)ed, a parasite should 
be capable of developing enormously in a given district; but there 
are still other factors to be considered, and the first of these is the 
fact that the intermediary host, if an animal, depends for its exist- 
ence upon the presence of a suitable food-supply, as well as suitable 
means for jiropagating its species. 

If anything untoward happens to these, the intermediary host 
may die out, but the problem is not quite so simple as this, because 
the intermediary host itself may be preyed upon by some other 
animal, or may be affected by disease, and so reduced in numbers. 

If the intermediary host is reduced in numbers, even without 
being ext( rminated, the parasite will have difficulty in completing 
its life-cycle, and is therefore faced with the problem of seeking 
another intermediary host, or anotlna' (entirely different method of 
leaving the human host, or of being exterminated. 

The reduction in numbers of the intermediary host in a given area 
is one of tlu^ bases of prophylaxis in malarial fever, yellow fever, 
dengue fever, and sleeping sickness. Faced with these difficulties, 
it would appear possible that the i)arasite can change its inter- 
mediary, probably undergoing certain changes itself in so doing, 
and this would appear to be a possible explanation of the slight 
modifications of the various forms of spirochnetes causing the re- 
lapsing fevers. 

On the other hand, the malarial parasite would seem to be less 
capable of accommodating itself to a change of hosts, for it would 
appear to be only capable of completing its life-cycle in the less 
common anophedincT, and not in the more common culicinae — a most 
important fact in malarial prophylaxis. 

Another factor to be considered is the effect of atmospheric 
temperature upon the parasite, for the study of the life-cycle of the 
malarial parasite has clearly shown that tliis has a marked effect 
upon the development of the oocyst in the anopheles. It is also 
quite possible that other physical and chemical factors, concerning 
which we are at present ignorant, may play important parts in 
controlling the life of parasites. 

Finally, the parasite itself may suffer from the attacks of another 
parasite, a condition of affairs called ‘ hyperparasitism,’ and, thus 
becoming diseased, may be unable to complete its life-cycle, and so 
become extinct. 

It will thus be seen that the problems connected with the appear- 
ance and the disappearance of a disease in a locality are extremely 
complex, and that next to the parasite itself tlie most important 
factor is the intermediary host, its food, its life-cycle, and its habits 
— in one word, its oecology. 

Hence, in studying an endemic parasitic disease, or a disease 
thought to be possibly parasitic, it is not advisable to restrict one's 
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researches solely to work in the hospital or the laboratory — ^for it 
must be remembered that the parasitic causes of some diseases are 
most probably ultramicroscopical — ^but to associate with the clinical 
and experimental methods of research epidemiological researches 
conducted by visiting several widely separated and, if possible, 
completely detached endemic areas, in order by carefully studying 
therein all the conditions of life and the habits of the human hosts to 
endeavour to find factors common to the different localities. A 
further study of these common factors from the point of view of 
possible mocies of infection may indicate one or more possibilities, 
and then these must be put to ^he crucial test of experiment with a 
view of ascertaining definitely the accuracy of the epidemiological 
observations. 


EPIDEMICITY. 

From an endemic area diseases due to physical causes may s[)read 
by the alteration, naturally or artihcially, of the physical conditions 
in the surrounding regions, and would draw back to the original 
region upon the return to normal of thes(‘ conditions. vSimilarh^ 
chemical causes of disease may be spread from their original re- 
stricted area by modern methods of intercommunication- — e.g., 
poisonous i)lants or their products may be l^rought from the tropics 
to the Temperate Zone, and vice versa. 

In order that a parasitic disease may spread from its endemic 
focus several factors are necessary 

{a) Carriers to convey it from one ]dace to another. These may 
be either the human host, an animal liost, or the intermediary host 
— e.g., fleas infected with plague. 

(b) In order that the disease may spread in the new area there 
must be the suitable conditions already mentioned. 

(c) There must also be suitable climatic conditions. 

If these, and perhaps other still unknown factors, are present, 
the disease will be able to spread with perhaps increased virulence, 
first within the new area and then from one area to another, until 
an epidemic or pandemic is produced. With the appearance of 
pa*rtial immunity in the human and animal hosts, altered climatic 
and other conditions, as well as the aestivation or hibernation of 
one of the hosts, the epidemic will die down, perhaps only to re- 
awaken after the hibernation of the host is over or with a change of 
climatic conditions; and this may be repeated for years, until 
conditions become too adverse for the life of the parasite or its host, 
when the epidemic dies away, and the disease again becomes re- 
stricted to its endemic areas. 

The possibilities of epidemics and the presence of endemic diseases 
raises the question of the possibility of giving man such a start in 
life that he may be advantageously placed in the combat before him. 
The questions involved in such a possibility constitute the large 
and ever-increasing subject of Eugenics, to which we will now turn 
our attention. 
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EUGENICS. 

Any attempt to improve the racial qualities, mental and physical, 
of the future generations will, without doubt, equip them better 
for the struggle for existence, including therein the light against 
disease. In order to bring about an improvement two factors are 
open for consideration— viz., the parents and the child. 

With regard to th(‘ ])arents, eugenics attempts to combat such 
racial ])oisons as are ri^presentcd by alcohol and .such social diseases 
as an' inclicatcxi by syphilis, gonorrhoea, and tuberculosis. 

In regard to alcohol, when taken in large quantities and for long 
})eriods it is said to act upon the germ cells, leading to the produc- 
tion of childi'en ])ossessing a lower resistance against disease. Un- 
fortunately, as wc‘ shall see later, ah oholism is common among the 
natives of many tropical regions, and has alrt'ady produced marked 
racial effects. 

Alcoholism in tlie mother is a more serious matter than alcoholism 
in tlu‘ father, because in th(‘ former the embryo is produced by 
alcohol -poisoned germ cells, whih' during intra-uterinc life its grow- 
ing cells are being constantly alcoholized, and finally the child, after 
birth, is either fed upon an alcoholic mother’s milk or, as is more 
frequently the ca.S(\ is rean^d by such hand-feeding as an alcoholic 
mother may give it. 

As hand-feeding in the tropics requires the greatest can , it is not 
surprising that when reared l)y an alcoholic mother ihv child usually 
acquires disease at an (^arly stage of its life-history, and ofiam helps 
to swell the infant mortality rate. 

Alcoholism is <a great social (luestion. and can onlv l->e combated 
by a sociological movement such ar> to-day is taking place in England 
and other temperate Zone countries. 

With regard to the so-called social diseases, every medical })racti 
tioner is conversant with syphilis and gonorrluva, and all that is 
necessary is to invite attention to Sir Malcolm Morris’s summary of 
the Kecommendations of the Royal Commission on Venereal 
Disease, which include facilities for diagnosis and treatment, diffu- 
sion of knowledge with regard to the diseases, and the collection of 
statistics. It is particularly to l)c noted that they conclude that 
at the present time any system of compulsory personal notification 
would fail to secure the advantages claimed. The Commission 
considered that undeclared venereal disease should be a ground lor 
the annulment of a marriage. Tht'.y further considered that 
advertisements of patent medicines should be prohibited, and 
apparently they were in favour of making it penal for unqualified 
persons to treat venereal diseases. Venereal disease is at the present 
time exceedingly common in all parts of the tropics, and undoubtedly 
is leading to racial degeneration, and we strongly advocate that 
some preventive scheme should be inaugurated in all tropical 
countries. At the same time, we desire to record our disapproval 
of attempts to combat these evils by the registration and general 
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police supervision of prostitutes as we believe such a system is 
bound to increase rather than diminish the disease, as it leads to 
secrecy ; and, indeed, it has so far been a failure wherever it has been 
put to the test seriously. 

With regard to venereal disease, there is no doubt that, although 
the war has increased the numbers of infections, it has nevertheless 
acted beneficially in bringing the seriousness of the subject home 
to the authorities; and, even in England, preventive measures, for 
male and female alike, are being widely distributed free of charge, 
and institutes are in existence for the diagnosis and treatment of 
these diseases. It is imiiossibh* to close the section without acknow- 
ledging, with honour, the great work which New Zealand has done 
in Europe with regard to this matter. When a country with tradi- 
tions like England has awakened from its sleep of ages, a slee]! 
largely due to its religious tendencies, it is possible for tropical 
countries, unhampered by these religious bands, to do even more 
than what we see going on around us as we write these lines in 
London. 

Turning now to I uhcyculosis , it seems pi'obabJe that the tubercle 
bacillus has had an opportunity of infecting every child living in the 
slums of the large Tuiropcan cities before it has attained the age of 
twelve years. It would furtluT appear as though tuberculosis was 
either being l)etter diagnosed or was increasing in many tropical 
lands. 

There ought to be no slums in tropical countric's, and where they 
exist it is the duty of thc^ (iovernment, forthwith, to formulate a 
scheme of betterment wherel)y in the course of years they shall be 
removed, and State-built, State-owned, and State-regulated build- 
ings should be providc'd, wh(M*(‘ the poor may li^e in a reasonable 
condition of sanitation. ITirther, it should be thcj duty of the State 
to take over and to bring up such illegitimatt^ children as cannot be 
properly provided for, thereby not merely helping in the popu- 
lation and work questions, but also in the diminution of tuberculosis. 

In the tropics there are two other eugenic problems to which we 
may invite attention, and these arc food and half -cast es. 

With regard to food, the low protein dietary of the poorer native 
population of such regions as India is a great sociological problem, 
being connected with rd’ pons sentiment. It leads to racial 
degeneration, as we have already seen, but its remedy is very diffi- 
cult, and must be done by a social movement on the part of the 
natives themselves. 

In regard to half-castes, the number of poor Eurasians or Anglo- 
Indians in India is increasing, and as their children live in the slums 
of great cities they tend to degenerate. 

After fourteen years of strenuous work Graham has shown that 
if these children are taken to sanatoria in the Himalaya Mountains, 
and placed in a new physical, mental, and moral environment, they 
do not show this degeneration. 

This is a great discovery, and if confirmed and acted upon may 
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produce lasting results, because, as we have already hm^, there 
is a belief that the third generation of children, with European 
parents, bom and living entirely in the tropics, tend to degeneration 
in every way, and yet it is desirable that portions of the tropics 
should be permanently colonized from temperate climates if possible. 

Lastly, the infantile mortality of most tropical countries is appal- 
lingly high, and this passes unheeded, even in places where a local 
dearth of labour indicates to those in authority the necessity for a 
steady and rapid increase in the population. This is not a book on 
hygiene, but perhajxs as practitiont^rs for many years in various 
tropical countries we may be jiermitted to recommend anyone 
anxious to reduce the death-rate of a district to study the factors 
which contril^ute to the local infantile mortality, and to combat 
those of greatest importance, which will often be found to be tetanus 
and diarrhcea, the latter being associated with the question of a pure 
milk supply. 

Enough, perhaps too much, has now been written as regards 
lines of thought associated with the word eugenics as applied to the 
tropics, and we will now })ass on to consider the incidence of disease 
in tropical countries. 

INCIDENCE OF DISEASE. 

In previous editions we gave in considerable detail the analysis 
of the cause's o( death in Ceylon, and their incidence in the various 
peoples inhabiting that island. S(‘\ eral years have passed since these 
figures were com])iled, and as they are old we omit them, and take 
a general view of the distribution of disease in tropical countries. 

DISTRIBUTION OF DISEASE. 

Asia. 

Asia JMinor is not a tropical country, as it possesses cold and ])rolonged 
winters, but it also has very hot summers, during which it resembles the 
tropics, and becomes the home of many diseases, such as malaria, enteric 
fevers, dysentery, and often cholera, while diphtheria is usually present, and 
cerebro spinal meningitis is by no means unknown. Goitre and cretinism 
exist in the Valley of the Upj)er Eu])hrates. 

In Mesopotamia the winters are temperate, but the summers are very hot, 
and heat-stroke is well known, while malaria, the enteric fevers, dysentcr^^ 
and cholera are present, riague is said to have been endemic in this region 
lor years, lyphus, smallpox, measles, whoojung-cough, and, it is said, 
scarlet fever, occur there. Bagdad sore is almost too well known to be 
mentioned, while beri-beri occurred in the siege of Kut, and also among other 
troops. 

In Arabia, in addition to the fevers mentioned above, ophthalmia is to be 
noted. 

Very little is accurately known as to the diseases of Persia, though we 
possess a large manuscript written thereon many years ago. Cutaneous 
Leishmaniasis, leprosy, and .some form of relapsing fever may be noted. 

As regards India, in the Bombay Presidency the infantile mortality in 
native races is 220*08 in males and 219*07 in females per 1,000 births. Jn 
Bombay City the ratios were 557*24 and 569*66, but it is stated that these 
ratios are very fallacious. 
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The racial death-rates are: — 



1905. 

1906. 

Europeans 

. . 1 4-36 

14*41 

Eurasians 

20-89 

26*99 

Natives . . 

.. 31-84 

41*39 


ihe year 1905 seems to have been unusually healthy; only 588,394 natives 
died, as compared with 1,318,783 in 1900. 

i he principal cause of death was plague, which accounted for 71,363, or 
12*13 per cent., in 1905, as comjjared with 223,957, or 29*28 per cent., in 1904. 
The plague deaths in Bombay for the ten years 1896-1905 are as follows: — 


1896 

1897 

1898 

1899 
1 90(.) 

1901 

1902 

1903 

1904 

1905 


2,080 
46.944 
86, 1 9 1 
96,596 
33d 96 
128,259 
184,752 
28i,2()9 

223,957 


ibtal . . 


1,154,613 


The population in 1901 was: — 

European (exclusive of cantonments) .. 18,804 

Eurasian . . . . . . . . 6,557 

Native . . . . . . . . . . 18,481,362 


The above tigures will thus give the reader som. idea ol tlie mortality 
caused by the plague in India. 

'I'he next important cause of death is cholera 


1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

T905 


35, 

57 Aog 

4,368 

^>579 

163,889 

13,600 

3.229 

1,825 

13.156 

5.396 


Tlie general term ‘ ft'vcr ' causes a mean of 3 1 0,420 dca ths in the six yt ars 
1900-1905; most of tliis is su])])oscd to be malaria. 

The simplest way to show the Bombay death-rate is in the ratio per 1 ,000 
inhabtiants; — 


Cholera . . . . . . . . 2*11 

.Smallpox . . . . . . . . . . o*2() 

Plague . . . . . . . . . . 9*18 

Fevers .. .. .. .. .. 17*43 

Dysentery and diarrhoea . . . . . . 4*9<) 

Injuries . . . . . . . . . . 0*39 

Other causes . . . . . . . . 12*12 


Total . . . . 46*39 

Respiratory disease in 1904 caused 3*22, and in 1905 2*95, deaths per 1,000 
of the populatoin. 

The Bombay death-rate indicates clearly the incidence of cholera, plague, 
and fevers. In many parts of India — e.g., Madras — kala-azar is an important 
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death-producing factor. In Calcutta, phtWsis is causing 

by its increase.^ The importance of snake-bite as a cause of death is marked 

in India. Relapsing fever is also known +i,„ ^rinritnl fnr+nr« 

Cevlon pos.seScs a high infantile mortality, of which the principal factors 
are iLantflc diarrhcca and convulsions, and often the bad condition of the 
mother before the bii ih of the child, associated with inii>i ope r and bad food 
and lack ot proper care ol tin- child. Riigciiics leyinies moie stiidj that 
isJcind ihfir] so fcir kuow, ji i t'c oi\(cL . , 

The dcaiL of women in child-birth arc high, and llie principal cause i.s 

’’"Amont! id.dls diarrha-a, dysentery, and the various forms of enteric fever 
are important factors of the ileath-rate. Plague has recently vi.sited the 
island hnl has hccri well (onlrolled; cholera is present liom lime lo lime, 
while syslemalic sfei>s hnxc been laken io deal with the prevalent malaria 
and a,nk>’lostc)nhasis. Cancer exists in all races, and diabetes is a prevalent 
disease' amonp: better-class natives, sueh as lawyers, doctors, and merchants, 
byj^liilis is ( oninifjn, thoiiji^'h the jiarasyjihilitic diseases arc very rare, while 
iiisaniiy is also relatively less than in Ivin ope. Li'piosy is endemic, and eye 
diseases irecjuent; thoiigli, thanks to the Victoria Eye Memoiial Elospital, 
when' they are skilliilly treated, blindness is less frccpicntly met with. 

With relerence to the Straits Settlements, the infantile mortality, after 
(iedueiiiiy imirdyrant deaths, is 25(>-2c) ])er i,oo(.t births in 1905, and is raci- 
allv elassilied as lollouss;- 


Tvuropeans . . 


57 - 3 ^ 

< )Uu'r na 1 ions htif'S . . 


224*07 

Malays 


229* yeS 

Indians 


-278-72 

Chinf'Sf' 


302*03 

h’.urusiu ns .. 


307*69 

'The gciK'i'ul deuih ra le was .g>*3 1 pc 

r 1 ,(»()() inhabitants, 

ind its factors w’orc 

|)l)1ldsis, bi'i i' hc'ri, um lassed fevf'rs, 

fiystmlcry, ehohTi 

1, malaria, eancf'r. 

.iiu'cmia, spim dro])sy, and parasites, 
in Indo ( liina llie enteric ii'vers, 

the diarrbreas and 

(lyscnicJ'ies, liver 


abscf'.^sf's, iiiie.slinal j>ara.sites, cholera, diplithcria, spreading nicer, which used 
lo lie eallcfl Cochin China idcf'r, seiirv’y, ifni'inira ha'nioi’rhagica, beri-beri, 
dengue U'ver, and parasites, are to b(' nu'iitioned. 

Mnt li has been written on ilie diseases of (.'hina, where IManson and Cantlie 
did tlu'ir work, and its diseases are beginning to be known; but of special 
interest are. its trematode iiilections, its beri beri, its plague, and its skin 
diseases. 

Japan is now the centre ol much si ii'iitilie work, and no passing reference 
would do justice lo tiie valuable work lieing performed therein; hut it may be 
noted tliat it is intc'restiug in its ])arasitic disc'ascs, its tsutsu-ganuishi disease, 
its trematode inlet 1 ions, iis iuguisnius, its rat-bite and eat-bib' diseases, and 
its b(u-i-bcri. 

The Philipiiine Islands arc monuments of Ameritan carefulness, forethought, 
and hard work, ami their diseases are w’ell set forth in the valuable 
Journal of I ropual ]\I cdic me. b'spceially to be noted are their parasitic affec- 
tions, their beri-bf ri, and though inut h remains to be done, yet much has been 
done wuth regard to malaria ;md smallpox, wdiiclj has been reduced to insignifi- 
cant proportions, wliile tubf'K iilosis, ( bolera and })lague, and the enteric 
ievers, arc present, and the w liole proble m of eugenics is still in its infancy. 


Australasia. 

the diseases of tropical Australia, which includes Cueensland, Papua, Torres 
Stiaits, Thursday Island, etc., are; — Sprue, ama;bic (l3^sentcry, filariasis, 
nialaiia, beii-beri, ulcerative granuloma, frambeesia tro])i(a, dengue fever, 
Jepiosy. The intestinal parasites are; — Ancylostoma duodenale, Trichuris 
trichiura, Oxyuris vermicnlaris, Strongyloides stercoralis, and Taenia saginata. 

Under the term ‘ sandworm disease,' Breinl describes an inflammation of 
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the inner side of the sole of the foot in the Innisfail and Cairns districts, which, 
beginning as a small erythematous area, spreads in the form of spirals, and 
after a time disappears. No animal parasite could be found . It appears to us 
that this is a form of ' creeping eruption.' He also describes ‘ barcoo rot.’ 

Seligmann, during the eighteen months which he spent in British New 
Guinea and the islands of the Torres Straits in the years 1898 and 19(^4, 
gathered much information as to the incidence of disease among the Papuo- 
Melanesians of Papua, who are really onl\^ just emerging from the Stone Age. 

He found talipes equino-^'ariis to be common, while hare-li]g meningocele, 
dwarfism, albinism, and erythrism (/.c., aborigines with auburn or reddish- 
brown hair, pinkish-brown skin, and Inown eyes) occur. Albinism and 
erythrism showed a family distribution. 

Malaria was common, and children avTIi greatly enlarged malarial spleens 
were <‘Lsily found. Adults with large spleens could also be seen, but this 
enlargement might not be malarial. Leprosy was endemic in the valley ct 
the St. Joseph Kwcr--f.c., in the Roro-Mekeo district— and could not be 
attributed to foreign influences. Yaws was common, but syjdiilis was con- 
sidered to have been introduced in com})aratively recent times; in fact, he is 
of the opinion that in Oceania the introduction of syphilis is possibly not 
antecedent to Captain Cook's voyages. Respiratory diseases and dysentery 
are very common, as are skin diseases — c.g., eczema, tinea imbricata, tinea 
flava, keratosis pilaris, and leucoderma. With regard to new growths, he 
records ( utaneous ))apilloma la , filn'omata, lipoma la, o.stcomata (?), and 
angiomata. Malignant tumours were rare, but sarcomata AAere found. He 
describ('s and illustrates subcutaneous nodules frcel)^ moA'ablc o ccr the deep 
fascia, over or near bony prominences, and esp('cially about the elboAV, whicli 
are probably juxta articular nodules. He describes and illustrates a nasal 
ulceration somewhat similar to gangosa, variously referred to as lupus by 
Sir William MacGrc'gor and cancer by the Avhitc reskh^nts of British New 
Guinea. He also descril)es a peculiar uha'iatix i? process of the legs and other 
])arts of the bod3X lledrav.sa tf ention to (lie inijuilsivecharac ic rof thepcople 
as a crime-producing factor. l*aralysis and ps\a hc)ses arc* not coirmon. The 
presence of cretinism was noted. He did not meet wilh tuberculosis except 
in natives in intimate confact Avith Rurope.ins, nor Avith arterio sclerosis, 
wiKailar heart diseases rickets, or gout, locomotor ataxy , or general paiatysis, 
A\diilc anamria was rare. 

Oceania. 

This is interesting lor its diarrluras. dysmileries, and elepliantiasis, which 
have been studied m detail by^ Bakc'r; loi its yaws, leprosy, and skin diseases, 
Avhich latter arc common, and of which lokclaii and ringAVorm maA" be 
especiall}'' noted . 

S\4:)lulis is belicwod to have been nnknoAvn in the SandAvich Islands before 
the vi.sit of Cook in 1779. Avhile lejirosy is believed to have been introduced 
therein in i8-|0 by (Thnese emigrants. 

K]hdciuie gangrenous rectitis and a similar form of stomatitis occurs accord- 
ing to Corn}’ in Fiji. Cerebro spinal meningitis was introduced probably about 
lYb. 

Tropical America. 

The tropical medical schools situate in Harvard Fniversity and in other 
parts of the United States, the work of tlie American Society of Tropical 
AledicijiC and of the Canal Zone Medical Associa tion, added to the researches 
of the Institute Oswaldo Cruz of Brazil, are steadily increasing our knowledge 
of the- diseases of tropical America, among which malaria, yelloAv fever, the 
enteac fevers, the dysenteries, elephantiasis, Chagas’ disease. Leishmaniasis, 
verruga pern Adana, parasites, yaAvs, and certain skin diseases, stand out as 
patliDlogical features, among which must be given prominence to those caused 
by 1 he jigger. 

Moreover, it is in tropical America that the most brilliant prophylaxis with 
regard to malaria and yellow fever has been conducted. 



TROPICAL DISEASES 


With regard to Northern Mexico, Ales Hrdlicka made six ^ 

the years 1898-1905 to study the physiological and medical conditions oi tne 
Amerinds residing in Northern Mexico and in the south-western poi 10ns o 

the United States. , , ^ 

He concludes that on the whole the health of these people is supeiior to 
that of whites living in larger communities, as they do not suffer so much irom 
inherited morbid conditions, or from those connected with teething, puberty, 
menstruation, gestation, puerperium, menopause, and senility, nor do they 
suffer so much from malignant growths, but they have a weak resistance to a 
few contagions— c.g., smallpox. _ i ^ 

Their most common ailments arc diseases of the gastro-intestinal tiuci , 
(^specially (h'senterv'; of the respiratory organs, especially pneumonia , wnne 
consumiition is very rare; of the eyes, especially ophthalmia chic to dust 
which, being neglei led, leads to blindness, as does smallpox; of nausailai 
rheumatism and arthritis. Malaria, smallpox, and pemphigus contagiosus 
in children are very common. Typhoid fever appears to be rare; leprosy anci 
ele])hantiasi; are known, as is goitre. 

He ver\' much doubts the presence of .syjihilis ])rior to Columbus, and points 
out that the bones in the ancient graves in California, on the north-west coast, 
in Peiu, and other localities in South America, do not show any signs of the 
disease, e\Tn when thorough examinations of extensive osteological collections 
have been made. 

In children the common caiist* of death is diarrhaa. lie makes most 
interesting observations on tht' mites which burrow under the skin of the toes 
in the Iluastec, who live to the east of the Otonii (Hidalgo region), and which 
may cause supjinration and even loss c)f a toe. Injuries due to spidt rs, centi- 
pedes, scorpions, rattlesnakes, and th< gila monster are mentioned, as well as 
])oisoning from aconite, datura, and fungi, 't he narcotic effects of Ik'yotc are 
noted, while' two plants, cul-ick-um-ek {Donedia suffrutcscens) and ha-van 
latat (Phacchd i nfundihnliionnis), caus(' dangerous wounds when journeying 
through fori'sts, leading to some' foi’iu of ])oisoning, and in Cuf' case of the 
lornier cNam Id death. He met with albinism and leiuoderma, but pinla was 
unknown, tlioagli stated to occur farther south. 'J'he diseases which were 
rare wci e: amrmia. diseasts ol breast, i iniilatoi N' organs, liver, female genera- 
tive organs, and skin; while asthnui, cU'iital caries, cancer, rickets, hernia, 
idiocy, insanity, nervous diseases ex( ept epile])sy, scarlet fe\ CT, and fracture 
of bones were also rare. 

With regard to the Virgin Islands, H itler and Jlakansson ha\e pointed 
out that malignant tertian and quartan malarias are jireseul , but that the 
carrier anojiheline has not bec'ii idejitifietl, while pellagra is quite common and 
ankylostomiasis is pre.sent. 'flu* lack of sanitation causes considerable 
morbidity and mortality, and there is a high illegitimacy rate, venereal disease 
rate, and inlantile mortality, while the ])oor food conditions are held to be tlu' 
cause ol pellagra, and the poor sew'age disposal and defective water-sujiplies 
to encourage diarrho'a, dysentery, enteric fex'ers, and the encouragement of 
mosquitoes to breed in houses causes the high filarial infection and its associate 
morbidity. 

Ecuador has been stiulied by ICspinosa-'ramayo, who finds AncvJostoma 
dnodenalc. and .\ccator anicrica 7 ms present, as well as Oxyuris, Tcenia solium, 
and Hymcnolcpis naoia. The jigger is noted and so is Xcnopsylla chcopis and 
C Itnocoris rotundatus. Yellow fever has almost disappeared, but malaria, 
amoebic dysentery, enteric fevers, and tuberculosis, are rife. Chichismos 
caused by drinking' chicha ’ made from fermenting maize is said to be like 
pellagra . 

Tropical Africa. 

I he outstanding features of tropical Africa are its tryjianosomiases, its 
malarias, and its relapsing fevers; wliilc enteric fevers and typhus are more 
prevalent in the north, where the schistosomiasis and pellagra also abound. 
Porocephalosis is likewise a feature of this country, which is the home of 
numerous local diseases, such as guondou, while skin complaints are extremely 
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Whether or no cerebro-spinal meningitis originated in Central Africa is an 
interesting speculation. 

The primitive forms of medicine, the venomous animals, and the poisons 
are all of great interest and recjuirc much further research. 


PREVENTION. 

It is not our intention to write upon prophylaxis in this portion 
of the book, but merely to indicat that many diseases exist in the 
tropics which medical researcli h. s shown to be due to definite 
para^ itic organisms spread in a very definite manner, and therefore 
mori', or less preventable. 

We would \^(arturt‘ rc^spectfully to quote His Most Gracious 
Majesty King (ic'orge V., who long ago said: If preventahle, why 

not prevented We would further venture to ask that more regard 
should b(‘ paid to this memorable utterance, which we believe will 
(xho down the rolling ccaituries and will be more and more appreci- 
ated as they pass. 

We would, howana r, ask the reader to remember tliat to prevent 
disease ( ntads hard unappreciated work, usually in the face of mucli 
opposition and in direct contrast to the comfortable life of letting 
things drift ; but in tla^ light of His Maj(‘sty’s words this work should 
be taken up by his subjects. 

Mf)r(' )V('r, the present war has shown what can be done when 
military authorities work hand in hand with medical research, and 
we are of tlie opinion that civilian (K)V(‘inments should learn this 
lesson also. 

It is, indeed, a satisfactory sign that the Secretary of State for 
India is reported as stating, in a remarkable speech made to a British 
Medical Association deputation, that a modern Government required 
and should take all suitable means to obtain the best and most 
accessibh' ad\dce on various medical and sanitary problems witli 
which every such (Government is called upon to deal. If this dictum 
is acted upon — i.e., if it passes the realm of advice — -a new era will 
dawn in the tropics. 
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CHAPTER VI 

FITNESS FOR TROPICAL LIFE 


Preliminary — Examination — Women — "nvaliding — Natives — Life assurance 
—Expectation of life in tropical natives— References. 

PRELIMINARY. 

The selection of European and American men for service in the 
tropics, the fitness of European and American women for tropiccil 
life, the question as to how long white children should remain in 
warm climates (Chapter J.XXXV^f.), the invaliding of sick persons 
of all races, the selection of natives for employment under Govern- 
ments or in mercantile houses, and the problems of tropical life assur- 
ance, arc all matters of great importance to the tropical practitioner. 

He may have nothing to say in regard to the selection of persons 
for tropical service, but lie has very considerable knowledge of their 
after medical liistory. 

We an; unable to allow mucli si)ace in the present book for the 
consideration of these questions, but we will endeavour to touch 
upon such points as appear to us to be of importance, and to leave 
the elaboration of the same' to the reader, and for this purpose we 
give references at the end of the chafder. 

EXAMINATION. 

W(‘ f)resume that every medical practitioner appointed for the 
purpose of selecting men for service in the tropics will go faithfully 
through a routine examination more or less based upon that adopted 
by the best type of assurance companies, and therefore we need not 
lay stress upon such an examination; but there are certain points 
to which we desire to invite especial attention. 

First-Class Lives. — Every selected candidate be a first-class 

life and free from any trace of albumen in the nr me. 

Venereal Disease. The examining physician should make it his 
duty to exclude gonorrhoea, not by mere question, but by actual 
examination, and the same is true for syphilis. No one should be 
allowed to proceed for the first time to the tropics with an uncured 
gonorrhoea or with an imperfectly treated syphilitic infection. 

Further, we are of the opinion that it is the duty of the examiner 
to warn all selected candidates as to the dangers of infection with 
venereal disease in the tropics, and at the same time to give and to 
read to him printed instructions, similar to those provided to-day 
for soldiers, detailing methods for prevention of infection. 
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Every tropical practitioner knows how much sickness and loss of 
work is due, directly or indirectly, to venereal disease; and we feel 
that it is not too much, in the interests of the employer and the 
employee alike, ' o ask that the above should form part of the duties 
of every medical examiner of candidates destined for the tropics. 
We further submit that each health report should state clearly that 
these duties have been carefully carried out by the examiner. 

Vaccination.-- It is necessary that every selected candidate, before 
final appointment, should produce a certificate that he has received 
two injections of a vaccine prophylactic against typhoid and the 
paratyphoid fevers, or of a so-called tetra- or penta-vaccine containing 
in addition to the already mentioned three diseases, cholera or cholera 
and i)lagu(*. Evidence of jennerian vaccination forms part of the 
routine medical examination, and must not be older than seven years. 

Quinine.-— Every selected candidcite, before final appointment, 
should ))roduce a medical certilicate that he is able to take a dose 
of TO grams of quinine without develoi)ing serious symptoms. 

Teeth. No candidate should be finally selected for the tropics 
until his teeth an' in such a condition as to satisfy the examiner, or 
until he produces a. dcaitist’s certificate to th(^ effect that they are 
in good order. 

Alcohol. — The objections to alcoholic candidates arc so well 
understood that the mere mention of this point is sufficient (see 
Chapters HI., V.. and LVl.). 

Age. — Wc are con\hnccd that no one under twenty- one years of 
age or over hlty years should be allowed to proceed for service for 
tlu' first tiiTU' in tlu' tro])ics. We are also of the opinion that the 
nearer tlu' minimal age is to twenty-five years the hc'tter for 
employer and ('iriployec' alike. 

Heat and Sun. — Whatever personal views the examiner may have 
as to the c'ffects of heat and sun, he should ncvertlieless, as jxirt of 
his duties, warn the selected candidate as to the possible dangers of 
careless exposun' to the troj)ical sun and as to flit' effects of tropical 
heat, and should acquaint him with methods v)f i)rophylaxis. He 
should also gi\a^ advice on clothing, as we have seen distinguished 
visitors arrha^ in tlie tropics in clothing suitable for an English 
winter. Therv ” \ of course, cold regions and cool seasons in the 
tropics, but the v i not generally felt by the new arrival from the 
'I'empcrate Zone. 

Energy. The selected candidate should be warned that, on first 
arrival, he may not feel the heat of the tropics to be excessive. On 
the other hand, Ik' may feel that the climate suits him admirably, 
and that he is full of energy for work and play, and should be told 
that this state of affairs will not last for ever, and that, if he allows 
his energy to outrun his common sense, there will be trouble. 

Moderation in all things should be indicated as the motto for a 
tropical life. 

Duties of the Examiner. — We have insisted upon the medical 
examiner giving advice upon various points to the selected candi- 
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date. Our reasons for so doing are because he may be the only 
medical practitioner to examine the candidate before the tropics 
are reached. 

We feel that it is in the interests of employer and employee that 
every opportunity should be given for the selected candidate to 
keep fit until he reaches the local medical officers. 

Check Examination.- -We are of the opinion that a check 
medical examination by the local medical officers immediately upon 
the arrival of the new official is advisable, in. order to see whether 
entr}^ into the tropics has induced any changes in his health, and 
also for the purpose of giving him local medical advice. 

This check examination is very necessary, as we know that persons 
liave arrived slightly indisposed, and have allowed these slight 
symptoms to become serious owing to lack of knowledge. 

WOMEN. 

European and American women proceeding to the tropics are 
usually either married or about to be married, or, because of the 
scarcity of white women therein, are very likely to be married fairly 
soon, although they may start as nurses, missionaries, etc. 

We therefore consider that all women proposing to live in the 
tropics should be medically examined in the same way as men, and 
should be specially tested as to their ability to stand quinine 
therapy; and if this is found wanting, should be educated up to a 
necessary quinine standard, by regulated small doses, before 
being allowed to begin their new life. 

Our experience makes us agree with Mrs. Scharlieb that the 
medical examination of women should include the bony pelvis and 
the organs contained therein when practical. 

Often women have to live in out-stations far from medical aid, 
and it is little short of criminality not to take the external measure- 
ments of the pelvis, and if necessary to investigate the condition 
of the internal pelvic organs by means of a rectal examination. If 
abnormalities are discovered the woman or her husband, or both, 
should be warned as to the possibilities of such abnormalities. 

At such an examination care should be taken to see that there is 
no obvious cause for dyspareunia, as it may cause trouble to the 
examinee and her husband. This has l)een brought home to us in 
our long experience of tropical practice. 

Moreover, the woman should be warned as to the possibility of 
menorrhagia (or the much less common amenorrhoea), which may 
begin after arrival in warm climates, and should be given advice as 
to clothing. 

The necessity of having the urine exam’ned on the occurrence of 
pregnancy should be impressed upon the wife and her husband, as 
well as the requirements of diet, exercise, rest in the warmer hours 
of the day, etc. 

White men, as a rule, require at regular intervals visits to temperate 
climates if their health, strength, and mental vigour arc to be 
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maintained unimpaired; and the same holds good, but Pe^^p^^ith 
more force, for women, who should be allowed leave to cooler tropical 
regions and to the Temperate Zone as often as arcams ancesperm . 

When a woman returns to a temperate climate she should be 
advised as to the necessity of an immediate medical examination, 
as well as of the dangers of the change into cooler weather. 


INVALIDING. 

Two classes of cases require to be considered under this heading 
— viz. , the tropical resident about to be invalided to cooler climates, 
and the cool-climate resident about to be sent to the tropics for the 
benefit of his liealth. 

With regard to the first, there are two quite different aspects of 
the case, viz. ; — 

(a) Invaliding for the Good of the Employer and Employee Alike. 

— This is a matter of common sense, and is the kindest method of 
dealing with many cases. 

(h) Invaliding because of Health. — Temporary invaliding or sick 
leave should always be advised if the patient’s health requires it, 
but his financial status should also l)e taken into consideration before 
too drastic rccommendatioiis arc made. 

More difficult by far is the question of permanent invaliding from 
service, and in coming to a decision the medical practitioner has 
many points for consideration with reference to the })resent condition 
of the patient and his future prospects. 

The nature of the illness, the physical and mental condition of the 
patient, his age, his pension or gratuity, his possibilities of future 
employment in cooler regions, his family, etc., have all to be con- 
sidered. 

Among the many difficulties which present themselves under this 
heading we venture to express the opinion that one attack of black- 
water fever should [not constitute per se a reason for permanent 
invaliding. 

On the other hand, we are of the opinion that mental symptoms 
should constitute a reas(m for permanent invaliding, as the tropics 
are climatologically unsuited for an unstable nervous system. 

As a general rule, if an endemic infection — e.g., bilharziosis — is 
playing havoc with a patient, he should be permanently invalided 
from that particular an^a or areas, which may not mean that he 
should be invalided from the tropics or from the service. 


NATIVES. 

Natives should never be accepted for employment unless they are 
first-class lives. The eyes require careful attention, and colour- 
blindness should be looked for, especially in certain employments 
such as railways, steamers, ports, etc. 

Particular attention should be paid to the urine, and natives 
know many tricks with regard to this part of a medical examination. 

Schistosomiasis of any part of the body should cause rejection, 
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and diffuse leucoderma if the candidate is to work in the sun, but 
it is not possible to give further details, which must be left to the 
common sense of the examining officer. 

The invaliding, temporary or permanent, of natives from a service, 
particularly if a pension or a gratuity is available, requires great 
care, and the possibilities of malingering must be remembered. On 
the other hand, the effects of such apparently harmless diseases as 
diffuse leucoderma should be borne in mind, and injustice should, 
if possible, be avoided. 


LIFE ASSURANCE. 

Tropical life assurance is in its infancy, and so far has been mostly 
studied in regard to India. 

Insurance offices usually regard 33® north to 30'^ south latitude 
as including the dangerous climates of the world. They usually 
consider those lands which lie nearest to the Equator as the most 
dangerous, because of the heat, the endemic diseases, the lack of 
sanitation, and the imperfect food-supplies. 

But the advance of knowledge with regard to the ])revention and 
treatment of tropical diseases, and the dawn of tropical sanitation, 
has reduced, and is reducing, the baneful effects of many of these 
factors. For example, the West Coast of Africa used to have an 
official mortality rate of 80 per thousand, and an official invaliding 
rate of 95 per thousand, but these had been reduced to 21*7 and 
76*3 per thousand as long ago as 1903, and to-day are probably 
much less. 

It is true that the older type of official, medical and non-medical 
alike, disliked spending money upon improved sanitation and upon 
the prevention of disease; but this type of official is slowly but surely 
disappearing, and the danger to-day is that official inertia may 
undo years of official toil. 

It is therefore necessary that a high standard of sanitation and 
disease prevention should be set for the tropics, and that this should 
be maintained ; and if this is done, then many of the serious objections 
to tropical life assurance may be removed or abated in the future, 
and as this is done better assurance terms should be forthcoming. 

Very many tropical practitioners have had experience in the 
selection and rejection of tropical candidates for life insurance, but, 
unfortunately, there are but few records to be found based upon this 
work. 

In 1897 and later, Cantlie, writing with regard to this matter, 
stated that although the person in the tropics was exposed to many 
deadly diseases, he was not very liable to scarlet fever, rheumatism, 
and pneumonia, and that, excluding malaria, his chief dangers were 
diseases affecting his alimentary canal and abdominal organs, and 
that alcohol was an even greater curse in the tropics than in tem- 
perate climates. i.^^! 

He states that the insurance companies deal with each case 
individually, and^he suggests that during the first seven years of 
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residence in a proscribed area an extra premium should be paid, 
but that after that period it should be reduced to one-half upon a 
certificate from the company’s medical officer that no permanent 
injury to hcaltli has been incurred, and that the cost of this examina- 
tion should be paid by the insurer. Further, after ten years’ 
residence the extra premium should be reduced to one-third of the 
original sum, end after thirteen years no extra premium should 
be charged, i)rovided always that the necessary certificate was 
forthcoming. 

He points out that a period of danger is the first year or two after 
the old tropical resident takes up his permanent abode in the 
Temperate Zone, and he recommends that an extra premium be 
charged for these two years. 

The next paper, published by Winter in 1909, we have been 
unable to peruse in the original, but he apparently lays stress on 
the first few years of residence in India, on the ground that Euro- 
peans are very likely to become victims to enteric and similar fevers. 

Caddy in 1912 came to the conclusion that the European does not 
acclimatize well in the tropics, meaning by this statement that he is 
unable to rear healthy strong children in India, and that he becomes 
debilitated by residence there, requiring a change to a temperate 
climate every four or five years, and that after years of residence 
he is even mon' liable to sunstroke than on arrival. 

Out of cas(‘s he rejected 6 per cent, and loaded 8 per cent., 
making together 14 per cent., which was caused by inferior physique, 
ol)esity, glycosuria, albuminuria, consumption, consumptive family 
hislor>', l)ad family history, syphilis, heart diseases, sundry diseases 
(3 ’39 cent.), alcoholism. 

With regard to natives desiring insurance, it is true that years 
ago it was only the Europeanized native who sought after this; but 
to-day it is different, and even native women of due social standing 
ar(‘ allowc'd assurance, provided that careful inquiries have been 
made, though years ago such an assurance was never considered. 

Caddy adds to the list of causes of rejection ‘ elephantiasis,' and 
he is of the opinion that oi)ium and hemp are very harmful, but that 
they are not commonly consumed by the insuring classes of India. 

He considers that Rajahs, wealthy landowner Marwaris, or bankers 
and money-lenders, and petty merchants, are bad lives, while the 
best neitive risks are Government servants and native^ clerks in 
European offices. 

As a rule the native does not consume alcohol, but if he does he 
should be regarded an indifferent risk. 

He also states that the native of India is a shorter man than the 
European, and that height for height he is about the same weight, 
but he is very subject to glycosuria and to hydrocele. 

The discussion on this paper was interesting, and in our opinion 
some of his views are open to criticism. 

With regard to life assurance in Egypt, the only publication with 
which we are acquainted is by Day, who distinguishes four groups of 
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proposers — viz., the Western European, the Southern European, 
the Eastern, and the Egyptian. 

In general, he considers the first class to be a good risk on the same 
terms as in Europe, but with regard to the second he considers that 
they should be examined in their own homes, and each case should 
be judged on its own merits, and the tliird class is intermediate in 
risk between the second and fourth. 

The native Egyptian appears to be a great difiiculty, owing to 
the paucity and unreliability the family history, while sexual 
excess and cigarette-smoking aie considered to balance the lack 
of alcoholic excess. Rheumatic fever, tuberculosis, and syphilis 
are rife, and h^ is liable to many tropical diseases, including ankylo- 
stomiasis, pellagra, splenomegaly, relapsing fever, typhus fever, 
and the schistosomiases, so that he is not a good risk until education 
and sanitation improve matters; but D<iy says a proposer then in 
good health, and whose children arc successfully reared and whose 
education has been sound, may be accepted for a whole life on 
European terms, but this was contested during the discussion on 
his paper. 

The common sense of the whole matter is that there is an increased 
risk on the life of the European living in the tropics, and that it is 
most marked during the earlier years of his residence; there is a 
considerable risk in insuring native men, and that this is greatly 
increased when considering native women. 

EXPECTATION OF LIFE IN TROPICAL NATIVES. 

The expectation of life in India com})ared with the same lor 
England may be gathered from the following table obtained from 
Hardy via McCay’s book:- - 


India, ' England. 



Males. 

i Eemales. 

Males. 

Females. 

o 

2 4’ 6 

\ 25*5 

43*7 

47*2 

5 

37*1 

36*1 

52*7 

54*9 

lO 

35-5 

! 34*4 

49-0 

51-1 


32*3 

i 31*7 

: 44*5 

46-5 

20 

29*2 

1 29*3 

1 4^^*3 

42-4 

25 

26*3 


36-3 

38-5 

35 

21*1 

22*4 

28-9 

31-2 

45 

i6*5 

17.9 

22*1 

24*0 

55 

12*2 

13-2 

15*7 

17*2 

65 

8-2 

: 8-7 

i It^3 

11*3 


The figures speak for themselves, but they were compiled years 
ago, and it is possible that more modem tables might show a better 
expectation of life. 
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CHAPTER VII 

TEMPERATURE AND HUMIDITY 

l-^eliminary — High atmospheric temperatures — Conclusions— Keferenc es. 


PRELIMINARY. 

Having finished with the introductory portion of our task, we 
enter upon the second part of this book, which is devoted to the 
causation of disease, and is therefore essentially pathological. This 
subject is divided into three sections, embracing the physical, 
chemical, and parasitic causes of tropical diseases. 

HIGH ATMOSPHERIC TEMPERATURES. 

The present short chapter is confined to a brief consideration of 
the pathological effects of high atmospheric temperatures, which 
are the most important physical causes of disease in the tropics, 
and are only markedly evident when there is a definite amount of 
atmospheric humidity; and therefore we havc^ entitled this chapter 
Temperature and Humidity. 

To exemplify what we mean we will quote a concrete example. 
In a certain tropical locality there were the usual high air tempera- 
tures with relatively low humidity and cool nights until about the 
middle of a month, when the temperature rose to Ii6° F., the humi- 
dity increased, the sky became cloudy, and for twenty-four hours 
there was little breeze. During this period about fifty laboratory 
animals died, though well protected from the sun by living in large 
brick houses. They showed post-mortem the typical signs of heat- 
stroke — viz., the congestion of the meninges and brain, and the 
marked congestion of the lungs, which were almost black with 
stagnated blood. During this period there were a few deaths in 
the population of the place from the same cause. 

Clinical experience has shown that there are two different pictures 
associated with the pathological effects of high air temperatures. 
The first picture is that of extremely high fever, and is called heat- 
stroke ; while the second is depicted by collapse and low bodily 
temperatures, and is named heat-syncope. 

We have investigated these two conditions experimentally. It 
was our practice in our journeys from Ceylon to Europe to test the 
effects of high air temperatures upon ourselves, and such of our 
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fellow-passengers as took an interest therein, when passing through 
the Red Sea in the hot months thereof. 

The air of the engine-room in steamers is laden with aqueous 
vapour, and certain corners can be found near the condensers with 
high air temperatures and practically no draught — or, in other 
words, with conditions analogous to those under which Haldane 
performed his experiments which we have mentioned in Chapter III. 

When the steamer is in the hottest part of the Red Sea in a warm 
month, if a person, lightly clad and in good health, places himself 
in such a comer, witli a clinical thermometer in his mouth, it will be 
found that at first he begins to sweat violently, and for a time remains 
at a normal temi)ca'ature. But in due course his temperature will 
gradually rise and his pulse-rate increase, until temperatures of 
over 102° F. are readied, and the person breaks off the experiment 
because he feels uncomfortable, after which his temperature slowly 
returns to normal. 

Wo ha ve ])erformed this simple experiment several times, but on 
one occasion, in a person who was not in very good health, the 
temperature, after reaching ioi° F., ceased to rise; the skin became 
cooler, the tension of the pulse altered remarkably, and he began 
to look ill. The exiieriment was quickly stopped and stimulants 
administered, so that he did not suffer any serious effects, though 
it was some hours before he felt quite right. 

These two experiments show that a high atmospheric tempera- 
ture can act in two ways. In the hrst there was a gradual rise of the 
body tem])era,ture, which, if continued long enough, would probeibly 
have result (H I in hyiierpyrexia. In the second, after an initial rise, 
the heart becanu' embarrassed, and if the heat had been continued, 
there a.})pears no reason to dcaibt that this person would have 
passed into a condition of syncope. 

There are, therefore, two distinct clinical entities to be considered 
— “Viz., heat-stroke, characterized by high bodily temperature; 
and heat-syncope, in which there are symptoms due to cardiac 
failure but no fever, both of which are brought about by the same 
cause - viz., high atmospheric temperatures associated with 
moderate or high humidity. 

vSuch are our views ; but it is as well for the reader to be acquainted 
with those of other authors, which may be briefly stated in an 
historical account as follows : — 

High air tomperatures, whether in the day lime or at night, have been 
known since ancient times to have an effect uj)on human beings. The case of 
the child of the Shunamite woman dc.scribecl in the English Bible in 2 Kings iv., 
from verse 18 onwards, is probably the earliest on record. The child com- 
plained to his father of liis head when out with the reapers, and was carried 
to his mother, and is reported to have died at twelve noon — became insensible 
— but recovered under Elisha’s treatment, which appears to have been of the 
nature of massage. This treatment reminds one strongly of the active 
friction by which the miners of the Comstock Silver Mines of Nevada are said 
to treat successfully those of then- fellows who faint when coming out of the 
warm mine in which the hot, steamy air has a temperature of 128° F. • 

It has been said that though old writers such as Dio Cassius described these 
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conditions, the medical writers of ancient times were silent about them. 
This does not seem to be quite just, for Paulus iEgineta, Oribasius, and the 
Arabians certeinly understood that there were head symptoms which they 
called * siriasis ' (after Sirius, the dog-starj, due to excessive heat. Certainly 
this knowledge was lost, and Cardanus, 111 the sixteenth century, describes 
symptoms due to morbus attonitus (apoplexy) brought about by the heat and 
drought of the summer of 1543 in Florence. After this for a long time the 
disease was considered to be an apoplexy till Boerhaave, early in the 
eighteenth century, introduced the name' insolatio,’ and considered it to be 
a phrenitis — i.e., meningitis. 

Steinkuhl (1819) thought that the congestion of the lungs caused death by 
asphyxia; Swift (1S54) that it was due to exhaustion produced by fatigue; 
Hill (1857) evidently confounded pernicious malaria and heat stroke. Lcvick 
(1S39) suggested that it was an acute specific fever; II. C. Wood (1863) con- 
siclered that it was due to a ] oison developed in the blood, and called it 
thermic fever; while Stiles (1864) performed experiments on animals, and 
concluded that the disease was due to the direct efiect of heat on the muscular 
system. 

In 1869 Eulenberg and Vohl stated that the disease was due to sudden 
liberation of the gases in the blood; and Weikard and Richardson attributed 
it to clotting of blood in the vessels. 

In 1870 Vallin performed several experiments by locally heating parts of 
the bod 3% and concluded that there were two conditions: (i) sthenic insolation, 
due to coagulation of the muscle fibres of the left ventricle; (2) asthenic: 
insolation, due to the action of heat on the nerve centres of the brain, thus 
disturbing the innervation of the heart. 

In 1871 and 1872 Claude Bernard performed some experiments which 
tended to show that when a warm-l)looded animal died as the result of heat, 
it was due to rigor in the musculature of the heart. 

In 1872 H. C. Wood performed experiments which showed that sunstroke 
could be produced in animals as readily as in man by artificial or natural 
heat. 

He came to the conclusion that death took place from asphyxia, and that 
after death the rigidity of heart and muscles was due to the coagulation of 
the myosin, and he further pointed out that this will lake place at once in the 
heart if the temperature ol the body reaches 115® F., and said that he con- 
sidered it to be the cause of sudden deaths in soldiers in battle. Further, he 
pointed out that the heating of the brain of a mammal to 108° F. produces 
insensibility, with or without convulsions, and tha.t when 1 j 3° I^'. was reached 
the animal died, and that, though the general .s3unj)toms of sunstroke were 
absent, the nervous symptoms were present. He came to the conclusion that 
no capillary thrombi were formed, that no poisons were generated in the 
blood, and that the real condition was the heat acting upon the nervous 
system, as a result of which there was rapid metabolism, which used up 
ox^^gen and at the .same time induced brain changes, causing asphyxia. But 
he distinguished from the true heat-stroke; — 

1. Acute meningitis or phrenitis, due to exposure to the sun, in which he 
disbelieved. 

2. Heat exhaustion, due to working in a heated atmosphere, which he said 
did not differ from acute exhaustion due to other causes, and therefore was 
not true sunstroke. 

In 1879 Jacubash classified heat accidents into: (i) sunstroke due to the 
action of the sun on the body, when the temperature may reach 113° to 
115° F. (45® to 46° C.); (2) heat-stroke, due to exertion, and often seen in 
marching troops in the Temperate Zone; (3) thermic fever , which he considered 
to be the true heat-stroke of the tropics, due to accumulation of heat in the 
human body in consequence of high atmospheric temperatures without 
exposure to the sun or muscular exercise. 

Dony (1884) considered that there were two main conditions: (i) sunstioke, 
due to the sun’s rays acting upon the cranium and brain, only without very 
great rise of temperature; ancf (2) heat-stroke, due to intense heat acting on 
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the whole body and after certain prodromes, resulting in a rapid rise of tem- 
perature to a great height. 

In 1893 Saquel classified the diseases into (i) sunstroke, meaning the 
erythema due to the sun's rays; and (2) insolation, meaning the action of the 
sun on the nervous system, producing either congestion (mild form in the Tem- 
perate Zone) or meningitis and encephalitis (severe form in the tropics); 
(3) heat-stroke ; and (4) thermopeliosis, a combination of insolation and heat- 
stroke. 

In 1898 Sambon defined heat exhaustion as an ordinary syncope, wliile he 
considers tliat under the term ' sunstroke ' there is confounded an infectious 
fever which he calls ' siriasis,’ due to some micro-organism as yet not defined. 

In the period 1898-1907 Sir Patrick Manson, in his book on tropical diseases, 
recognized thi-ee conditions: (i) heat exhaustion— sudden cardiac failure or 
fainting, brou gilt about by exposure to high atmospheric temperature; 
(2) siriasis, an acute disease developing in the presence of high atmospheric 
temperature, and characterized by sudden incidence of hyperpyrexia, coma; 
and {3) sun traumatism, or direct action of the sun’s rays on the tissue, causing 
either sudden death or a febrile condition. 

In 1905 Van Brero, in Mcnsc's ' Handbuch der Tropenkrankheiten/ recog- 
nizes (i) heat exhaustion, due to excessive heal from the sun or other source; 
and (2) sun traumatism, caused by the direct action of the sun’s rays. 

In 1907 Sir Joseph Fayrer, in Allbutt and Kolleston's’ System,' recognizes 
(i) a state of exhaustion leading to syncope, and (2) an overheating of the 
nervous centres, blood, and tissues, leading to thermic fever. 

In I9^>8 Brook defines diathermasia as the effect of heat on the thovmotaxic 
memianism, and phoebism, a kind of shock due to the actinic rays from the sun. 

(For the continuation of this history see Chapter LVI.) 

It will thus 1)0 soon that authorities in general recognize the action 
of heat and the action of sun’s rays as being separate, and, further, 
that heat may produce a syncopal condition of fever, while the sun’s 
rays may also cause syncope and fever. Some few, including 
especially Sambon, suspect the presence of an acute specific fever 
as being concealed in the diseases above mentioned. Others, again, 
consider the symptoms to be toxic in origin, so that there are four 
theories: (i) caloric; (2) actinic; (3) microbic; (4) toxic. 

CONCLUSIONS. 

Personally , we believe that high atmospheric temperatures with a 
sufficiently high atmosi)lieric humidity and more or less stagnation 
of the air can produce the clinical pictures called heai-slroke and 
heat-syncope, especially in people working hard at manual labour and 
clad in unsuitable clothing. 

As to the reason why some persons should develop these 
symptoms, while others living under exactly similar conditions 
escape, we believe it to be a matter of general health and personal 
habits, which in the one case disturb the metabolism of the body, 
causing a derangement of physical or chemical heat regulation, while 
in the other case this mechanism is working normally. 

The regulation of bodily heat can be disturbed by anything which 
tends to derange metabolism or heat regulation, such as overwork, 
lack of care in protecting the body as much as possible from heat 
by the means indicated in Chapter III., p. 89. alcoholism, and the 
effects of bodily disease. 
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Muscular work is especially dangerous, as under certain conditions 
even a couple of sets of tennis may produce a temporary increase 
of the bodily temperature, which may rise as high as ioi°-io2° F. 

If in addition to tlic deranged heat regulation there is added 
cardiac weakness or lack of vaso-motor control, then heat-syncope 
and not heat-stroke appears. 

The essential pathological change producing death from heat- 
stroke is the partial coagulation of the globulin found in the cells 
of the body. It is possible that this coagulation takes place first 
in voluntary and cardiac musclt;s, thus leading to rc'spiratory and 
cardiac failure, while later marked changes an* to be found in the 
nerve cells, especially in tlie medulla, leading to clrromatolysis. 

Th(' clinical description of these diseases will be found in the 
third part of this book, in ('hapter LVI. 
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Prvli 111 i HP ry — Increased pressure — Diminished pressure — Kadiation — 

] d et trici ty — Re ( c r enc es . 

PRELIMINARY. 

Th!'. ])r( scnt cha])ter is devoted to the study of the pathological 
effects of ntinospheric pressure when considerably increased or 
diininislied, -tnd of the rays from the sun under conditions whicli 
produce diseasiu 

If there an' ])atliological effects, other tlian those alrt'ady 
mentioned (p. 88), as the result of rays from the moon, they are 
unknown. Ih'obably they do not exist, and possibly the effects 
already describc'd may be due to the fact that the mooids rays when 
reflected betaiiuc polarized. 

A passing" reference will be made to the effects of lightning, as 
deatli from 1 1) is cause is not infrequent in the tropics. 

INCREASED PRESSURE. 

The work of fa.cilitating trade by means of roads and railways 
throughout the trojhcs necessitates tlie construction of bridges 
a, cross deep rivers, and therefore for many years to come the effects 
of artificially increasi'd atmospheric pressure will be more obvious 
in these regions than elsewhere. 

Moreover, for centuries tropical natives have been exposed to 
increased pressure when diving for commercial purposes, and though 
generally they do not remain down long enough to suffer any bad 
effects, still at times these are noted. 

The effects of greatly increased atmospheric pressure are usually 
termed ' caisson clisease,’ because it was observed first in connection 
with the special compressed air apparatus used by engineers for 
work under water. 

In 1878 Paul Bert, as the results of his experiments upon animals, 
showed that tlie extraordinaiy symptoms of this disease could all 
be ex])lained by increased atmospheric pressure, but it is mainly 
by (lie labours of Leonard Hill that Paul Bert’s work has been 
confirmed and made known. 

Symptoms of the di.sease are rarely observed until a pressure of 
one atmosphere (15 pounds to the square inch) has been reached, 
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but above that point the danger rapidly increases, and at two 
atmospheres the risk is very considerable. 

The causation is due to the fact that the blood absorbs nitrogen 
from the compressed air, and this gas is retained in simple solution 
in the blood-plasma solely by the increased pressure. If, now, this 
pressure be rapidly diminished, the nitrogen is liberated in the form 
of bubbles in the plasma, and these in their turn block the capillaries 
and also tend to accumulate in the heart. The other gases, oxygen 
and carbon dioxide, have nothing to do with the causation, for 
obvious reasons, because oxygen would be rapidly absorbed by the 
tissues, and the other gas cannot be increased in the blood affected 
by compressed air. 

Nitrogen is also held in solution in the tissues, especially in fat, 
and hence fat people are more susceptible to the disease. 

Time is required to saturate the blood and tissues with nitrogen, 
and therefore the danger increases with the length of exposure. 

The actual liberation of the bubbles of nitrogen will not take 
place until decompression is begun. 11 this is rapid, then the 
symptoms will be severe; if slow, they may be few or absent; but it 
has been found that danger depends upon relative and not absolute 
reduction. Thus, two atmospheres may safely be reduced to one, 
four to two, six to three, but three atmospheres cannot be reduced 
to one without danger. 

Decompression should therefore be based upon reduction to one- 
half of that at which work has been done, and after that there is a 
considerable pause, during which muscular exercises are performed 
to rid the body of the nitrogen; and, again, a half-decompression, 
and so on, but each interval must be considerable. 

As the symptoms are due to bubbles of gas, they arc extremely 
varied, but pain and paralysis are the most marked, and should be 
treated by immediate recompression, followed by slow decompression. 

The medical examination of persons about to work on these lines 
is most necessary, and all fat persons and those with any organic 
lesion should be rejected. 

DIMINISHED PRESSURE. 

The attention of tropical workers has been drawn of late to the 
effects of diminished atmospheric pressure as exemplified by able 
accounts of the mountain sicknes:^ of the Andes. 

Normal atmospheric pressure in alveolar air, which is saturated with aqueous 
vapour, is 760 millimetres of mercury, of wliich 47 are due to the pressure 
of the aqueous vapour, and therefore the rest is due to air gases, of which 
oxygen, which is present in a proportion of 14*2 per cent., is responsible for 
loi and carbon dioxide for 40 millimetres. 

If the oxygen percentage in in.spired air falls from 20*9 to 12 per cent., 
hyperpnoea takes place; if to 10 per cent., cyanosis appears and increased 
frequency of the heart; and at 5 per cent, there is loss of consciousness. 

If the atmospheric pressure is reduced to 580 millimetres, the want of oxygen 
begins to tell upon the breathing, and the carbon dioxide pressure in alveolar 
air is also diminished. 



144 


PRESSURE AND RADIATION 


Mosso and Aggazotti, noting the favourable effects of adding CO2 to inspked 
air and reduced oxygen pressure, came to the conclusion that mountain sick- 
ness was * acapnia ' — i.c., primarily due to deficiency in carbon dioxide — 
but the real facts are that Paul Bert was right in tracing it primarily to lack 
of oxygen, produced gradually. Mountain sickness usually begins about 
6,000 to 7,000 feet, and is more marked at heights of over 10,000, but after a 
sojourn of one or two weeks the effects pass away. The physiological effects 
of high altitudes have been studied by Haldane, Douglas, and others, at a 
height of 14,000 feet and a barometric pressure of 457, when it was found that 
though persons became ill within half an hour of arrival, their symptoms were 
relieved immediately by inhalation of oxygen, and acclimatization took place 
within eight to ten da5^s. 

The partial pressure of COg in alveolar air had fallen to 27 millimetres, 
and the carbon dioxide ventilation had increased considerably, and therefore 
the alveolar oxygen pressure was raised above what it otherwise would have 
been — i.c., 52 millimetres. 

The arterial oxygen pressurt^ was 35 millimetres above oxygen pressure in 
alveolar air, and accounted for the disappearance of mountain sickness and 
lor the bright red colon r of the lips. On arrival it is little above that of alveolar 
air, therefore acclimatization depends upon the development of the powers of 
the epithelium of the lung alveoli to actively secrete oxygen inwards, a power 
which does not exist during rest at sea-level. 

The haimoglobin is increased in afewweeksT'esidenceto ii5to 154 per cent., 
as indicated by the Gowers-Haldanc scale; and this slow increase is associated 
will] a slow increase in Ihe total haemoglobin of the body and a slight increase 
in the blood volume. 

The red Ixjne marrow is increased in amount (as shown by experiments on 
dogs by Zantz), and there is new formation of red cor]msclcs and a diminished 
alkalinity o! tlu' plasma for unknown reasons. 


RADIATION. 

Kadiatioii from tlte sun, of heat and chemical rays, is potentially 
an important factor in producing p)athologica] conditions in man 
residing in all climates, but more particularly in the tropics. 

In It'inporatc climates its heat effects have been especially studied 
by Ivubner. Cramer, and Wolpert, who state that, adding half the 
numbc‘r of degress of difference between the register of the black 
bulb thermometer and that of the shade thermometer to the shade 
t('mperature. one obtains a figure which corresponds to the thermic 
(dfects of the sun. This calculation in the tropics gives a temj:)era- 
turc considerably above that of the body, but the only exact method 
of measuring the caloric value of radiation from the sun is the 
pyrhcliomcier of An^'sirimi, as used in Manila by Aron. Schmidt 
estimates th(‘ heat effect of the tropical sun as being equal to 2 small 
calories per square centimetre per minute. 

Now, the animal body having a much higher coefficient of absorp- 
tion of heat than has the air, is capable of absorbing these rays, 
and hence of becoming hotter; therefore in this way exposure to 
the sun tends to make the body hotter and helps in the production 
of the heat-stroke already considered in the last chapter. 

It is, however, with the cliemical rays that we arc more concerned 
in the present section, and as yet there are but few observations on 
this subject in the tropics. 

The earliest experiments, with a view to ascertaining definitely 
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whether there is such a condition, were those by Scaghosi on rabbits 
exposed to the Sicilian sun. Their temperature rose considerably, 
and if the experiment was continued long enough they died, but 
if it was stopped they recovered. The post-mortem changes were 
hyperaemia of the meninges, heart, lungs, liver, and spleen. The 
nerve cells of the brain and spinal cord showed coagulative necrosis 
and chromatolysis. 

The next experiments of importance on the aetiology of this 
condition are those of Moller on rabbits, who showed that thermal 
rays, with or without chemical ra^^s, if directed on to the skin cover- 
ing the skull, produced more or less intense cerebral disturbance, 
and sometimes even sudden death. The autopsy after intense 
irradiation showed the skin of the head much swollen and bloody, 
with gelatinous exudation in the subcutaneous tissue. The peri- 
osteum, cranial bones, and dura were discoloured, and covered with 
ecchymoses. The vessels of the brain surface were much dilated, 
and showed numerous, and in part confluent, ecchymoses. 

Our own experiments on rabbits, performed yearly for several 
years, during the particularly hot weather in Colombo, show that 
if such animals are exposed to the sun at about twelve noon they 
die with all the symptoms, post-mortem appearances, macroscopical 
and microscopical, of sunstroke, in about sixty-seven minutes, 
whereas other rabbits similarly treated and exposed at the same 
time and in the same place, but protected by red glass, live. 
Although it is true that the red glass did absorb a proportion of the 
heat rays, still the rabbit was intensely hot to the touch at the end 
of the experiment, being kept in position under the red glass by 
being placed in a box painted black externally and so narrow that 
the sun's rays fell directly upon its shaven head and unshaven back. 
Nevertheless, the protected rabbits, though kept under observation 
for months, never seemed to be any the worse for their treatment. 

We came to the conclusion that the ultra-violet rays were not 
the pathogenic agent in these experiments, but that the active rays 
were in the visible blue and violet ; and in this we were much aided 
by Professor Browning, who supplied us with glasses spectroscopi- 
cally adjusted. 

Aron studied the action of the tropical sun in the Philippine Islands, and 
concluded — 

1. Under climatic conditions rabbits and monkeys, having by nature only 
a limited power of physical heat regulation, die if exposed to sun, the body 
temperature rising to febrile heights. 

2. The post-mortem findings are haemorrhagic lesions of the meninges and 
(in monkeys) of the heart. 

3. In animals with a poorly developed sweat-gland system the subcutaneous 
tissues are heated by radiation from the sun to temperatures above that com-^ 
patible with life. 

4. The human skin is warmed to about 3° to 4° above normal skin tempera- 
ture, but an increase in bodily temperature is prevented by evaporation of 
sweat, which causes a fall of skin temperature. 

5. Brown skin shows a smaller rise in temperature than white skin, due pos- 
sibly to an earlier and better water evaporation by sweat secretion. Hence a 
coloured skin is a better heat regulator than a white skin. 

10 
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6. The air in human hair, especially black hair, under the influence of the 
tkt^ical sun, acquires temperatures far above those compatible with life. 

He also states that increased body temperature probably accounts for many 
of the accidents called sunstroke or heat-stroke, and he thinks that an excessive 
and continued watery evaporation from the skin, while avoiding a rise of body 
temperature, may lead to collapse, unless the lost water is replaced. 

We believe that it is possible that direct radiation from the sun 
can bring about sudden death and congestion of the meninges of 
the brain. The connection between sunstroke and the chemical 
rays requires more investigation; but, whatever this may produce, 
there is no doubt that if the improperly protected head is exposed 
to radiation from the sun, headache and a feeling of illness is often 
produced, and that therefore adequate protection is required. 

As is well known, monkeys prefer the shade to the sun’s rays, and 
seem to understand the danger therefrom ; and yet no one is afraid 
of monkeys dying from the heat in laboratory outhouses, though its 
effect on other kinds of tropical animals, such as gerbils, is a matter 
of bitter experience, leading to the loss of strains of trypanosomes. 

We hold, however, that there is no clinical difference between 
heat-stroke and sunstroke, and therefore these will be considered 
as one and the same disease in the clinical section of this work 
(see Chapter LVI., p. 1449). 


ELECTRICITY. 

Thunderstorms are often of extreme violence in the tropics, and death from 
lightning-strok(‘ is much commoner than in the Tem]:)erate Zone; but the signs 
of lightning-sltoke are exactly the same as those usually recorded in books 
on general surgery, and need not be repeated here. 
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SOME TROPICAL TRAUMATISMS 

Remarks — Traumatisms brought about by animal agencies: the larger 
Carnivora; the smaller Carnivora; the Ungulata; the Proboscidae; the 
Reptiiia; the Selachii; Man — Traumatisms due to physical agencies: 
Foot-binding— Heavy fruits — Electric fans— Powdered glass— Bamboo 
hairs — References. 

REMARKS. 

In the tropics many accidents and injuries occur which are 
but rarely met with in temperate climates. These accidents 
and injuries may be divided into two categories— traumatisms 
brought about by animal agencies, and those due to physical 
agencies. Under the first heading come those caused by the bites 
or maulings of wild and domestic animals, as well as the injuries 
caused by man’s bite. In the second division arc grouped various 
accidents caused by electric fans, by the fall of heavy fruits from 
trees, and, lastly, the peculiar deformity of the foot in high-class 
Chinese women brought about by bandaging the feet of young 
female children. 

There are, of course, many other traumatisms which might be 
worthy of note, as, for example, penetrating wounds of the abdomen 
by sword fish, as described by Renner, or bites by Congo fish, as 
privately mentioned to us by Christy; but they are either too rarely 
met with, or else they are too well known in the Temperate Zone to 
require notice here. 

It will be observed that we make a distinction between the 
physical injury caused by the bite of one of the larger animals and 
the chemical injury caused by a venomous animal, and we do this 
advisedly, while fully recognizing that the former may introduce 
septic toxins, sometimes in large amount, as well as germs into the 
wounds so produced. 

TRAUMATISMS BROUGHT ABOUT BY ANIMAL AGENCIES. 

Traumatisms caused by the Larger Carnivora,— The word ‘ trau- 
matism ’ is peculiarly suitable for this nomenclature, as it is derived 
from the Greek words T/)uf/xa (a wound) and Otjpiov (a wild animal). 
The synonyms are Morsus and Rostro et Unguibus dilacera- 
tio (Latin); ^yp■o., Siavirao-fio^ ; KttTra-is, (Tffapoy/xds (Greek); 
Morsures, Dechirements musculaires, Dilacerations, Deplecement 
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des chairs, Myalgies traumath^rigenes (French). Under the defini- 
tion ' Traumatisms caused by the larger Carnivora we refer especi- 
ally to the injuries inflicted by the bites, rends, and scratches pro- 
duced by the teeth and claws of species belonging to the families 
Felidae and Ursidae. 

In the Felidae are Felis leo Linnaeus, whose habitat is Africa and 
Asia; F, tigris Linnaeus, habitat Asia; F. pardus Linnaeus, habitat 
India; F. leopardus, habitat Africa; F. onca Linnaeus, habitat South 
America; F. pardalis Linnaeus, habitat South America. These 


cats have a general dental formula, giving thirty teeth 

for the whole mouth, which include the most perfect types of carnas- 
sial teeth capable of producing exceedingly severe lacerations. 
These animals feed not merely on the fresh prey which they have 
recently slain, but also on its body for a day or so after its death. 
Their maws and claws, therefore, become exceedingly foul, being 
infected with micro-organisms and their toxins, and hence the great 
conger of septic intoxication and infection, which markedly increases 
the gravity of the injuries inflicted. 

The other family, Ursidae, includes the bears which are found in 
India and Ceylon e.g., Ursus torquatus, of the Himalayas, and 


U. malayanus. Their dental formula is =forty-two 

mouth iDut these do not include carnassml teeth, which, 
added to the facts that they are not as a rule such foul feeders and 
often eat vegetal foods, causes their bites to be not quite so serious 
from a. septic point of view as those of the Feiid®. Their claws 

SfTStic mtu?e°'^’'‘'^ traumatic and 


The importance of the septicity of these wounds has been well 
■ e=iriiest times, for in the fifth book of his 

remarks with regard to the bites of men, 
ferocious animals, ‘ Omnis autem fere morsus habet 
quoddam virus,' and on this he based his treatment, fhl ££ 
ment has been quoted again and again in the centuries which have 
passed since the days of Celsus: for e.xample, by Morgagni when 
mvestigatmg the sctious illness produced in a yLng fad^y b^the 
^ck of a sparrow inflicted on a finger, and by Keister, of Hdm^adt 
in the section on bites m his ‘ System of Surgery,’ publish^ nr ^Jr,’ 
possible for any person of any age and eithe/sex 
to be the victim of wounds inflicted by these animals but fh 
persons most frequently injured are hunters (shikarisjind sports- 
men, while the district postmen in jungle regions run great risk as 
do shepherds and to a less extent, herdsmen, Ind to a stfu Iess"xt’ent 

The pr^nt writers have also encountered wild animals under nn- 
expected circumstances during their loumevs into thf» inf r 

Al^; bu, Ih. which =m%rdhiaS SSlS'ii h'hS ™ S 
portere nins is Klutivcly smaU, particularly if he has 



TRAUMATISMS BROUGHT ABOUT BY ANIMAL AGENCIES 149 

knowledge of the habits of these animals. The most dangerous 
region to travel through is tall grass, as the hunter or traveller and 
the wild beast may meet suddenly, and it is here that an accident 
is more likely to occur than in more open scrub country. Another 
prevalent cause of accidents is the beating by means of men on foot 
of jungle or bush into which a wounded animal has retreated. The 
especially dangerous animal under such circumstances is the tiger, 
and as eminent as authority as Sir Samuel Baker has especially 
drawn attention to this fact, and has stated that if no elephants are 
available then a herd of buffaloes should l)e driven through the 
jungle, as they will quickly dislodge the tiger. The possible presence 
in the vicimty of the mate of the attacked animal should always be 
borne in mind, as the omission to remember this simple fact has often 
led to unpleasant accidents. 

The physical signs and symptoms produced by these bites and 
mauls may be divided into general and local. With regard to the 
former, immediately after being bitten or mauled the victim, if 
able to stand, feels giddy, turns pale, becomes unable to stand, 
and, if the injury is at all severe, quickly passes into a condition of 
shock with a weak pulse, cold extremities, pinched and drawn face, 
and weak voice, and may become insensible, which, indeed, is often 
his condition when first rescued in the severer cases. As a rule he 
remains in a more or less torpid condition, sleeping day and night, 
and suffering severely, when aroused, from thirst and pain. All 
these symptoms are more accentuated in Europeans than in natives. 

Usually reaction sets in fairly quickly, the temperature rising 
to 101° to 102® F, or even more, while the pulse is generally quick, 
ranging about no to 120 beats per minute. Usually the torpor 
continues for some time, but delirium may intervene. The mouth 
and throat continue to be dry, and thirst is still a marked symptom. 
Locally the injured region may show rends and tears in the skin, 
lacerations of the muscles, tendons exposed and tom, vessels and 
nerves injured, and perhaps torn across, with more or less lisemor- 
rhage, bones may be exposed, bruised, broken, or dislocated, joints 
may be exposed, opened, and injured. Around the injured regions 
the parts are bluish or red in colour, and swollen, and quickly 
become oedematous, firm, and hot to the touch. 

If the wounds are but slight, the inflammation may remain super- 
ficial, but usually the great danger is a cellulitis associated with pus 
formation and intermittent fever. A more serious complication 
is spreading or acute traumatic gangrene. Later, as the patient 
recovers, there is the liability of sinus formation and of stiffness in 
joints. 

It is very important to remember that malaria can occur as a 
complication, and that therefore some of the intermittent tempera- 
ture may at times be due to this cause. There is no difficulty with 
regard to the diagnosis as a rule, as there is generally a history to 
be obtained, while the local signs are sufficiently indicative^of the 
condition, but the prognosis with regard to even slight wounds 
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must at first be guarded, especially in 

to foretell how serious the intercurrent septic infection may i 

The treatment resohes itself into two distinct categories: first, 
the first aid wlien the rescues is effected; and, secondly, the usual 


surgical treatment. 

With regard to the lirst aid, the usual methods for arresting 
liaemorrhage, combating shock, and carrying the victim are too 
well known to require repetition, but the thorough washing of the 
wound with water, e\"en jungle water, would appear preferable to 
leaving the poisons from the animal’s teeth and claws in the wound. 
We consider tliat a small first-aid surgical case containing antiseptics, 
bandages, vie., slioiild form part of the outfit of every sportsman, 
and iliac antiseptics should be added to the water used to wash the 
wound. 

As a rule the luemorrhage has more or less abated by the time 
the man n^aclic'S a hospital, but any possible source of bleeding 
must ])e at oncc‘ attended to, and the wound thoroughly washed 
and syring(‘d witli warm iodine lotion. Pieces of dead or sloughing 
tissue may he, removed, but it is better to defer any serious operative 
treatment for twenty-four hours if ])Ossiblc, as it is very dangerous 
to perform anything of this nature in the condition of shock usually 
(exhibited by the ])atk‘iU. 1'Iie parts may be drawn together by a 
suture' if neec'ssary, but very few of tliese should be inserted, and as 
frt'e drainage as ])ossible allowed. Repeated and carefully applied 
antiseptic dressings must be carried out. Antitetanic serum should 
always be adniinistc'red with the vic'w of preventing possible tetanus. 

As soon as then' is any susincion that cellulitis has supervened, 
free incisions must be made, and hot antiseptic l)aths, hot fomenta- 
tions, or Bier’s treatment must be ap])lied. 

Amputation is necessary if spreading traumatic gangrene super- 
venes, when it must he [lerformed as high up the limb as reasonable, 
as it is useless to do repeated operations first at low and then at 
higher levels, while all the time the disease is spreading. Sinuses 
require to be scra])ed and plugged with antiseptic gauze. 

When recovery is ])rocccding and the sei)tic infections have 
ceased, plastic operations are necessary to close the large wounds 
loft by the destruction of the tissues, while massage and douches 
may be required to iirc vtuit joints from becoming stiff. 

As regards general treatment, the first requirement of the' ])atient 
is usually plenty of water to drink to relieve the urgent thirst from 
which he suffers, and to dilute the toxins of the possible intoxication. 

At first the food should be of the lightest descri])tion — broths, 
soups, and milk diet — and later the ordinary hospital diets may be 
gradually introduced. 

With regard to prophylaxis, tlu' natives often adopt simple 
protective remedies, such as a bell and spear, or a stick and a small 
axe, the latter being in use in districts infested by small bears. 
For a sportsman it is important to thoroughly understand the habits 
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of the ferocious creatures which he is hunting, and especially to 
know what they usually do when wounded. In travelling in the 
African bush, a zareba with a fire is usually a good protection during 
the night. 

Traumatisms caused by the Smaller Carnivora, — Under this 
heading come the traumatisms caused by members of the family 
Canidae, of which Canis lupus Linnaeus, the wolf, C. aureus, the 
jackal, and C. familiaris, the dog, may be quoted. Their general 

dental formula is ^ = forty-two teeth. A wolf bite resembles 

3- I- 4» 3 

that of the larger Carnivora, while jackals generally attack 
children, inficting severe wounds, often of a septic nature. The 
jackal is often infected with hydrophobia, which he spreads to the 
village dogs, and in this way the disease is kept up in tropical 
countries. There can be no doubt that, at the present time, hydro- 
phobia is one of the real dangers of a tropical town or village, where 
a large number of pariah dogs are, as a rule, allowed to run freely 
about the streets and make themselves as objectionable as they 
like. The result is that a number of children and adults are bitten 
every now and again, and are compelled to seek protection against 
possible infection by treatment at one of the now numerous Pasteur 
Institutes. In our opinion, some attempt should be made by 
muzzling dogs for a period of at least two years throughout a country, 
and the destruction of all dogs not so protected, to diminish this 
danger. We also consider that the destruction of all ownerless 
dogs — i.e., dogs without a collar on which a name is engraved — 
should be conducted by a systematic organization. 

The parasite of hydrophobia is described in Chapter XXII., 
P. 535. 

One of the most important forms in which rabies attacks dogs 
is that called ‘ dumb rabies,' in which the lower jaw early becomes 
paralyzed; this is a form often overlooked for some time by non- 
medical people, and is a source of great danger. 

Anyone interested in this subject must, however, consult a book 
on general medicine, as this is hardly the place for a description of 
rabies. 

Rat and cat bite diseases are described in Chapter Lll. , p. 1356. 

Traumatisms caused by the Ungulata. — Among the Herbivora 
there are two families which are celebrated for vicious attacks upon 
man, and these are the Camelidce and the Bovidae. 

Camelus hractrianus Linnaeus may at times have a bad temper, 
and it is often dangerous for a stranger to approach a camel, for its 
bite is, as a rule, a serious injury, the deep tissues being crushed 
and lacerated, while the bones may be crushed, broken, or dis- 
located, and tendons, bursae, and joints may be laid bare or opened, 
and last, and by no means least, because of the possibility of gan- 
grene and severe septic infection. The bites generally occur on 
the upper or lower limb, but are also well known on the head and 
face. The shock from such severe injuries is naturally very great. 
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but the symptoms, signs, and treatment resemble those already 
mentioned under the heading of traumatisms caused by the Car- 
nivora, and need not be repeated. 

Among the Bovid^e, tlie buffalo is very dangerous — e.g., Buffelus 
indicus in India and Ceylon, and Buhalus hrachyceros in Central 
Africa — the danger being deep, penetrating wounds of the limbs, 
chest, or abdomen, as well as severe punctured, lacerated, and 
contused wounds in any part of the body. 



Fig. 8. — Camel Bite. 

(From a photograph g’vcn to us by Christopherson.) 

Here attention may be drawn to the fact that horses may become 
affected with hydrophobia, which, in animals treated as family 
pets, is a serious danger. The animal appears to be in great pain, 
and is often thought to have colic ; it froths at the mouth and becomes 
very savage, biting articles in its stable and kicking the wall m a 
furious manner until weakness sets in. 

Kicks may produce serious contusions and wounds, as well as 
injuries to internal organs. 

The Rhinoceri — Uh. indicus, Rh. javanicus, Rh. siimatrensis, Rh. afvicanus 
— produce most serious punctured and lacerated wounds. 

Hippopotami are common in the rivers and lakes of Africa — e.g., H . am- 
phibius and H. liheriensis. As a rule they are quite peaceful animals when 
left alone, but, once attacked, they become dangerous, seizing the boat or 
the persons in their huge jaws and crushing wood or flesh and bones into 
shapeless masses. They are very courageous, and nothing but death will 
stop the charge of one of these brutes. They will quickly stamp the life out 
of any victim they catch on land. 
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The Suidae, or pigs, are commonly met with in tropical jungles, 
and are of importance because of the way in which they eat the 
remains of persons who have been lost in the jungle. All the soft 
parts are completely destroyed, while the bones arc broken, 
so that it is impossible to say whether the unfortunate people 
died or were killed, whether they met with an accident or simply 
lost their way, whether the pigs ate them while dying or only 
after death. 

Severe lacerated wounds can be inflicted by the tusks of an 
enraged boar. 


Proboscidse. — TLe elephants — E. africamts and E. indicus — usually kill 
their victim hy stamping upon him until the soft parts are terribly crushed, 
lacerated, and bruised, while bones are broken. They also seize people by 
means of their trunks and dash them against surrounding objects or the 
ground. 


Traumatism caused by the Larger Reptilia. The crocodiles, 
ga vials, and alligators arc a constant source of danger in the tropics, 
especially to natives, while bathing in rivers. The names ‘ croco- 
dile ' and ‘ alligator ’ are often used as though they were synonyms, 
but this is by no means so. Some twelve species of crocodile are 
well known. They possess a most formidable array of teeth. 


18 

expressed, as a rule, by the formula of which the third and ninth 

in the upper jaw are longer than the others, and are respectively 
lodged between the second and third and the eighth and ninth teeth 
in the lower jaw, in which the first, fourth, and eleventh teeth are 
the strongest. The muzzle of the crocodile is longer than that of 
the alligator. The muzzle of the alligator is relatively short and 
broad. 

The muzzle of the gavial is very long. The two species of im- 
portance are Gavialis schlegeli of Java and Borneo and G. gangetiens 

28 2Q 

of the Ganges. The latter has a dental formula ^ teeth. 

The following list, modifted from Ditmar, gives the names and 
habitats of these formidable reptiles : — 


A. Snout extremely long and slender- - 

Gavialis gangeiicus, India; Tomisiojna schlegeli, Borneo 
and Sumatra. 

B. Snout very sharp, slender, and triangular — 

Crocodihis cataphractus, West Africa; C. johnstoni, Aus- 
tralia; C. intermedins, Orinoco. 

C. Snout moderately sharp and triangular^ — • 

Crocodihis americanus, Mexico, Central and South America; 
C. siamensis, Siam and Java; C. niloticus, Africa; 
C. porosus, India and Malaysia. 

D. Snout oval, bluntly triangular — - 

Crocodilus rohustus, Madagascar; C. thomhifer, Cuba; 
C. morelatti, Guatemala and Honduras. 
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E. Snout short and broad — 

Crocodilus palustris, India and Malaysia; OsteolcBfnus 
tetraspisy West Africa. 

F. Canine teeth of lower jaw fit into a pit in upper jaw — 

I. Snout as in D: Caiman trigonotus, Upper Amazon; 
C, sclerops, Central and Southern America; C. pal- 
pelrosus, Tropical South America. II. Snout very broad 
and rounded; C. laterostris, Tropical South America; 
C. niger, Tropical South America; Alligator mississi- 
piensis,\J.S.A.: A. sinensis, China. 

1'he celebrated man-eating species are^ — - 

Crocodilus niloticus, the Nile crocodile; C. porosus, the 
salt-water crocodile. 

The American species are said to be inoffensive, as there are no 
records of attacks upon man. 

Anothv^r important anatomical feature of these reptiles is the 
length and strength of the tail, by means of which they can strike 
a man standing on the low bank of a river such a powerful blow 
that he may be knocked into the water. 

Accidents are commonly met with while people are crossing 
strcaiiis, or bathing therein, or while women arc washing clothes 
or filling vessels with water at a river or lake. Anyone sitting on 
a steamer or other craft on a lake or river with his feet hanging over 
the side, or leaning over with his hand in the water, simply provides 
bait for any crocodile in the vicinity. 

As a rule, ii the victim is rescued, it is found that a portion of a 
limb has been bitten off, but we have met with a case in which only 
a large portion of the pectoralis major was removed. In this case 
the victim attributed his escape to drhing his thumbs into the 
crocodile’s eyes. The wound healed excellently, though of course 
there was i)ractically no pectoralis major left on the side in quc‘stion. 
and in its place an area of scar tissue. Crocodile bites, in cnir ex- 
perience, are not nearly so liable to septic infection as the bites of 
the; Carnivora. 

Traumatisms caused by the Larger Selachii.--By far the greatest 
number of sharks live in the seas of warm climates, and are well 
known because of the great danger of their bite, which is often 
fatal. The greatest risk is to bathers or fishermen, but it is a curious 
fact that divers for pearls apipear to incur little risk. It is probable 
that the noise of the large number of people employed in this work 
frightens the sharks, which keep away. 

C archarias gangeticus was for a number of years a source of great 
danger to the crowds at the bathing ghats of Calcutta. Sir Joseph 
Fayrcr says that they used to feed upon the partially burned bodies 
which were formerly thrown into the river, but when this custom 
was discontinued they began to attack the people at the bathing 
ghats, especially in the months of April and May, when the river 
contains much salt water. He says that they would dash into the 
crowd at the bathing ghat and inflict dangerous and, at times. 
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mortal wounds, though they seldom were able to get away with 
their victim because of the numerous people at the ghat. 

The patient is brought to the hospital suffering from the effects 
of shock and haemorrhage, with a limb either snapped off or partially 
torn off, or with larger or smaller lacerated wounds, in which the 
bone may or may not be exposed and grooved by the sharks' teeth, 
and with blood dripping from the ragged surfaces of the wound. 
Usually the patient is in a state of extreme prostration, covered with 
a cold sweat, and having a hardly perceptible pulse. 

More rarely there are only a few triangular or irregular lacerated 
wounds, showing that the shark did not obtain a proper hold of the 
victim. 

The great danger is death, either immediately or in a few hours, 
from shock or hcemorrhage. If this is avoided, the wounds appear 
to heal readily if the patient is otherwise in fair health, but of course 
amputation is often necessary. 

Man. — The bites inflicted by the Kru men on the West Coast of Africa in 
quarrels are, or were, of not uncommon occurrence, and it was also fairly 
common to meet with injuries on the knuckles caused by scratches from 
their teeth. 

These wounds were usually considered to be serious, for, although the teeth 
of the African appear to be in excellent condition of repair and cleanliness, 
still the slightest scratch may lead to exceedingly severe inflammations, as 
the present writers well know. The most careful antiseptic treatment must 
be applied at once. 

TRAUMATISMS DUE TO PHYSICAL AGENCIES. 

Foot-binding. — The bandaging of the feet of young female children 
began in the imperial harem of the T'ang Dynasty in China some 
1,400 years after Confucius, the idea probably being to reproduce 
as nearly as possible a club-foot. As a matter of fact, the result of 
pressure of the short, heavy bandage commonly used, neatly and 
tightly applied to the growing feet of young girls aged three to four 
years, is to produce a very small foot in the condition of a pes cavus, 
with the outer three toes in a varoid and the inner two toes in a 
valgoid position. 

On examining one of these feet it is noted that it is very short, 
and that the plantar surface has a deep groove dividing this aspect 
of the foot into posterior and anterior portions. The posterior 
portion contains the os calcis, which, when examined radioscopically, 
presents a very different appearance from and position to that in a 
normal foot. 

Notwithstanding objections to the contrary, we are of the opinion 
that the person walks upon the posterior aspect of the os calcis, 
and we further draw attention to the great alteration in the lines 
of pressure and stress, as compared with those in a normal os calcis. 
The anterior portion consists of the four small toes bent under the 
foot, so that the dorsal aspect is placed ventrally, while toes them- 
selves are much atrophied. By radiographs it is seen that the heads 
of the metatarsals are approximated towards the os calcis. The 



156 SOME TROPICAL TRAUMATISMS 

first toe is only compressed. The weight of the body 
supported by the posterior nspcct of the os calcis and by the distal 
end of the first metal arsab nnd the plantar aspect of the great toe, 
while the dorsal as])ect of the other toes may assist a little. The 
distance from the end of tlie os calcis to the big toe may be only 
three inches. 

vSuch a compressc'd, deformed, stunted foot may easily become 
the site of disease. In the first instance, there is danger of gan- 
grene, necrosis (especially of the jihalanges), and synovitis of the 
knee-joint during the active l)andaging, while the immediate result 
may lie total L'lmeness. As a later complication, tuberculosis of 
the bones of the deformed foot is liabhi to occur. 

Fortimalely this horrible proceeding, like many other horrible 
fashions, is dying a natural deatli under the influence' of increased 
feminine 'ducation and common sens(‘ first produced among Euro- 
])('an svomeu, and by them introduci^d into China. Naturally no 
cur; can lx* ( Ifected in a foot whicli has become fully deformed. 

Heavy Fruits. — Itu' fruits of the coconut (Cocos imcifevci Linnaeus) and of 
tiic iak-tree (Arlocurjms i'nU'gri folia Linnaeus) arc ]ie<uvy and fairly hard, 
a.iid injuries may be caused by tlic fall of one of these iruits from the tree 
on to tlic head or other ]>ciri ot the body. When the blow is received by the 
head, the syiiiptoius produced may be those of concussion or conapression, 
or there niay be si;j;ns of fiaelure of the vault or base of the skull. 

Electrical Fans, — In the more civilized tropical towns it is common to 
use small, mo\\'ibl(', quickly running electric fans in order to obtain a cooling 
bree/e. .1 hcsc arc brought into use s})ecially in tlie bedroom and dressing- 
room, but arc^ i.lsu irequenily seen in the dining-room, and sometimes in the 
(hhce. Iking easily movable, they arc apt to have their position slightly 
ah ('1(^(1 wlieii running at fidl spet'd, and in doing this quite a number of acci- 
dents have taken ])lace. Sometimes during tlie (ondition between sleeping 
and waking. peo])]e, stretching out Iheii arms while still in bed, catch their 
fingers in the Jans. 'Hie most common traumatism is for the fingers to he 
caught by the blades, and to sustain contused and lacerated wounds, the 
danger ()t which is t('tamis. as llu‘ blades of the fan arc gx^ncrally thickly 
covered with the dust brought by the current of air. 

Anothci and lar less scu'ious but most awkward accident sometimes happens 
in a lady’s drcssing-ioom. Tin; Ian is jdaced on or near tin; dressing-table, 
and is so ai ra nged that tln-lxickol tlie fan is tow'ards the person at the dressing- 
table. file current ol air passes from the person towards the back of the fan. 
f t the lady has long hair and is dressing it, the current of air may carry it into 
the back ol the Ian and lictwecn the blades, wliich, still revolving, causes the 
bail to be twisted into a Lingle. Usually the lady or her attendant has suffi- 
c lent nei ve to switc li off the fail, and no very serious injury is done, but it is 
difficult to extract the hair from the tangle in the fan. 

Powdered Glass.- In certain parts of the tropics, especially in the 
luist, poM'dered glass is used for suicidal and homicidal purposes, 
i h(' injury caused is, of course, purely mechanical, and the more 
linely it is powdered, the less likely it is to cause serious injury, 
owing to mucus surrounding tlie particles. The glass is administered 
m food- -6^. g., bread, sx^inach, sweetmeat, etc. The symptoms are 
those of irritant poisoning— retching, violent vomiting, spasms, 
convulsions, and racking pain. The most evident post-mortem 
feature is acute gastritis. The mucosa is covered with a layer of 



TRAUMATISMS DUE TO PHYSICAL AGENCIES 157 

thick mucus, under which it is found to be hypersemic and lacerated. 
In this mucus or on the mucosa the minute pieces of glass may be 
found. No other pathological signs need be present. The treat- 
ment is to administer any bulky food at hand, and then, if vomiting 
has ceased, to give an emetic, and finally a laxative. 

Bamboo Hairs . — Dendrocalamus strictus Nees. We have met 
with a case from Malaya in which the fine hairs shaved off the 
bamboo sheaths were administered in food with the intent to kill. 
They produced a severe form of enteritis very like chronic dysentery. 
We are therefore in a position to confirm Ridley’s earlier statements 
that these hairs' act as mechanical irritants. 
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CHAPTER X 

POISONS 


Preliminary — Definition - — Classification — Criminal poisoning — Accicl ental 
poisoning--Stiiriulant and sedative poisoning — Poisons used in trial bv 
ord eal — Ref c r enc cs . 


PRELIMINARY. 

Tilt: clieniical causes of troi)ical disease or tlu' tropical intoxica- 
tions are numerous, and it is impossible in a l)ook of this size to do 
more titan give an account, in condensed form, of the more common, 
and to provide means, hy the references, v']ierc‘by tlte reader may 
extend his information if he so desires. 

In the present work we shall divide these chemical causes into 
Poisons and Venomous Animals ; and as we begin the study of 
these matters in the present chapter, it is as well to state what we 
mean by a ])oison. 

DEFINITION. 

A poison is any chemical substance wliicli, wlieii introduced in 
suflicient (juantity into, or brought in contact with, the living 
organism, is capable of producing a variation in tlie structure, the 
chemical composition, or the functions, of the w^hole or any part of 
that organism, which exceeds the limits of ])hysi()logical variation. 

Such a dehnition includes a large number of substances, and 
therefore some arrangement is necessaiy in ordiu' tliat they may be 
consi dered sy st e ina t ica 1 1 y . 

CLASSIFICATION. 

Poisons ha\’e been classihed into mineral, vegetal, and animal, 
( 3 r according to their action on the human econony; but we ha\a: 
departed from these proposals, and have attempted to arrange them 
according to the purposes for which they arc used, as we consider 
that this method will be of greater service to the tropical practitioner. 

With this end in view, we di\’idc them into the chemical substances 
which occur in — - 

1. Criminal Poisoning. 

11. Accidental Poisoning. 

III. Stimulant and Sedative Poisoning. 

IV. Trial by Ordeal. 

i6i 
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We leave to future chapters the consideration of poisons used m 
war, fishing, hunting, and trade, as well as poisonous food and Ihe 
effects of venomous aniniuis. 


1. ('RIMINAI. POISONINC;. 

Criiuiiic'il poisoning licis been iii existence from the euiliest tind 
most primiti\"e ages, c,nd as it requires a liiglify aiia specially traincci 
chemist with a \\'e]l-e(|ui])i)C‘d and up-to date laboratory to detect 
many of tlu; troiiical \ egt'lal poisons, the reader will not be; urprised 
to note tliat crjimnal poisoning is more frequently met with in the 
tropics than in thc' Temperate Zone. 

It seems to ns that it is more commonly met with in the East than 
in Africa, and we are inclined to think that the reason for this is 
that in Africa only the fetish-man knows how to present virulent 
poisons in accejitable forms to his ^’ictims, whereas persons with an 
elementary knowledge of poisons are coninion in the Itast. 

The jioisons of different tro])ical countries va.ry according to 
custojn and tradition, and also according to the plants wliich 
lia])])cn to grow in the tacinily. It is said that arsenic in the ffast 
is the cause of as many criminal iioisonings as all the' tirganic poisons 
put together. This may be so, but we are not certain that anyone 
is qualihed to ma.ke this statement, as it came as a great suiyirisc to 
us to lind tlial in (hy lon a. number of the ])c>isoni]igs at one time 
attriliutaliic to arsfuiic were found by advanced chemical research 
under an cxceevlingly able chemist to Vh) due to Crrhora oclollam. 

W e are 1 held [ore (»f the oiiinion that every rro]Mcal countr^■ 
requires a we!l-equi])i)(d toxicological laboratory, with wirlbtraineti 
research chemists, whose business, inicr alia, should lx to make 
themsehes accfiiainted with the poisons of the land in which the}/^ 
arc residing, with the view to discovering tests whereby these poison^ 
may be detected and so justice done in criminal cases. Tliis is 
important, tor the native soon learns that methods of bringing the 
criminal to justice exist, and therefore becomes less inclined to use 
this method tor the removal of his enemy. 

The poisons used criminally against man may be divided inuf 
(a) Inorganic Poisons, [b) Organic Poisons. 

inorganic Poisons. 

The most common poison is arsenic in some torm, and the next is 
fcrchloridc of mercury, followed closely hy the mineral acids. Salts 
of co])per have been used for homicidal ])urposc‘S, but generally 
poisoning from this source is accidental, and due to tlic use of copper 
cooking utensils, while the preparations of antimony are seldom used. 

Organic Poisons. 

These ma}^ be derived from animal or vegetal sources, l)ut the 
latter are far more en evidence, and are largely derived from plants 
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belongii^ to the natural orders Apocynaceae, Loganiaceae, Euphorbi- 
aceas, Liliaceae, and LeguminoscC. 

It would doubtless be more scientitic to classify these poisons by 
the natural orders to which the poisonous plants belong, but, follow- 
ing our original proposals, we divide them as follows: — 

1. Poisons used for homicidal purposes. 

2. Poisons used for suicidal purposes. 

3. Poisons used for purposes of infanticide. 

4. Poisons used for iirucuring abortion. 

5. Poisons used with the intent to rob. 

(). Poiscais used with the intent to cure disease. 

7. Poisons used with tlie intent to simulate injuries. 

iS. Aphrodisiacs. 

I. HomicicU. 

Animal and vegetal substances are used for this purpose, but of 
the former the Iiest known is vipennc vcnoin, which is said to cause 
gastritis, gastro-intestinal ha.anorrhages, and even death. It is 
known to Ceylon natives tliat the venom of Viper a rmsellii Shaw, 
locally called the iic polongci, is sux)i:)osed to be poisonous when 
administered by the mouth, and we were informed that this was 
usually given in toddy, an alcoholic drink prepared from the coconut 
and from the Palmyra palm. We once met with a case in which we 
suspected the possibility oi this being used, but an experiment in 
which the recent venom administered orally by means of toddy to a 
monkey proving a complete failure, we were left in doubt as to the 
possibility of such poisoning. 

The venom of the Colubridie is harmless when taken b}^ the mouth, 
provided that there are no cracks or abrasions. Its \hrulence is 
destroyed by saliva and by i)ancreatic juice. 

Vegetal substances are sulhcieiitly numerous, but unfortunatt'ly, 
as far as we know, few are on record. The table gi\'en on p. 164 
is an nnperfect list. 

With reference to the table, a few notes, arranged in aljihabetical 
order, may with advantage be given;- - 

Aconite. — Aconite (Ranuiiculaceae) is so poisonous that in India 
it is known as ‘ bisli ’ or ' bikh,’ which means ‘ the poison,’ wliich 
generally refers to Aconitnni ferox Wall (Himalayas), A. nupellus 
L. (Himalayas), A. Inridume Aorte (Sikkim), A. Lycoctoniim L. 
(Kashmir); whilst A. heicrophylluni Wall and A. palniatum Don are 
said to be less poisonous. 

The root is the principal source of the poison, which, however, 
also exists in the leaves and stem. 

Aconite is used for homicidal purposes, as a cattle poison, and 
may at times be taken accidentally. The fatal dose is said to be 
30 grains of the root, and the fatal period usually three to six 
hours. 

The symptoms are tingling of the lips, tongue, mouth, and fauces, 
followed by numbness and anaesthesia, buniing pains in the stomach 
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Country. 

, 1 Natural ( rdcr. 

Genus and Species. 

India 

lui iiMiicnlactvr 

A coni turn Tournciorl with A. ferox Wall 

and 

1 )c Candolle, j S i S. 

and A. napellus Lininxnis in the Hima- 

C/'VloiL 


tnyus, A. luridinne Aorle in Sikkim, 


ond A. Ivcocionum Linnoeusiii Kashmir. 


IdndjcN’, |S;0. 

( erhera I jnnmn.s, /703. with C . odolhnn 


(Lci'tnei- and (. thevcha Linnaeus. 


Nrrium lamranis lias V. odornni 
Solander, [720. Urecliites is j'cprc- 
st'iilc'd In' V . snhcvccia Mucker. 


LHhiK u' 

Olnyiosa Linnaeus with species G. snperba 


hniiuTeus, 1751. 

Linnaeus. 


!: It phorbiacccc 

Jairopha .Kunlh with oiu' species, /. ettr- 


A. do lussieu, j.Sj.| 

cas Linnaeus, i 75 v 


J,n^^aniaicrr 

Slrvchnns Linnaeus with A. nux vomica 


.A ne to res. 

JannaMis, A. /^7/u/7d' Bergmaun .S. colu- 
hriiia Ciuuanis. 


Li'yinttiitosn 

Ml Hell a "Wight and Arnott with 

Indies. 

de fnssicn, 1780- 

M . seriacea ^\d■ght and Arnott. 

1 ‘iudiit 

jYJrriai'nr 

Jhin'inytdjiKi J-'orskal with B. spcciosa 

Islands. 

K. Bi'own, iSi j. 

Tanm-pus and ./C raralonga. 


Apocynacea' 

( erbeya Linmeus with C. laclavia 


Line' ley, TtSy.. 

Hamilton. 

Brazil, 

SapuidaCi'tT 

I'aullinia Linn«eus with P. pi'iinaia 


;!<’ Jiis.sieu, 1 S 1 1 . 

I Ann ecus. 


Eai phoi'hidcrf/’ 

A . d(‘ Jnssi('i! . 1 s j j . 

\lura TAiinanis with 11 . crepitans Jannaeus. 


Loyiuiiacca" 

Spiyclia Linnjpus with .8, aniJudmia 


An (.lores. 

lAiinaais. I'hevrtia Lin.'ucus ^\ith 
/ . ahorai Linuams. 

Brilisli 

Sapinda(k'(r 

Milicocca JdnnaMis, 1703, with s]iecii> 

Guiana. 

de Jnssien, 1 Sr i . 

not mentioned. 

West 

SoUoiaocrr 

H voscvaimts Touj iu tori with H. folczlr" 

Africa . 

-Lindley, i8-;6. 

C'osson. 


/ ridaceev 

Moveea Linnams with M. colli na AVald- 


Liiidley, i8;^o. 

tulpe. 


CactacccD 

Lindley, 

fhe ‘ t)ro ' of Sierra Leone. 

Sou Ui 

Iridaci CD 

Morcea Linnaeus with M . coll inn Wald- 

Africa. 

Lindley, 1836. 

tulpe. 


Zv^oph^dlacccD 

Melianthus Linnaeus with M. major 


Lindley, 183d. 

Linnaeus and other species. 


:\nd x'oiniling, niuscnlar and cardiac weakness, and linally death 
takch ])lac(^ from failure of the heart or respiration. 

Barringtonia Forster, 1771 > (Myrtacea'). with the species speciosa 
Linnaeus and B. raratonga, is said to be used for criminal poisoning 
in Oceania, 
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Cerbem odollam--C. odollam Gaertiicr (Ax)Ocynacea:i) is a very 
common plant in Ceylon, and is similar to C. Ihevetia. Its correct 
name is probably ( ' . maw^has Linn<xnis, 1753. Its chemical properties 
have not yet been properly worked out, and it is said that it 
prohahly contains the same poisonous ])rincii)le as C. iheveiia — viz., 
Ihevetin. The symptoms rj.re nearly the same — i.c., gastro-intestinal 
irritation, followed by cardiac poisoning. These symptoms are easily 
mistaken for arsenical |)oisoning. 'flie treatment is the same a . for 
irritant jjoir.oning in geTieral. 



Fig, o. — Cerbera odollam Gakrtner. 


Cerbeva Ihevctia. ('. Ihcvclia, th(‘ common yellow oleander of 
India, is a shrub about (> to 12 feet in height, with yellow bell-shaped 
flowers and globular green fruit. It is highly poisonous, its action 
being due to a glucoside, thevetin, which exists in the milky juice 
pervading all ]xirts of the ])lant. It is supposed that three seeds 
are sufficient to kill a man in twelve to lifteen hours, the symptoms 
])eing gastro-intestinal irritation, headache, dizziness, and pain in 
the throat. The pulse is very soft and slow — thirty to forty beats 
a minute, which Windsor says is characteristic; later it becomes 
weak, very rapid, and irregular. Death results from cardiac failure. 
The treatment is the same as for ordinary irritant poisoning. 

Gloriosa superba. — G. superha (Liliacex) is a well-known poison in 
India and Ceylon, while in Burma it is said to be used for suicidal 
purposes. Its active principle, superbine, is said to be allied to, or 
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identical with, the sciJJitine of sqniJIs, and thorclore the action of 
G. superha is not unlike tJiat of squills. The syinptomS; wlncii 
appear in half an liour, nrc retching, violent voiniting, spasms, with 
contortions of tlu' l)ody and racking pains, with short intervals ot 
relief from time to time. Death may take ])la(‘(‘ in four hours. 
The post-moi'tem I'eveals congestion of the ])raiii and membranes, 
with extravasations of blood, congestion of the lungs, liver, and 
kidneys and inflammation of the mucous membrane of the stomach. 
The trealmtait is tliat for irritant ])oisoning in general. 
Hyoscyamus JaJrzlczp I'lu^ Tuaregs an^ said to use H. falezlcz to 
kill travellers. 



l Jo. !().- (j/oriosit Nit[yrrha IJN.wiirs. 

Jalropha ciinus.- j . curcas J.imiaais (Kuphorbiaccce), the jura- 
tree of India, has a seed wlik li is calhd tlic ' jdiy.sic nnt,’ from wiiicli 
the oil eaji be ex])ress(-d wliidi is an iriftant totlu; skin and a purea- 
tive. 

Dae sym])toms of poiMHi.ng are vomiting, purging, -ildominal 
pain, derangements of the s])(‘cial semsf^s, muscular twitchings and 
loss of memory. I'he treatment, iviivr getting rid of as mticli of 
the poison as possible, is limt' juice and stimulants. 

Melianihus (Melianthacete).-- Various spc^cies of Meliantlius are 
said to be very poisonous by Gyq\, who susjK'cts the; ])ossibilitv of 
their use by wSouth African Bushmen. 

Melicocca (Sapindaceai) occurs in British Guiana, where it is called 
Kinnup. In a two-year-old child it caused convulsive twitching 
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of the hands and feet, fixed gaze, vivid flush on skin, distension of 
abdomen, suppression of urine, rise of temperature to 101° F. 
The poisoning was said to resemble that produced by belladonna. 
Other species are said to stupefy fish and also to be used as arrow 
poisons. 

We may ])erliaps mention here that in this order are many excellent 
and edibie fruits; thus, McMcocca hijuga, a West Indian tree, is 
cultivated in Brazil because of its agreeable, slightly acid berries, 
but, on the other hand, the leaves and branches of other species are 
])oisonous. 

Millctia scriacea (Legumi- 
nosae) is a poison of the Dutch 
Indies, causing severe diarrhcea, 
colla])se, and death. 

Morea collina. — M, collina 
(iridaceae), the wild tulip of 
South Africa, is said by Grey to 
have been used by a Bushwoman 
to poison a number of people, 
two of whom died. 

The s^nniitoms were severe 
\^omitirig and a feeling of con- 
striction across the chest, feeble 
and intermitting heart, and a 
tendency to coma for hours 
before death. The post-mortem 
showed no rigor and no inllam- 
mation of the stomach. The 
heart musculature was flaccid, 
and the right side full of blood. 

Ncrinm odor inn, synonym 
Ah indcciiiin IMill, (A])o 

cynaceie), is the while oleander, 
and grows commonly in India, 
wliere it is a well-known 
poison. It is rarely used lor homicidal purposes, but more 
generally for suicide, abortion, and accidental poisoning. 

The root is the portion used, Init all parts arc poisonous. The 
active principles are neriodorin, a powerful cardiac poison acting 
something like digitalis; karabin, a cardiac poison, with also a 
i^trychnine-like action on the spinal cord. 

The symptoms are ihereforc (i) those of gastric irritat bn — viz., 
vomiting, i)ain in the stomach, frothing at the mouth from saliva- 
tion, but as a rule without diarrhcea; (2) cardiac symptoms, produc- 
ing at first a slow jmlsc, which finally becomes c^uick^and weak — the 
respirations are rapid from the first; (3) strychnine-like symptoms 
of twitching of the muscles, tetanic spasms, with cramps and, at 
times, lockjaw. 

Towards the end the patient becomes drowsy, then insensible, 





Fic. II. — Ncriiiin odorum Solandek. 
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and finally dies from cardiac failure. The poftt-moi tein reveals 
dilatation of the right side of flu- heart, which is full ol blood, while 
the left side is empty, with subendocardial hxinoirhagc, conges ion 
of the liver, spleen, kidneys, and lungs, mucosa of the stomach 
small intestine', while the large intestine and lirain are normal. The 
patient must bt' treated on tlie same lines as tor digitalis and stiych- 
nine poisoning. 

7^ke Oro. — The oro (a cactus) of Sierra Leone is a gastro-intcstinal 
irritant, causing \'()miting, diarrheea., collapse, and death. 

Panllinia pinnala (Sajundacese) is said by Klio to be used by 
negro slaves in Ifrazil to poison tlieir masters, and to depend upon 
an alkaloid, timboin, for its action. Adverting to our remarks on 
Melicocca, W(' m<ay note that the sc'eds of P. sorhilis are the source 
of the ‘ Guarana ’ bread of Bra.zilian aborigines, used when travelling 
and as a n niedy, being said to be a stomachic, febrifuge and aphro- 
disia.c. 

Snhlicr crepiians Tannacus, also namial Hura crepitans (Euphorbi- 
acefc). glows in th(' Antilk'S, and has beiui imported into tro])ical 
Africa. Its fruit is purgative', and is l)eli(‘ved to be use'd freqiU'iitly 
ior criminal ])nr])Oses, bc'ing said to ])n)duce violent vomiting and 
])urging, with tenesmus, constriction of tlu' throat, and synco])e. 
]\ulz, howevt'!', has thrown doul)t on the possil)ility of its really 
being thc' cause of tlu'Se' criminal poisonings. It is to be noted 
that the same syinptoms are ])roduce'd l)y ('roion iP^Iinin Linnaeus 
(Eu])horbiact'a'), v^hich is found in India, ('ocliin (diina, tropical 
Anu'i'ica, aiifl Africa. 

Spi<^cha aiidi Iniia Janna'us (Loganiacea*) lias the reputation of 
being V('ry ])oisonous, and lias l)ecn ns('d criminally in tropical 
Anu'rica. in Bra.zil, and tlu' Antilh'S, wIh'R^ it is still nsial as an 
anthe'lmintic. it is said to ])roduc(' sornnolenci', conviilsimis, and 
death. 

Slrvclijws- Strye.hnos (Loganiace'a') is a gf'uns with S('\’('ral 
])oisonous s])ecies, among which may Ix' mentioned; 

Sfryclinvs ni/x vomica 1 j'nna'us. 

Slrychnos iynatii Berginann. 

Sfyychnos cohthvina lanna'us. 

Poisoning b\^ tlu' alkaloid strychnine' is fre'ejuently met witfi in 
India., but is usually ace'.ielental. 'Ihe' sxmiptoms of strychnine 
])oise)ning are bitter taste in the' mouth, tedanic .s])asms, opistho- 
tonus, risus sardonicus, anei dc'ath from asphyxia or colla])S('. There 
are' no characteristic ].)ost-mortein appearances, except conges- 
tiein ot the brain and spinal e:oiel. The treatment is to empty the 
stomach by emetics, and to administer chloroform or cliloral 
h^^drate', and, when asphyxia threatens, to perform artificial 
rc'spiiation. 

1 hcvctia ahovai. — T. aliovai (Apocynaceae) is allied to the oleanders 
mentioned above, and has an alkaloid, thevetosin,]^said to cause 
gastric irritation and difficulty of breathing. 
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Urechite suhcrccta fApocynacc\T) is tJin Snvnnnnh fiowia* of 
Jamaica and other Wc^st Indian Islands. wiiicJi was so celebrated in 
the days of the ‘ Obeah Man,’ and about which so many talcs weK^ 
told. The triitli is that tla'Hi are two ghicfjsides, iirechitin and 
urechitoson, of which th(‘ former is like digitalis, and hence it has 
an accumulative action in small doses, which, if given to a, ])eis>on 
for a long time, will not caiisi' any deterioration of health, ])iit will 
cause, eventually, sudden death owing to the aclion on the heart. 
A full letlial dose, on the other hand, will kill in a h'W liours or a day 
or so. 

2. Siticiiic. 

Of all the poisons used for suicidal purposes, opium is by lar tiie 
most usual, tliough Nerium odorum, Ccrhera odoUain, and Gloriosa 
siipcrha are also at times employcal, the foruK^r es]3ecially by woimm 
in India. Rarer poisons are Cahdropis proccra, ('cybcra iJievetia, 
aconite, prussic acid, and via'atriiK^ (uKada bish). The action of all 
tlu'se poisons is describc'd (‘itla/r in ordinary works on toxicology or 
has already hvvn inenticiuM.1. 


1 u [antic id c. 

Infanticide exists in the tropics in two forms — the lirst irresticc- 
ti\a' of sex. and said to be diu* in India (W'addell) to tlu' liigli-cast(‘. 
Hindu ])rolii1)iting nanarriage of widows; and. secoudlv, fcanalc! 
infanticid(S. to prtxaait too ina.ny daughters growing u]>. A hnv 
of the more commonly us(al drugs may be briefly mentioned. 

Opium is used in India by suKsiring the motlu'r’s ni})ples with the 
drug, d'herc' is little necessity lui'c to describes tlu^ action of opium. 
All that need be said is to warn tlu; ])ra.ctitiorier that ayahs (nati\a^ 
nursc's) an^ a])t to soother a l)abv io slec]) 1)\' dipjhng tlu' iinger in 
laudaiiuni. and gi^ang it to iIk^ ba.l)\- to suck. Siicli tnsitment is 
liighly deleterious to the child, and the intensely contracted pupils 
should make the jmictitioina' susi)ect its use in an obscure case of 
illness. 

Calolropis i^u^antca Robert Hrowu and ('. proccra Robert Brown 
(Asclei)iadacex‘), called Tmador ’ in Hindustani and ‘ erukam ' in 
Tamil, have been used in India for infanticide and abortion, rarely 
for suicide, and more rarely for homicide. The symptoms arc 
vomiting, profusi' salivation, severe^ hdanic spasms, extremely slow 
and stertorous bnvathing, and dilatation of the pupils. The active 
principle is a yellow bitter resin, l)ut there is no alkaloid. The 
tn'atment is the same as for irritant ])oisoning. 

Tobacco is also used as an infant ])oison. 

4 . Abortion. 

Criminal abortion is very common in the tropics. In India it ia 
sa’d to be common among Hindu widows, because they are not 
allowed to remarry. 
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The drugs commonly used are ; — 

{a) Reputed Emmenagognes . — 

Nerium odvrmn Solaiidc'r. 

Cerhera ^hcvciia Linmeus. 

Cai'ica papaya Linnaeus (seeds). 

Dane us car of u Liiinam (carrot tweeds). 

(h) Purgatives {Cncurhitaccee )- — 

('uc'umis irigonus Koxr)urgh. 

j\I m nor d tea charanla Limixais. 

M iunordica cymhakiria Feiizl. 

(c) Irrilan/s.- Srvi^nd inorganic irritants arc us(‘d — arsenic, l(':;d. 
iiK'rcin'y, co|)])('i', and <]nicklijn(a Itrowning inlonns us lliat co])]H' 1' 
sulpiiatc' lias been ns(‘d ot ]at(' in Ceylon tor this puri)()se, as vvc'll as 
tartar (,ri‘*‘tic, corr(»si\’e snbliniate. large doses ol quinine, and very 
la.rg(‘ dosc'S of K]')so]n salts and an aloes (socolrine) iron jull, in 
which th(‘ quantity ol the aloes is very c()nsid( ralhe. 

Plumbago rosea JJnna-us. 

P/umbago zeylauica Linineus. 

( alotropis procera K. Brown. 

Piper nigrum Linnaais (black peppe r). 

A lianas Tournelort, 1735 (unrip(' ])ine-a])])l(d. 

Moringa plcrygospcrma (laeJ’iuer (bark). 

/ asiosipliou speciosus Dc'caisuc-. 

(d) SupfH}sei{ Ecbolics--^ 

Bambusa sp.? juice of bamboo-leaves. The; I'riiit is 
use;el. 

Randia dinncloruni Linnaus. 

(.'useiiiu rejlexa Roxburgh. (A decoction is used wlucij 
also acts as an irritant.) 

vSeeels e>t Cclasirus paiiiculatus Wight. 

Seeds of A nethinn graveolens Limiccus. 

Plumbago zey tunica Liiinaus and P. rosea Linnaeus are. evergreen 
shrubs about 2 to 5 feet high, in the root ot which there is an act.ve 
principle, plumbagin, which acts externally as a vesicant, and 
inte'rnally as an irritant anel narcotic. It is used as a paste, or 
spre^ad on we)ol on an a]^e)rtion stii k. 

Idle abortitacients which were comme)nly used in Ceylon were 
Glonosa superba L., viohuit purgatives (including large doses of 
magiu'sium sul])hate), and the twigs ol the castor-oil plant, tlui 
last naincal being a ine('hanical irritant. 


5. Stupcfyiuy with Intent to Rob. 

Two drugs, are much used in India and Ceylon for ihc; i>urpose 
of stupefying with intent to rob- — viz.. Data a fasiuu..a lanmeus 
and Cannabis sativa Linnaeus. 
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Datura fastuosa (Solanaceae). — Poisoning by datura is common 
in India, having been used by the Thugs. The seeds are usually 
mixed with food or drink, and the symptoms, which develo]'> 
rapidly, depend upon tin; dose, being generally tliose of a cerebral 
poison. First there is delirium, and later coma, but in l)oth 
conditions the ])upils anj widely dilated. I'lic delirium is jx^ailiar; 



iao. 12. — Datuva fastun^ici faNN^Ers. 

for example, the people affected may be found st'arelniig their 
bedding most vigorously for some lost article. W'jjcn rh atli occurs, 
X is due to cardiac hiilurc*. The fatal dose is not actually known, 
but may be about 10 to 15 grains o! the se(.'ds. W addell puts the 
mortality at about per cent. The ])ost- mortem charac er- 

istics are wide dilatation of the pupils, congestion of the brain, 
meninges, and the lungs and other ^asc(^ra. 

6 . Poisons used with Intent to Cure Disease. 

Decoctions of bark Triant hema pentandra i dunams are used in the 
Sudan for the purpose of curing gonorrhoea; unfortunately, sometimes 
this remedy is worse than the disease, causing enteritis and death. 

7 . Poisons used to Simulate Injuries. 

Plumbago rosea Linnaeus (Plumbaginaceae) and A nacardiimi occi- 
dentale Linnaeus (Anacardiacc^ae) are used to simulate bruises and 
other injuries in order to get innocent people into trouble. 

8 . A phrodisiacs . 

Idle aphrodisiacs, which are much in demand by tropical natives, 
may be divided into those of animal and those of vegetal origin. 
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Those of animal origin are Melot’ vcsicatonii-s [Cantharis vesi- 
catoria, Lytia vcsicatoria, Mu sea Jiispauiohi are synonyms), which 
is w(;ll known, and Mvlabris cic/ion'i, a. bccdle called Pan-mao 
the Chinesi; and conlaiiiing i per cent, of cantharidine. In China 
and tlie Far East gaaKaadly llie testicles, spinal cords, etc., ot 
animals, pounded and niixc‘d with rice water, are eaten as 
aphrodisiacs. 

Those ot \a‘getal (jrigin are numerous, and include qeiinqiie- 
folium JJnnaais ( Araliac(‘je), the ]:>owder(‘d root of which, called 
by the ChineX' Jeuii-l'lirnn, is used ; sjyiiwsa (Amcntacc^e), 

the Sen-iaeg hoa ot Ihe Cliim'sc, of which the buds arc used; 
Psorala corylifo/ia Ivoxbiirgh (Leguminos<'e), the truit of whic.li is 
us(al l)y tla^ (']iines(^ and Annaanese; Psorala y^landiilosa Linnaeus 
in Chili; Ainouiuui zinyiher, tlu^ ginga-r (Zingiberacaae) ; Caryophylhis 
arotnaheus Luuaeus (Canibosa. anunatica Miquel Myrtaceie); 
Paushiv'u(d}(f voliijuba Karl Schumann, 1]i(‘ celebrat('d yohimbehe 
or yumbelioa bark, trom wliich llu^ alkaloid yohimbine hydro- 
chloride. us('d in I ])(a' cent, solution, dos(‘ 5 to 15 minims, or 
tabhhs with grain taki'U oiK^ thre(‘ times a. day, may be men- 
lioiKsl. 'I'lie last is som(‘tim('S nanunl ('oryuauihe yohiuibi, but 
iliis is uK'rely a synonym, /k irilh sii Idem' is also considered 
to contain yohimbiius 'ihesi* trees grow in the Kami'rims and 
t h(‘ Fougo. 

('oniueps ;uiieiisis is the mushroom called Ik'h’oungtis’ctu by the 
t hiiK'sc, aia.l w iis,-(! as an aphrodisiac. 

li Art IDlENTAk FttlSOXkXt,. 

.\cei(](sital poisoning !ia[>p<'Us taiii\' I K'qiK'iit ly ; therefore a tew 
(‘xam])l(\s ma\’ In* gi^•< n. 

( ('rlaiii common artii'les ol lood are p(*isonous until ]>ro])(aly 
]'r(‘])ar(‘(l ; c.g., tapioca is the starch obtaiiual from the root of 
Maniliol itlilissnih; Polil {J (ih'(>p/ia niaiiilioi Iavaviu':^ Euphor- 

biacas'L'), c.ommonl\' calk/d tlu' cassava, ol wliich tlun'o arc^ two 
\’a,rietic‘S, the aw(M‘t and tlu^ bitti'r. The latter contains hydro- 
cyanic a.cid in its milky jnicus and is. tlK'na’ore, ])oisonous until it 
is roast(al. yluai tlu! \’olatile acid is drix’en oft, and thc' bitter 
cassa\'a can then b(‘ us(‘d for food aftc'r squeezing out tlu‘ juict^ 
and cooking the root. Waddell ri'ports two cases of disath fnmi 
ac.cidc'iital ])oisoning by iliis root in i8q<S in Madras. 

Anscenia. has reported the accidinital poisoning of a 

( hines(‘ woman by an unknown s])(‘cies of th(‘ genus Anscvma 
Martins, belonging to th(‘ famih' Aracccc Schott, 1832. Slu^ ate 
a. small ])iec(' ol the tubins and in ten minutes became stuporous, 
and desjiite ])roinpt and vigorous treatment, which included the 
washing out ol tlu^ stomach, her afidomeii became distended and 
she sulfered from paral^’sis of the limbs, but eventually recovered. 

The members of the Araceae are well known to be poisonous, 
and Diffenhachia sequina, the dumb cane, which grows in the 
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West Indies and South America, will cause a painful swelling of 
the tongue if chewed. 

The emanations from the flowers of Arum dracunculus cause 
dizziness, headache, and \a) mi ting in some people. 

Blighia . — ^The succulent aril of the akee tree, which belongs to 
the gomis Blighia Koenig, synonym Cnpania Plumer (Sapindace^e), 
and called 5 . sapida, is used as an article of food in tlie West Indies. 

It is, however, known that if eaten in an unsound condition it 
is i)oisonous, and nnently Scott has shown that this is the cause 
of the vomiiing sickness of Jamaica, as will ])e detailed in 
Chapter LXXIl., p. ibg5 of this f)ook. 

Capsicums (C. annum Linnaais, 1775 Solanacea'), if taken in 
large quantities, may cause' burning in tlu* meuitli and thre)at. 
\a)miting, colic, eliarriuxai , and evaai ele/atli. C. frulcsccns Linn«'eus, 
T753, may also be* mentioned. 

Cinn nnonum zcylanicum Nees. Tewiu states that cinnameui-l)ark 
may be poise)ne)iis. while nutmegs {Myrisdea fyagraus lloutt) are 
well kne)wn to be ])oisonous if takem in large eloses. 

Calotropis gigantca R. l>re)wn (Ascleq)iadaceie) has beeai known 
to cause f.atal edfects ])y aelministratie)n nem-maliciouslv' of two 
dessertspoonfuls of its milk in a (juantitv’ of ce)w’s milk. I'his 
plant is variously jiameel ‘ mueiar ’ in Rengal, ‘ yercumby ’ by 
ramils, and ' warra ’ by tlie' Sinliale'se. 

Chailletia ioxicaria Deni (('liailleliaccN'e : native.' name maglx'ri ' oj' 
‘manuch’), the powde're'd fruit of whie:h is use'd for killing rats, 
has been elescribael l)y RemU'r in Sierra Lee)ne; as the cause' of 
])oisoning in a Meneli earner. 

'File syini)toms we're mainly \'e)miling, eliarrluca, ti'e'iubliug, 
geneiral weakness, and inability te) walk because the legs weJ'e 
])ar<dyzcd, the tenelon re*flexes having disappeared. Hyponesthesia 
was iiresenit ove'r the* inner side of the thighs and legs, and p)ressuro 
on the calf muscle gaw' severe iiain. 1'he bladder, rectum, and 
jiupils were normal. The man recovered in about two months. 

Renner remarks that this case is probably the clue to attacks 
of sudden jiaralysis of the lower limbs in young ])ersons (twenty 
to forty years) of both sexes in Sierra l.eone. When death ensues, 
it is from paralysis of the muscles of res})iration. 

Dioscorca. — (liu'rreras and de la Paz say that this gc'Uus, as 
well as Jatropha, Anamista, Slrychnos, and Datura are tlu' cause of 
poisoning in the Philijqjine Islands. 

Fungi . — The presence of poisonous as well as edible pungi should 
be remembered in the tropics; although then', is no literature 
known to us on the sulqect, still we have had the matter forcibly 
brought to our notice. 

The fruit of Hippomane rnancinella Jdim^eus fEuphorbiaceae), the 
maiichincel tree of the Grenadine Islands, which has a delicious 
fragrance, is said to have been the cause' of many sailors meeting 
their deaths, for it looks like an aiiple. The active principle is 
not known. 
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The symptoms are severe pain in the mouth and stomach, 
iollowed by collapse. The lips and tongue become swollen and 
blistered, the abdomen tender, the pupils widely dilated, while 
bullae appear on the skin. 

The treatment consists ot stimulants and intramuscul.ir injections 
of ether, with inouth-washes. Internally opium, bromides, chlorate 
of potash, bicaiinmatc' of soda, or bisinutli, made into an emulsion, 
may ]>c given. 

hoHlainca Ixmchen, lleckeJ, I1S70 (Luphorbiaccte), is a tree 
growing in Xew' ( aledoiiia., llie ingestion oi iJie iruit of wliicli 
can^)e,'' syniplojn> anaiogous to jiroduccJ by Hippoinanc 

inaiU'i iuila. 

lUiciiini.- and de la. 1\l/ iiave also ilrawn atteii- 

Uon to ]>ois( >nnig iroin a. decoction of sanki, whicJi is tlu' fruit 
Illiciiiin i'ilipi(>sitriL v. vSirbold, which belongs to the genus lllicimti 
Limueus, oi ilie lainily Muii^noiiauc De Candolle, icSi8. Alontc'l 
111 Indo-Chiii.i lias also found it to be poisonous. The symptoms 
appear to I'esemble cholera, Init diagnosis lias to be made from 
stryc 111! ilie poisoning, tetanus, and cei'ebro- spinal meningitis. The 
r^ymplonis were \'omiting, diarrhuea, thirst, unconsciousness, 
convulsions, cranipr>, profuse sweating, oliguria and anuria, small 
ra].)id ]>ulse, cold extremities, paresis of the lower limbs, and ex- 
haustion. Tlu' lK:ad is retracted, the eyeballs bulge, and the face 
becomes cyau(»tjc when the resihration stops. In China eind Japan 
it and it'^ related species 1, anisaliDu, the star anise, which is 
harmless, are called badiane. 

The .seeds of Kicifuis comniuni^ Lmnieus (Irujihorbiaceaj), tlie 
caslor-oil ])iant, are poisonous, causing Inirimig in tlu' throat and 
abdomen, voiiuthig, purging (may be absent), and eoilapse. Tile 
fatal dose appears to be three seeds, and to kill m about forty-six 
hours. Tost-niorlLin the principal feature is gastro-iniestinal 
intlammation. 

The treatment is emetics, sliiiiulanis, and hypoderniies oi 
mor])hia. 

ill. bTlMULAM AM) .sCDATiVK TOiSOxMlNG. 

Aiany drugs are (.'i]iplo3 ed all over ilie world to stimulate 01 
to deaden the nervous s} stein. I'hese stimulants and sedatives 
have been used by man Irom time imiiiemorabie to whip up a 
llagging ner\'ous sxsteni, or to deaden the cflects ot incntal 01 
bodily sullenng. 

Used judiciousl}’ tind in a proper manner there can be no doubt 
that the}^ allexiate human sulienng, but if used injudiciously or 
immoderately, and esiiecially if they are constantfy taken, they 
become ‘ fiabit poisons,’ and as sucli affeet the celfs of the body 
injuriousfy, and b^' so doing some of them become true ' racial 
poisons,’ and as such have been mentioned in the section on 
Uugenics (sec p. iid). 
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It is not our intent to write, except in the briefest manner, uj)on 
these poisons, as their effects are fully considered in special works 
and are also contained in all the ordinary textbooks dealing witli 
general medicine. Notwithstanding this, we feel that a few 
remarks dealing with these drugs in the tropics are necessary. 

Alcohol . — We have already referred to our belief tliat this is 
a personal and a racial poison, and w(^ would warn our readers 
not to be misled by statistics on this point, and if tliey wisli further 
information to refer to Adami on Karl Pearson (vide references). 
Alcoholism is unfortunately on the increasi' among tropical natives, 
and is doing great harm in the form of indigenous stimulants such 
as arrack, which is almost directly the cause of a large percentage 
of the \aolent crime in Ceylon, as was shown by the fact that the 
accident wards of the hos])itals were nearly tanpty in the pro- 
scribed regions during the period of a social prohibition. 

More dangerous, in our opinion, are the imported clieapca' 
alcoholic drinks, such as the chea}) whiskies, gins, and rums, whicli, 
being cheap, are drunk in quantity and greatl\' deteriorate native 
races. These bad etfects nre not due to fusel oil, wliich is not 
present in these chea]) forms of spirit, which in many ways are 
the ])urest form of alcohol to be obtained, and luaice their effect 
is truly due to alcohol and to alcohol only, and tludr real danger 
is simply because tliey a.re cheap. Methyl alcohol is a, direct 
])oison to man, a fact but little understood at the present time. 

is eaten in Persia, India, and Africa, and smolu'd in 
Ma,la\:i, Indo-China, and I hina, but for the latter process it has 
to be s])ecially ])re])ar('d. On Ihe bki.stern mind opium is said to 
have two ])ossible cdk'cts: either it ])roduc(‘S a. sens(^ of absolute 
blank, or it produces fancy dreams and visions. The effects of 
chronic moriiliinisin arc loss of ajipetite, emaciation, and exhaus- 
tion, and h('nc(.' iruibility to think or work. 

It is. howe\e]', ]U'oba.ble that the effects of o])ium are not as 
])ad as tliose of alcohol, and, used in moderation, it may not be 
niort' harjuful than the use o! to!>acco. 

i'ocaine has been used miicli of lati^ in India, as mi intoxicant 
or stimulant, to countera.ct the effects or in lien, of opium, owing 
to the restrictions on the sale of oi)iuni. Ihifortunatcly, children 
have begun habitually to use the drug, d he cocaine is chewed 
with betel and chunam (slaked lime), and jiroduces at first loss 
of sensation in the tongue and lips, followed l)y drync^ss of the 
mouth and fauces. The temperature does not rise, but the pulse 
becomes full and quick, and at this stage the inebriate likes to 
be left alone, and lirnily closers his lips k^st the saliva should flow 
out. His ears become hot and red, his cheeks pale, and the tip 
of his nose cold. Perspiration breaks out, and the maximum 
amount of the so-called hilarity or exaltation, due to overstimula- 
tion of the neiamus system, now appears, but is speedily followed 
by depression, which induces the victim to take another dose. 
The teeth and tongue of the confirmed cocaine-eater turn jet- 
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black, probably due to some chemical change produced by the 
action of lime and saliva on cocaims Pernicious symptoms in the 
form of emaciation accom})anied by insomnia , digestive disturbance, 
diarrlia'a, deafness, diminution of urine, delusions and hallucina- 
tions, and c^ven at times acute mania., may aj^pt^ar. 

1 mil an Jn'inp {('annahi-. saliva) is used in .India, Arabia, Persia, 
and (']s(‘wl)ere as a narcotic. It must be nanembered that C. saliva 
grown in India, lias <|uite dilTert'nt ])r(>])('riies from the same plant 
grown in Ihirojie. Jn India there are four \'arieties sold: bhang, 
consisting of tlu; diic'd k^avas and stalks reduced to a powxler; 
ga.nja, th(‘ (lowaring to])s; charas, tlu* resin from the leaves; and 
majun, a. s\\(‘e1 uK-at pr(^]>ar(al with Inan]). In (kaitral Asia, the 
la'sin is ea lias' li!-.ch. 

Its aclion (.11 niaii is to ])]'o(!iic(' a jileasiirable. excitejiieiit 

and lat('r narcotism. In ni<>(k'rat(‘ doses it tem])ora.rily incrtaises 
the ((.‘('ling ol slivngth and ])owi'r. As an intoxicant it is much 
used, being oah ii or smoked, a.nd is said to be‘ one ])otent cause 
of insanitv iji India. Waddell says that about geS-g per cent, of 
.Ikaigai hmac\' can be- traced to this source. It is asst.-rted to be 
oih^ of the ca.nscs oi the strange ])henoinenon calkal ' running 
amok,’ l)nt this will Ix' d(‘alt with in detail later on, uikUt diseases 
of the iie-rvous systcan. 

Kawa is an intoxicating drink jirepared from tlie root oi 
Piper inc/livslicmii Porster (Piperaceie), which grows throughout 
Ikilynesia. 

Aecoi'ding to i (‘will, kawsi. contains starch. Hour, tw'o inacti\'o 
substaiior- ka\o!in and yangraiin- and 2 peroiait. oi rt^sm, which 
is belicAcd lo he tlu‘ acti^■(' jirinciplc. Put this resin, by tre^atniciU 
with, ('tlua, can be* lesoha'd into t\V() si^pai'ati' substance's, one e)L 
wdiich has .1 \ve‘a]:, and tlu' othe*i' a, strong ae:tie>n on man. Tlu' 
drink cause's <a, Jee'ling e)i hicn-clre, but too much has an c\dl e'h’e'ct, 
with syin])toms of inco orelination and lu'aelache, a.nd a dosire loi’ 
sk'e']), and may mdiaa- ji\ e'r disc'asc'. (h'l'matitis, aiiel ge'iU'ral de'l>iht\ . 
ddake'U in nuxhaaliou it is sa.id ((► be harmle;ss, and rdso to bt' a 
cure' for gonorrho-a, and, as sue;h, was introeluced into iuirojiex 
Pcxoitl (pelloto) is a narcotic useel in Mexie.o, and de'ri\'('(i fre)m 
the cactus, Anlialaniiini Icwinii lleiin. It causes sleep w ith 
liallucinatienis. 

i'orii’n.t ‘•])i'Ci('s ( niscijolia lanna'us, tlu' poise)n-l(,'e)t ol 

Ne'W Ze'alaiid. and (.’. inyrlifoUa Linnaais (a nati\'e ol laurop(t) - 
ail' consieleia'd to be' intoxicant or ])e)ison()US, according to tlie 
dose'. Idle sym])toms are coma, convulsions, anel dilateal jiujiils. 
Im'oiu ('. niscijolia the Maoris are saiel to prepare a wine and 
jellv. 

Piliiri [Duhoisia hopu'oodi Pd Mue'ller — Solanacea') is a shrub 
grow’ing in Australia and Menv t'aledonia. In the former it is 
fouiiel in 1h(^ ni'ighbourlmoel of (dirlo or IMungerebar ear the Upjier 
Mulligan, anel liDiii this in scatteivel ])atche‘S e'astwairels. At Carle) 
live the UJaolinga tribe's, from whom the other tribes purchase 
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the pituri by barter with spears, boomerangs, etc. About the 
beginning of March the pituri leaf is gathered and is sold in the 
form of half-green, half-yellow tea mixed with plenty of chips. 
The preparation is complex: it is first roasted in ashes, then wetted 
with water, then teased with tlie fingers, and all larger pieces 
removed. Then leaves of a species of wattle or gigcon arc heated 
over a lire and finally burnt, the ashes being retained and mixed 
with the moist pituri on a ‘ ])ituri plate a smooth surface— 

and finally manipulated b\^ the lingers into small rolls, 2-]' inches 
long by J inch thick. These rolls are chewed by the natives, and 
are in great demand as a narcotic. Reserve rolls arc carried at 
the top of the car. Tlio Australian native names are: ‘ Maja ' 
(Walookera). ‘ ne-em-pa ’ (Yaroinga), ‘ im-da-kor-a ’ (Undekere- 
bina), ' pi-tu-ri ’ (Ul-aolinga), ‘ ti-rum-bol-a ’ (Karanga), ' ta-rem- 
b 6 -la ' (Ihtta-Pitta), ' moda ’ (Kalkadoon). d'he alkaloid piturine 
is identical with hyoscyamine. 

Betel. — The chewing of betel is an extremely common practice 
in the East, where the lea.ves of Chavica hetle (|)iper betel) are 
chewed with slices of the nut of Avcca oberacea (Pinang or areca- 
nut palm) and mixed with lime. Betel stimulates the salivary 
glands, and, it is said, those of ihe digestiv(‘ organs. It diminishes 
the perspiration, and should be spat out and should not be swal- 
lowed. The irritation may be the cause of the commonest cancer 
of old ])(a.)ple in these p<irts. In the young it may possibly be 
th(' cause of lieart and nerv^e diseases. 

Kola.- — The kola nut so much used as a stimulant by the African 
native is the laroduce of several species of the genus Slercidia 
Linnieus, of which the ])rincipal are St. iomcnlosa Thunberg and 
Si. acuminata Beaver, while St. niiida Vent, Si. ballayi, St. verti- 
cellata Thorne, and St. sphevrocarfya^ may also be noted. This nut 
has been known since the days of Leo Africanus in 155^, when it 
was known in the Sudan as ' goro.’ 

It is su])posed to be a ner^a)us system and cardiac stimulant, 
it raises the blood-i)ressiire and increases muscular i)ower, and 
certainly with kola nut and water a Haussa can travel far and 
work hard, as we know personally. 

Analyses have been made and a glucoside, ‘ kola min,’ has been 
obtained by Hilger and Knebel. 

Guarana. — This substanccc which is made into oblong or round 
cakes, is sold in Brazil as guarana bread, being considered an 
indispensable requisite for travellers. It is made from the seeds 
of Paullinia sorbilis Martins (Sapindace<'e), which arc pounded 
and sweetened. It is said to contain a white crystalline substance 
which Theodore Martins called ‘ guaranene.’ 'fhe Brazilians 
consider guarana to be a stomachic, a febrifuge, and an aphrodisiac. 

Mate. — Paraguay tea is called ‘ mate ’ from the cup out of which 
it is drunk, or better ‘ yerba,’ meaning herb or plant. St. Hilaire 
was the first to find and name the Ilex paraguariensis, which 
Lambert in 1824 changed to paraguayensis, and this is accepted 

12 
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because St. Hilaire cancelled his original name. It is prepared 
by slightly scorching the leaves, which are^then^ broken 


heroine a lialiit with tliost' who drink it. 

Mate is inncli nsc'd in -Paraguay, Uruguay, the Argentine, and 
Southern iJrazil, hut in tlie last~nanit‘d lU’.v <iongonha Martins, and 
Ilex iheeezans Martins are enij^Iinaxl. 

Coffer.- — 'J'he delt'terions ehects of (excessive tea-drinking are 
well known and tkxM not ho n^jieatcxl, but it may ]Kniiaps be as 
W(‘ll to invite attention to the ex essive ainoimt of Jdirkish coffee 
which is drunk in the Middlt^ kkast. 

Ol/irr J Prisons.- In Malacca th(‘ l(‘av(‘S of Mi/i aj^yiia speciosa 
Korth (]\bil)iac('a‘) aia* said to be* usihI in ]ilac(' of opium. From 
the kraxx's <)f Uasrs'/a /a///'e//a Koxbnrgh and />. lonyi folia laimteus 
(Sa])otac(\'e) intoxicat ing drinks an^ liiadtr Hyoscyaiiius inuliciis is 
ns(ul as an intoxicant by the Ikdiiclars, and makes them dance like 
Inna.t ics. 

Ihe juice of thi' fruit (d A nacardiiDu occidcntalc ( Anacardiaceje) 
is uschI aftca* disl illation in Goa as a drink. 


subjected to a strong ])r(‘ssure. A iianami 01 tms 
is infused in a small spouted vessel called a mate. It is ki 

sucked hot through the spout or ho mhilhi which 
its lower side whh small holes, which, while allowing the escape 
of the liquid, prevent tlic^ pUces of leaf following. It is diun 
fresJilv infused, and is said to lie an aperient and diuretic, and to 


IV. INdSONS USED IN TRIAL BY ORDINAL. 
bOIS(.)NS \ J-: (idx'I'.NC'j I). 

( nrions customs c'xist in savage lands of tri.d bv ordini, in 
which th(‘ patii'ut is gi\'en a drug and tlieii ordcaarl to ])<crform 
SOUK' act. \\ addl'd lecords the history of an old Hindu woman 
who was su])posed to bi' a witch. She was tried b\' orchsal, lieiiig 
givi'ii a ]H)ison()us drug (datura) in tririck', as it is a native bihc'f 
that a, witcli can witlistand ])oison. The ixsuit ol tlie ordeal was 
that the jioor woman diial. 

In Alrica the greater ])art of thes(‘ poisons belong to thc' 
Loganiaci'a*. Apocynacea*. Leguminosa', and Solanacixe, but tlii' 
plant ('lujiloyed varii's in tlu' different regions, and many are still 
unih'terminc'd c.g., M’lbuig may b(‘ a striqihantlms, wliik' 
M’Boundou is undettwminiMj. 

Rho givi'S an account of trial in West Africa by ‘ imbimdi,’ tlu' 
slici'd root bark of Slryr/nios icaja (Bailloii), which is said to con- 
tain strychnine. 'J1ie accusixl, after drinking a concoGtion of the 
root, is made to jump over a stick, and is pronounced guilty unless 
he is abk' to do this, or to ])ass urine on to a banana-leaf, both 
of which feats are usually impossible. 

Christison mentions tlie Calabar bean of ^^'est Kir'ica.Physostigma 
venenosum Balfour (Lcgumiiiosa.'), as being used in trial by ordeal, 
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the belief being that the innocent vomit and are safe, while the 
guilty retain ihc poison and di('. Its antidote is atropine, ad- 
ininistered hypodennier.lly. 

Erythraphlcvinii jiidiciulc Procter; '['(Diyhinia venenifcra 
(which contains a toxic h,isc with an action like digitntin), and 
Mcnahea venenaia Jtailion. an^ used in Madagaseai’, and A deni uni 
sonial use IV)ir(.“l in Soinaliiand, for ])nrj)oses of trial by ordeal. 


REFERENCES. 

J/or a description oJ' tlH‘ tunilies a .d tlioir species, sec. Jdigler and Pra.nll, 
‘ J 3 i(' Natii ! lic.heii Plia.nzcidainilien, ’ i.eipzig — -ApocynacCcC, iv. a, 100; 
Loganiaccac iv. 2. 19; tuipliorbiaceac iii. 1; ldIiac(M‘. i. 5, ro; Legu- 
minos.'C, ii. i, 150 Sec' aJso Hc'iitic'y and 'J'rinicn, ‘ Ak'dn ina.! Pla.nts.' 

Por the iKjnienchitun' see Hooker and Ja.ckson’s ‘ Index Ivewc'Jisis.' 

Bancroft, J. (1859-1872). i^itiiri ik>isoii in 'rra.nsacli(ni.s of Philosophical 
Society, Queensiand (.pznd an ick'). 

Bose (1902). India, n Mc'dica,! (kizeth' (Cocaine' lla.l)i1). 

Caddy (1895). British iMc'dical Journal, i. i3(> (1 lippoin.ine mancinella). 
Cann.AND (o)T |). \iist ’’a.la.sir'n Me<l. (ki/i'lle, Jniu'. 

Dymock, Wardens' anj) Hoo]>i-;k (1890). rdninnacograpliia Indica. 3 vols. 
Calcutta. (.\ standard work.) 

J^YecKKcacR AND UA.NnoRV [iS-y. Plia.i ina.( ograpliia. Loiukni. 

Grade FT Clara ( (icjii). ! 'at liologi(' lc\oii(]n('. X’ol.v., ihnpoisonnemt'nls. 
Paris. 

Gkey (187.'}). Britisli Ah'dnal Journal, 108 (Buslimcni Poisons). 

Hr;cKEL (1870). 'hhesi' (Montpc.'llK'r). 

Kkr]Mc:»roant (J()oi)). Ihilletin d(' ia Societe dc' Pall)o!ogi(' Pxotiqiu', ii. 

330-3. p) (vahiai)k' }^a,per on /Mcoliolisini . Pa.ris. 

Kobert (190O). L('hrbnc!i der iiitoxi kal ioiien, 2 .\iil1. 

InNDSAY (1903). jouriKd ol 1 'ropical Mi'dicine a,n(l Hygic'ne, October 1, 30s 
(Ah'rba,-Ma i c. with illustration of apparatus). 

InA'ERSEDcn:, .A. (iSSi). 'l lu' .Alka-loid from Pit iiri. Journal oi Boya.l Societ^^ 
New South W'ale.s, lor 1S80. 123. 

Malone, A. (1901). l:>olaui<pi(' Pharrna.< c'utitpu'. 2 vols. Pa.ris. (A most 
valiiabh' rc'k'D'nce book.) 

i\lATi: (1842). l.ondoii Journal of Botany, i. 2nd .seru's, 30. London. 

( )NM )AAT.tiE, W'. C. (i 805-(.)0). Jouriial of Ceylon Ih aucdi ol liu' Koyal .\sialic 
Socic'ty, 157 fCalotropis gigant('a). Colombo. 

Perkot AND Ah)(iT (1913). Poisons de Idrclu's <'t Poisons d'bpn'uvt'. (The 
only book that we know of which decals with Poisons d’klpreuvcj. 
Renner (1904). British Medicail Journal, i. 1314 (Chaillcdia toxicaria) 

Rno (1914). Hie Troynschen liitoxekationskra.nklieitc'ii in Mens('’s Handbuch. 
I A'lpzig. (M a,n y rcderenc'c^- . ) 

Rodrioues (loop. L’tJira.erx^ on (aira.re. (Interesting a('count.) Bruxcdles. 
Smi'I'H (1905). 'l axMor's l'riiuip!('s and J *ia.ctic(' of Mc'dica,! Jurisprudence, ii. 
852-882. C.lia pter on Alrdical J urisp)riuU'nc(' in India, by Major Ituchaiian, 
I.M.S. (.'\n exci'lk'nt summary of llie subjc'c't.) 

Smith (1905). Ikiisonous Jdants of all Count rit's. Bristol. 

S I'A iu<' (1 ()05) . rile .Aconites ol India.. ('a,l(iitt.- 

Stockman (18113). Laboratory Reports of tlu^ Royal College of Physicians 
of Edinburgh, iv. (Urechites) . Edinburgh. 

Waddell (1904). .Lyon’s Medical J urisynudence for India. 3rd edition. 
Calcutta. (A mo.M valuable book.) 

Windsor (1906). Indian Toxicology. (A most nscinl small book, and gives 
many useful tests.) 

WhTTHATTs (1912). Manual of Toxicology. (Most useful general work.) 



CHAPTER XI 


ARROW POISONS 


Prcli n lino rv-— A f rica — Asia — PI lil ippine I sland s — Australasia — 
America — Kcicrences, 


PRELIMINARY. 

From liiiK immc'inoral^lo ix'oplos liavc used poisons to accentuate 
wound . made hy weapons, especially arrows. In 1857 Fontau 
discoverc'd soiric' arrow-i>()ints in the Pyrenees which were grooved 
to r('(aM\’(‘ ])()isons. 'Hu'sc^ discoveries are said to date as far back 
as t]i(‘ Did StoTU' Age. 

'riie arrows of ])riiniti\ e peo])les ])rodnce wounds which are by 
no means usually fatal, and tluT(‘for(\ in attacking big game or in 
warfare, it is obvious that some poison Avhich will insure tlie d(\aih 
f)l the \'ictiin fairly (juickly will be valuable. 

Usually thesf‘ poisons, or the more potent of them, are only 
known to the IV tisli ])riests or ctiiefs, and are generally mixed with 
all sorts of apimal extracts, the whoii' lieing made into a paste, 
and ])ainted on tli(‘ arrowdu^ads. 

If a si)e(aal ])oison is iirejiared, as a rule somi^ sort of precaution 
is also lak(‘n, so tliat tlu' owiK'r of tin* arrow may not In* accid(*ntally 
wounded, 'i hus, tin* h'ra-h'ra p(*opl(‘, wlK*n ])r(*])aring against the 
invasion of tlu*ir country, obtained a very jiotent ])oison, which, 
how(*ver, they handled witli gr(‘at caution, thougli they boasted 
that tln*y liad an antidote, d'liey kejit these' arrows, as a rule, in 
special (]uivers, and (‘ach arrow had a tiny stick tied to its shaft, 
so that it could Ih* c/arelully lifted out ol the quiver. Moreover, 
a tuft of red matc'rial was tied to the base of each of these* sticks, 
so that there could b(* no mistake as to wliich W(*r(* the sp(*cially 
poisoned arrows. 

Arrow-poisons may be classified into those of animal origin and 
those of \a^getal origin. The most common animal arnuv-poisons are 
snake-venom, scoiquons, s])idc*rs, red ants, and beetles, crushed and 
mixed with vegi'tal poisons, d'he Bushmen of South Africa and the 
nati\'es of Togoland make an arrow -paoi son by burning and iiowdering 
the heads of adders and vipers, regardless of the fact that the burning 
must destroy the venom. The Bushmen of the Kalahari Desert 
make a poison from the larvae of Diamphidia simplex Paringuey, 
which is thought to be really a toxin due to some micro-organism 

I So 
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growing in the decomposing larva. But animal poisons are not 
nearly so common as vegetal poisons. 

The most important natural orders containing vegetal arrow- 
poisons are, firstly, the Apocynaceae, which contains the genera 
Acocanthera, Strophanthus. and Adenium, all of which are common 
African poisons; secondly, the Loganiaceae, witli the genus Strych- 
nos, which is of great importance in Asian poisons; thirdly, the 
Urticaceie, with the important ipoh poison of Sumatra, Borneo, 
and Indo-China; and fourthly, the less important orders of the 
Ranunculaceae, containing Acomtum ferox (Wall), used in India, 
the Leguminosae, and the Euphorbiace^e, containing some African 
poisons. 

The actions of arrow-poisons are very varied, and may be classified 
mto — 

1. An action on the heart and muscles like that of digitalis. 

2. An action on the peripheral nerve-endings like that of curari. 

3. An action on the nervous system and heart like that of aconite. 

4. An action on the nervous system like that of strychnine. 

5 . An action resembling snake-venoms. 

The general treatment of a poisoned arrow wound is as follows: 

1. Tie a tight hand on the heart side of the xoound, if on a limb, 
to prevent absorption of the poison. 

2. Remove the arrow as quickly as possible. 

The difficulty in withdrawing the arrow-head is the presence of 
barbs, which can be prevented from doing mischief by thrusting 
the head through the skin on the far side of the limb — there is no 
necessity to fear about the bloodvessels, for they will slip away 
from the arrow — then cutting the shaft off, and drawing the head 
through on the far side, and the shaft on the near. If it is in the 
body, a good plan is to enlarge the wound and pass down some 
sort of a cannula -c.g., a hollow bamboo -over the liead, and tlien 
withdraw the whole arrow. 

3. Wash the wound with permanganate of potash. 

Having withdrawn the arrow, wash the wound out thoroughly 
with a 3 per cent, solution of permanganate of potash (if this 
cannot be done, cup the wound or suck it), in order to neutralize 
any snake-venom, and, indeed, any other poison capable of being 
oxidized. 

4. Keep the heart working. 

Give stimulants -c.g., hypodermics of strychnine — -after the 
arrow is removed and tlu‘ wound washed. 

5 . After-treatment. 

Treat the hurt as a poisoned wound. A dose of antitetanic serum 
would be good, if available. 

Some of the principal arrow-iioisons rec}uire to be described in 
more detail. 

Africa. — The natural order Apocynaceae contains, as already 
stated, several genera of plants which provide celebrated arrow- 
poisons much used by native peoples in Africa. 
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These genera arc Acocanthera, Stroplianthus, and Adenium. 

Acocanthera Arrow-Poison - genus Acocanthera supplies tlie 
most importiint arrow-])ois()ns of East, Central, West, and South 
Africa. The poison, which is called waba, wabajo, or ouabaio, 
was first fully described by Burton in i85(). It is ])repared from 
the tr(‘e .1 . schimperi (T)<‘c) in Abyssinia and throughout the greater 
part of lyist Afri(::i. Ixbig iisc'd by the Wataita, the Wakamba, and 
prol)ablv ollitM' tril)(‘s. The s|)ecia,l Fra-lTa arrow-poison of the 
(lold (oast is probably d(M'i\a“(l irom some* s])eci(‘s of Acocanthera. 
In Erytlinea and . 1 . dcIlcrsH Schweinbirtli is used, and in 

Somaliland . 1 . oucJhuo ( athelineaii. Tlu'se trees are 4 to 5 metres 
in lu'ight, with dark gnaai foliagia whib' or n^d llowers. and violet- 
rt^d fruit. 1 he poison i-^ uMialb' ])re.])a.red by making a decoction of 
lh(' wood, and e\’a])oraling it down until it becojiKS'. a thick tar- 
lik(‘ ('xtract, which conta.ius th(^ active i)rin,ciple. This principle, 
which i'. a ghi(a)sid(‘ calk'd ouabain, acocantlu'riii, or wabain, is a 
powc'idiil (ardiac ])oison. In addition, the uali^'('S geina'aHy add 
snakes’ lu'ads and ga,ihbiadd<‘rs to tlu' lardike nuiss, l)ut it is 
doubtful whetlK'r these O'adK’ inereas(^ its ^'irulenca^ though it must 
b(‘ a.dmitt(al that sometiuKS tla'i’e wv symptoms analogous to 
snake-poisoning. 

1'he thick ('xtract of ilw wood eontaining am' oilier additions, 
which iudix idu.il p(‘culiarit\ nun' ‘ onsid.'r nc'cessary, is now ])ainted 
U])on th(‘ arrow lic'ads. 

'I'lu' 'wtion o! th(' freshb' jjo p, ned poison i- \'. r\' rapid, death 
taking j)laC( m .1 lew minutes tliroiigh ^to])])ag(' (h. the heart, alter 
a i)r('liiniuai\' pnickeiiing ol th(‘ respirations aiui ('.omuilsion^. 
SonK'tinu'S ])ain is complaiiU'd ol in tlu' lumbar I'egion. d'he 
sym]'>tom> can be rc^a.dily ]>re\’ent(‘d b\’ a p, per cent .'^rhution ol 
])ernu:nganat(' ol ])otassium. Ilu* nativi' rt'nie<iv is bcTeved t<) 
consist in eating some o! the jioison. 

.VnotluM’ imp(*rlant Ai'ocant hera poison is .1. vcncuidu 'rimnberg, 
which is ('m])lo\'('d b\ tlu' ^olltil Alnc.an itushinen, and is said to hr 
nutde Ironi a decoc,ti(»ii oi th(' liark. d'he SN’mptojns are rigor-, 
without com ulsions, and loss ol muscular jiowi'r, followed b\' dc'ath 
in a fi'W minut<"^. 

Slropluni/Ii IIS A n'oa'-Poistoi. Inxingstone wa.s proba,bl\ the In-d 
to draw attc'Ution to a Mrophanthus arrow poison calhal kombi, 
used in ('caitral Afric.a. Sfrop/Kuiflius hispid us Di' CandoiU is a 
very common ])lant in man\- parts ol West and Central .Mriea, and 
is a. common arrow-])oison. but uoi nearly so deadly as that of 
Acocanthera. The otlua' \’ari('ties us(‘d an* S. ;j^/(ihris^ S. kauihc, 
S. Ufiiosus, S. ciaho, S. huriku. 

Tlu' [loison is obtained h\ cooking tlu' stvds in water, and adding 
snakes’ heads and Uaivi'S and roots of otlua' -jilants. 'Tlu' injurecl 
man lalls to tlu' ground, and Ids i)realhing and pulse iKxiome 
gradually slower and slower, until the lu'art-lieats suddenly ct'ase, 
and d('ath (‘iisues, preceded by a coinmlsion in about ten to hfteen 
minutes. The heart stops in systole, and wall not contract on 
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stimulation. Strophanthus is used on the Congo, Lake Nyassa, 
Zambesi, Gaboon, Guinea Coast, Gold Coast, Cameroons, and 
Senegambia as an arrow-poison. 

Adenium Arrow-Poison.- — -There are two species of Adenium 
used in Africa — viz., A. hoohmiamim Schinz and A . somalensc Oliver. 

A. hoehmiamtrn, which is a shrub about i-i to 2 metres in height, 
is used by the Ovaml)o of (ierman South-’^'est Africa to prepare 
an arrow-poison called echuja. 'I'he thickest branches or roots are 
cut across and held over a, lir(\ when the thick, viscid sa]) exudes 
in threads, and is colh^ctc^d by winding it round small ])ieces of 
wood. The arrow-heads ai\' now moistened by spitting upon them, 
and then smeared with the sa]). 

The active princi])k‘ is echujin. which is a very virulent cardiac 
poison. The Somaliland species is equally virulent. 

ErythrO'phUrmn pidtaale Proct.- Its active principle is an 
alkaloid, erythro])hloem, which cau.ses dyspncea, first slowing and 
then quickening of th(‘ lu^art, and finally death from stoppage of 
breathing. It is used by the Thgmies of (Antral Africa; but the 
principal Pigmy arrow-])ois(m is a mixture of this witl’ strychnine, 
which will kill an (^hq'hani. Prompt treatment, however, is said 
to be able to sa.v(‘ a man’s life when wounded by one' of these 
arrows. 

Mwichi Arvow-l^oison. The Munchi arrow-])oison, which is uschI 
by the Backorana. clan in Northern Nyeni, is said to be iU‘arly 
always latal to man in about half an hour. The method of i)re- 
])aration is not known, l)ut the ])oison is plastered in a thick layer 
on th(‘ long jxnnt of the* barb. It is brittle, of a dark brown colour, 
with slightly aromatic odour, and is insoluble in cold or warm 
water, in normal saline or acidulated solution, but dissolves easily 
in alkalis- e.g., 1 per cent. NaoLO.^ solution. It has no alkaloidal 
])ro])erties, and does not rediua^ co])])er sulphate in alkaline solution. 
No iluorescencx; occurs with l-l^SO^, and there is only slight reducing 
power after pi olongt d boiling with mixed acids. It acts by paralyz- 
ing the heart and the striated skeletal muscles, but no distinct 
action on the muscle plasm can be detected. The toxic substance 
is thought to belong to the class of resinous acids. 

Euphorbia candelabniiii. — Tliis is supposed to be one of the in- 
gredients of the ]wis(jn ‘ iiciuuya' (meaning poison), used by the 
Wafiomi, Wagogo, oi laic (icrman lAist Africa. The otluT in- 
gredit nts are not known. Acco rding to Bncger, th active principle 
is exactly the same as in Acocanthcra. Rho says the Wakamba use 
a similar ])oison. 

Less important Atrican ai row-])oisons arc: — 

(a) Used by the Monhalt u Dwarfs — 

1. Er3^throjilil(tnim s;nineensc G. Don., belonging to the Leginninosm, 

oi wlncli the bark is nsctl. 

2. IVili.sota bartcri Bcntham. 

3. Combretum grand itlorum (L Don. 

4. Strychnos icaja Baillon. 
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{b) Used by the Hottentots and South African Bushmen— 

5. Hasmanthus toxicarius (Linnaeus). 

6. Euphorbia cerciformis (Linnaeus). 

7. Euphorbia virosa (Wight). 

8. Euphorbia heptagona (Linnaeus). 

9. Euphorbia, arborescens (Boissicr). 

10. J ! yc7_uia nolle globosa (r>:imb). 

Nigerian A rroxv -Poison ^.- — Parsons finds that the common arrow- 
poisons are eitlier stroplianthus or strychnos. 

Asia.- -I'Ju! Ix st known of these poisons are those used in Malaya 
Sumatra, and J^omeo, and prejiared from the following: — 

Rammculaccct — - 

Aconite (various species). 

U r tic a cecB — 

Antiaris toxicaria Leschenault. 

LegnminosO!— 

Derr is elliptica Bentham. 

Loganiaccce— 

Stryohnos ticute LesctK^naiilt. 

Slryclinos wallichiana, Bentham. 

Strychnos maingayi Clarke. 

Ruhiaceev — 

La.siant]ius llavescens Korthals. 

IHoscorcaccur- - - 

f)ioscor(‘a hirsuta Blume. 

A roidccB — 

Amorphophallus campanulatus ]>lumc. 

A pocynacece — 

Ta,bern:emontana ma.lacccnsis Ifooker. 

Aconite . — The Mishmi arrow-poison of North-East India is d(‘rived 
from some sju-eic's of aconiltg jx'rhaps A. ferox or .1. JioterofdiyUoidc. 

Aconiliivi ferox W'all, belonging to the natural order of thi^ Jvanun- 
ciilaceag is used by tin- llinnda.van tribes from Assam to J^ashmir 
as an arrow-poison, and se\ (‘ral Scyioys hav(^ boon morlally wounded 
in ex])oditions. 

Tlie poison is apydied as a ]>aste to tlie. arrow, and is said to be 
mixed with septic blood to increase its elt'ects (Waddell). It is also 
said to be used along the Ereiu'h and Chinese frontiers of tlie Indian 
Ji^mpire, and by the Ainos in Japan, but the latter arci l)eli( aad to 
mix it with tobacco. 

Antiaris toxicaria. — A. toxicaria (Lcsch) is a tree growing in 
Malaya, the sap of which })rovides the aiTow-})oison known as ipuh, 
ipo, ipoh, ternck, kyass, ])odn. upas, etc. It is usc'd by the Sake is 
of Malacca, the Battaks of Sumatra, the Dyaks of Borneo, and the 
Mois of Cochin China. Brandwood’s dart-poison, dajaksch, from 
Borneo, appears to be from the juice of A, toxicaria. 
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The earlier travellers in Malaya gave wonderful accounts of the 
upas-tree and its action, which were purely imaginary. Delislc 
and Magendie appear to have been the first to make experiments 
with the poison in 1810, and they were followed by Brodie in 1811, 
who showed that the heart-beats became weak and irregular before 
respiration or the mental faculties were impaired. 

There appears to iiave arisen a confusion between the juice of 
A. toxicaria and Sirychnos ticuU\ whicli explains the finding by 
Hedbon and Welting of strychnine in upas antiar. Pelletier and 
Caventou, tlu^ discoverers of quinine, studied the chemistry of the 
poison, and in 1838 Mulder isolated the active principle as a crystal- 
line body, wbich he called antiarin, which in 1868 Dcirij and Ludwig 
showed to be a glucoside 

Kiliani in 1896 investigated antiarin, and found its formula to 
be C27 H,.,Oiq. The physiological action of the poison has been 
investigated by a large number of observers, notably by Hedbon. 
Kiliani, and Seligmann, the last-named observer giving a most 
excellent account of ipoli as used by thii Kenyahs of the Baram 
district of Sarawak. 

The poison is prepared from the inspissated juice of the tree, 
and is cither used alone or is mixed with S. iicntc, snakes’ heads, 
or other substances. 'Phe whole concoction is made into a paste 
with water, and api»lied to the lieads of the arrows, which arc then 
dried befoi'e a slow tii\ . 

The poison acts on the vi ntricles of the heart, beliaving like 
digitalis, and, in addition, causes paralysis of the cerebral nervous 
system and passing clonic -.])a.sms of the voluntary muscles. 

Croton iiglinm-- -Fraser conskh^rs that this is one of the Abors* 
arrow-])oison. while the other is probably aconite, i)ossible A.ferox 
and A. hetcrophylluin. 

The Sirychnos Ayroiie-Poisons. — Sirychnos iienle Lesclienaiilt is 
the upas tieute of Borneo, 5 . wallichicina Bcntham is the ipoli 
aker, and 5 . maingayi the aker lampong of the natives of Malacca. 

The poisons obtained from these plants are said to contain 
strychniiK' and curari. The sym])toms a.rc said to b(^ paralysis of 
the muscl(‘s, abolition of tin* r(‘ti(^X(‘s. and stoppage of the heart 
and respiration. The urine contains a substance which reduces 
Fehling’s solution. 

Manbhnm Arrow-Poisons Anderson thinks that tlu^se poisons 
may ])ossibly be manufactured in the following ways: — 

1. By dipping the arrow-heads into rotten fish or meat, or into 
the highly decomposed human body, or into animal secretions 
equally decomposed. 

2. By coating them with nux vomica and sulphide of arsenic. 

3. By coating them with snake venom. 

4. By dipping them in mud, so that they acquire the organism 
of tetanus 

Less important Asian arrow-poisons are : — Guatteria veneficum Mart, Cocculus 
toxipYus Mart, C. amazonum Mart, whicli are also used in India as arrow- 
poisons, the active principle being curari. 



I86 


ARROW POISONS 


Philippine Islands— The arrow-poison used by the Negritos of 
the Philipi)inc Islands is Rabelaisia philippincnsis Plancli. wliicli 
causes paralysis ol the (extremities, dyspnena, convulsions, <ind 
cessation of th(e lieart’s action. 

Australasia.- -T(‘ ])ant('(X quoted by A auglian and Novy, says 
fluit the jjoisoiious ernnvs ol the natives ol the I\e\v Hebrides die 
prejiaiY'd J)\' snieeriiii^ ilu' points, which die usihilly m<al( 

/iiiiiiaii boi](‘S. will), iirsf. a vegetdhle resin, and then with slime 

tak(‘ii ironi i]iarslj\’ placits. i • n 

America. I lie important AiiKTican arrow -poisons used m tlue 
valh^yr, oi tlic Amazon and Orinoco belong to the T.oganiacem, and 
[\vc. Sf)'vc/i/e>s /oxi I rr(i Schomb. vS'. crevniixu Planchon. At cnslcJiiicca )id 
1 iailloii. 

'rii(e ::cli\e [)riji(:i])le is enrari, and, it is said, curin. Curari. or 
onrai i, was lirst brought to luirope by vSir ^^dllter Ivalcigh in I3d5* 
'the drug paral\'ses the motor end-])]a,tes, a.nd canstes chxitli from 
iaiinre ol the rt‘sj),rat ion. 

I.rss im Dorian t .Vniiiiran arrovv -])oj,M)iJvS are: — 

(a) l\iulltui(f l'>iuii(ila (Liiiiia‘11.-), iisc<l bv native' Indians ol llrazal, 

(//; riscidia iryihiiud (Janna'iih), used in I’.ra/i] a.nd Central 7\meriea. 
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POISONS USED IN FISIIINO, HUNTING, 
yXND TRADE 

IdsI) iioisons -Ibisoius in Iniiil iriR - Ca itlr ixiisuiung — 

Rat poisoTiing— J.oi'iisl poisoning - -I ’oisoning oi lunis - 'tradi'. poisoning 
— ReJcrcncos. 

PRELIMINARY. 

In this clKipt(\r wc considur in tin* hriuhxst jiossililu niiinnc'T tliu 
use ol poisons to kill lish, l)ig gome, cattku rats, birds, and trade 
pc )i soiling. 

FISH POISONS. 

It\’c‘ry now and again wo liata; boon appoalod to lor ilio purposo 
ol oxidaining why a larg(‘ nninbor of hsh lia\’o biRTi found dead 
in a rived' or lake, and caTtainly in those which we‘ liav'C' beidi able^ 
to investigate ])ersonally the causal agent has been poisoning of 
the waters. 

It is a coiniuon practice all over tlie world to llirow ])ieces of 
bark or loaves of tree^ and shrubs on to the water, in order to 
stupefy hsh, and thus eaiable them to be easily caught. 

The‘ nuiulier of plants useal for this purj)()Se‘ is \'ery great, and 
though we ha\’e not thought it ne^cessary to giw' a derailed list 
in this book, still, we consider that it is useful to gi\'e a few 
examples, as a knowledge of the subject is at times najuired. 

The plants used in (Twlon for the purjiosc^ of intoxicating or 
killing hsh aiX' giwdi in tlu‘ following list su]>])lied to us by Mr. 
Drieberg ; - 

1. Anciyjnirta l^amcuUiia (/J, cocculus Wight and Arnott). 

d. Barriiigtonia aci'Jangiila fiaiTiiKd'. 

g. Eiiphorhia iintcalli Limueus. 

4. Lasiosiphon crioccphalus Decaisiie. 

5. McTsa indica Wall. 

6. Ahindulea snherosa llentha.m. 

7. Randia dumetorum Lamarck. 

8. Strychnos nux vomica Tamueus. 

cp Wahura piscidia l\oxburgh. 

ro. Derris uliyiiwsa Bentham. 

Hydnocarpiis venenalus CkuTtner is also said to be used, and to 
poisonous on account of the hydrocyanic acid it contains. 
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In India the following are used:-- 

Anamirta cocculus Wight (Menispermacca;). 

Dolichandrone falcata Scemann (Bignoniacecc). 

In Java and Sumatra: — 

Piitospontm dcnsitiormn Putterlick (Pittosporeae). 

'Tephrosia toxicaria Persooii. 

T cphrosia p iscaiori a P crsoon . 

In the Pliilii)piiU‘ Islands : 

Sapindus rarak De Candolle (Sapindacece). 
narpulia arbor ea Radlkofer (SapindacecT). 

In the Dutcli k^ast Indies 

Dcrris elliptica Jtoitham (Leguminosae). 

Pachvrhizns angulatus Richard. 

Both of lliese i)lants contain a nonuiitrogenous substance, called 
respecti\X‘]y derrid and pachyrhizid, highly poisonous to fish. 
Derris-root will kill iish in a dilulion ol i to 25,000 of water, and 
derrid in i to 5,000,000. 

In tli(‘ (\uuoro Islands: 

I'cphrosia vogclii Hooker (Iveguminos:e). 

In the West Indies: - 

Piscidui erythrina Jdnmeus. 

riiis ])lant, called the Jamaica, dogwood, is used by throwmg 
the l(‘av(‘S and lu'anclies into the water, when the active 

])rinci})le, piscidin, dissolve's out and ])araiyzes the hsh, which are 
easily caught lloating on the surface'. 

In ( iuyana : 

Tapura yuyancnsis Axdile't. 

I chihyotherc citiiahi Martins. 

In South America: — 

iircima asiatica Linn.eus. 

Dicha petal um toxicarium Bailie )ii. 

Serjaaia ichthyoctova Raellk (the Timba ol the Amazon). 
Serjania lethalis St. HilJaire (the Timba of tlie Amazon). 
Serjania, piscatoria Raellk (the* Timba of the Amazon). 
Hvdrocofyle javenica Thremberg. 

Clibadinm asperum De' Caudolle. 

/ acquinia anniUaris Linnieus. 

In Africa: — 

Ki^^cHa africaiia Linn.eus. 

Paulowilhehnia spcciosa R. Brown. 

T cphrosia vogelii HeK)keM'. 

In Sardinia: — 

(Enanthe crocata Linmeus. 

Daphne guidium Linnaius. 
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POISONS USED IN HUNTING. 

In India the root of Arum montanum Roxburgh is said to l)c 
used to poison tigers, while aconite is employed for the same pur- 
pose against elephants, especially A. ferox Wall. In vSan Salvador 
the ' Cangoura,’ Rourea oblongifolia Hooker, is emj)loyed. 

CATTLE POISONING. 

Cattle poisoning is a frequent method of revenge in India, and 
the drugs most commonly used are > -Arsenious oxide, arsenious 
oxide with sulphite, arsenious oxide with oxides of lead, sulphides 
of arsenic only, oxides of lead only, sulphate of copper, nux vomica, 
Coccul'us indicus, mercury, and sulphate of iron. 

But, in addition, Abrus precatorius Linnaeus, Cerhera thevetia 
Linnaeus, Calotropis procera R. Brown, aconite, cliopped hair, and 
snake-venom have been used. The list of Ceylon plants poisonous 
to man and cattle will be given below. It is imj)ortant to remember 
that rinderj^est and dysentery resemble arsenical poisoning, while 
poisoning with mix vomica mav reseml)l(‘ tetanus. 



lUG. i^. ~-Abrits prccatovius Linn/ecijs. 

Grey says that Lesser iia annularis, the Cneuta ot the Karroo 
of South Africa, produces cerebro-spinal paralysis in sheep and 
goats, like Gastro-obium, the ])oison-i)ea of Australia. Only Abrus 
precatorius need be discussed here. 

Abrus precatorius Linmeus. — -The juice of this plant, which 
belongs to the Leguminosie, is most irritating, and if injected 
under the skin of cattle proves rapidly fatal, by producing general 
depression, drowsiness, fall of temperature, and haemorrhagic 
lesions somewhat like those of snake-venom. 
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The decorticated seeds arc made into a paste, which is worked 
into sharp-i)ointcKl litile n(‘(‘dles, and hardened in the sun. Two 
of tlu^se an‘ iiis(‘rt('([ ])y tlu^ir bases into n. wooden handle, and 
1 ]i(!n (Irivcm with go'at forc(‘ into tlu^ aiiiinal’s flesh. 

The active princii)l(‘ is a.brin, ii tox-allniniin resembling snake- 
vcaiom, wliich causes tliromlK)sis and death in Ironi eighteen to 
twenty-four hours. 

()riii//ioi;l()ssiini '^/auciini Salisbury, iS()().- I'his ])la,nt is tlie cause 
of accidental cattl<' ])oisoning in Soutli Africa. 

Much has l)('(‘n written of lati^ years with regard to stock j)oisoning 
in Australia and (‘Ise.wheiaa but it is ratlua' outside tlu' work of 
this l)()ok' lo deal Jiirther w'ith this matt(‘r. to which we gi\’e refer- 
c'.ncas at th(' end ol this chaptiac \\\\ howt^ver, givt^ a. list, which 
W(i owe to the kmdiu'ss of Mr. Dric'berg, of (hA'Ion ])lants known 
t(>> be i)oisonons to ca,ttk‘ ; 

I. A iiiiiKOund Ixnci I. }'({ Linineus. 

.1 iKunirid piOin ulalu (.1. cocculiis) W'ighl aiul Arnott. 

;. .\ns(riiid citrval iini 'VlwwwtiS. 

). ( '/nusdipJidrd A. dir iussicii. 

( 'n>/(Ui liA/i mil Idniiaais. 

(). Diosjivros /nmiliOid l\o,\burgli. 
y. lUdili'iiArmi ii^laucmn I’ersoon. 

S. I', It [^Jioyhid linicalli Idimaais. 

(). I' xcdcaria (V^allinha Linnaiis. 

10. Diilnni fdshu^sa Linnaais. 

11. Ldiit’Jun'id vul<^<iris Serines'. 

ij. Ldsio ifAioii i'rioyi’fAidli/s Di'caisiii'. 

1 ;. Jjihclid iiicolid iid'liflid 
i,(. Mdiii/io/ itliiissinid Pohh 
13. Ddsl^dliini sd'dhii itldimn Liuna‘ii:> 
iO. Dl imibid^d zcvld nicd Idnna'iis. 

17 . Rdiiu'olfid Si’r/>di/iiid iHaitham. 
iN. Rliikiihidhirdii arborcmn Sinitli. 

H). Riniiip cdininitnis kinna'us. 

^ JO. Sdfsmn iiisij^iic 'i'riinen. 

Ji. TylojAiovd fdscicitldid Ihich-ilam 
jj. 117///^//^/ soil mi fil'd Dunald. 

RAT POISONING. 

this is gtaaa'alh ( anard out 1)V means ot vellow jiliosphorus 
or arscmic. 

riu' phosphorus is mixcsl wilh glucose to ])re\'ent spoiitaiieoiis 
combustion, and tluai much* inti' ;i [>ast(‘ watli a fatt\’ ha.se such as 
lard; but it is ad\isahU‘ to varw from time to time, the att}'^ base, 
as rats are v(‘ry knowing and begin to sns])ect that something is 
wrong. 

'the poison is then s]n'cad on bu'ad or made into bread pills, 
but it is often advised that ])eo])le who do this should have their 
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hands smeared with an ointment containing oil ot aniseed, with 
which all utensils used for tlie poison should also be smeared. 

Arsenic is often ])referabl{‘ to pliosphorus, whicli is difficult to 
obtain and dangerous to work with. It sliould be treated in the 
same way as ]:)hosphorus, but it is as well to find the minimal 
lethal dose for the local rat bc'forc' coimnenciug ra.t ])()isoniTig on 
a large scale, and also to b(‘ ready with an antidote in case any 
person indulges in a dose. 

Many rat poisons an^ known to iiativi'S, ('S])ecia]l\' Tylol^hora 
fasciculaia Ihich-lhuu (Ascl(‘]>iad(\a‘), Chaillctia loxicaria Don 
(Dichapctalac('a^), both of wlii<‘li juv used in Africa, and Dianella 
nemorosa Tdimaais (Liliacere) in Malacca. 

LOCUST POISONING. 

Arsenic has been used witli sncc(‘ss by ^Tr. King, (ioxernnient 
(entomologist in tlu' Sudan, and otlua's as a ])oison for killing locusts 
in the ‘ lH)])p('r stages’ arseeiiic is pr(‘})ared in coucuaitratc^d 

form in treeiche and is diluted locally, into th(^ solution so made' 
che)]')ped fodder is ])lace‘d, and, aftea' soajyiig, is sj)r(‘a,d out for the' 
ho])])ers to eeat in eU'Scrl ])arts. S])raying has also be'eai used in 
cultivat(_Hl areas. Mustard and the usual iron antidote an handy 
in case anyone' takes a dose of the' poison. 


POISONING OF BIRDS. 

.Attem])ts lia.\a‘ Ix'e'U made' from time' to time^ to dimiiiish the* 
s])arrow ])e'St in cult ix’ate'di are'as by ])oisons r.g., st r\ clmiiU' — 
but with doubtful siicce'SS. 

Palicoiu'Cd fiiarci^rdvii ( Rithicuwc) St. Hilaire is said to l)e‘ used 
for poisoning [)ige'ons. 

TRADE POISONING. 

Idle' trade V)oisouiugs are more fully dealt with in tlu' chapter 
on I )cn}iafilis voiciiaUi, but we unu' me'iil ioii the' following lie'ree- 

Vanilla Poisoning. 

VaniUisnius is ])ois()ning by the drDd fruit of ]^(i)iiUa j^Iani folia 
(Andre'ws), ndiicli cause's colic, vomiting, and ])aiiis in the' iiead 
and mnsek's. Men we)rking v/ith it may suffer from conjunct iyitis, 
tits of sneezing, and a skin e'ruption cadleel vanilla itch, charac- 
terize'd fry sw('lling, followed, in a. few days b\' scaling, d liere is, 
howe'\a'r, great doubt as to what is the' re'al cause' of tlu'Se syiujrtoms. 
Probably some of them an* due' to a mite' in the \aa,nilla. 

Lacquer Poisoning. 

Laceiuer is olrtamed from a. brown treacle-like balsam, which 
exudes whe'ii incisions are' made into the lacquer-tree', Rhus verni- 
eifera De Candeille. 
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The disease is acquired in two ways: cither by direct contact 
with the Jacqucr, or through the fumes arising from it by evapora- 
tion, but only as long as the lacquer is not dry, tor the poison, 

whatever it is, disapjx^ars on drying. 

The syniptonis, wliicli develo]) in a iew hours, are level , witli 
tension and (I'diana <>f Uk- skin of flic face, limbs, and generative 
organs, nasal and conjunefixad catarrh, while a papular eruption 
appears on the cedtanalons skin of the legs and forc'arms. 

Th(.^ tnatnxad consists in washing the skin thoroughly with 
soap and watia*, and apjilying soothing applications, such as cold 
lotions, or J. olio Plifjnhi suhacclatis. 

As jirophylaxis tla^ Chinese rub the hands and face witli rape- 
st'ed oil in wbicli a ham has beiai lioiled, and wc'ar a linen mask 
for the face and a leather apron for the body. After work the' 
t'xposcd parts are rulibed with a d(‘coction of chestnut, pine-bark, 
saltjietn'. and amaranth. 

The above prcicautions are takim in China, but in Japan no 
such pro])hylaxis exists. 

Notf..- Ca.mc'l poisoiiiiii^ c.'i,iis(m 1 by tin- liydrocv.uiie acid ('(aitainetl in 
iiiimutiirc' dura is -well biiown in llu‘ Su<la,n. 
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— Post-moi tern decomjiosition --Vegetal food ])oisoning— Lathyrismiis — 
Loliismus — I ’asjialismiis — Atrijilicismus - - 1 abisnuns — J 'agopyrismns — 
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PRELIMINARY. 

Food poisoning, leclinically called bromatoxismiis, may be divided 
into two classes:- - 

1. Animlal food poisoning. 

2. Vegetal food poisoning. 

I. ANIMAL FOOD POISONING. 

Animal food poisoning is called zootropliotoxismiis, and may be 
due to — 

[a] Products normally present in certain animals, but poisonous 
to man. 

{h) T\)isonous food having been eaten by an animal prior to 
its being killed for food. 

(c) Tdroducts abnormally produced in the li\’ing animal. 

{d) Post-mortem decomposition. 

But of these we need only concern ourselves with the first and 
the last. 

Products Normally Present.— Poisoning by })roducts normally 
present in the animal is called ‘ siguateru,’ and is geina'all}^ diu' 
to fish, though it may also be caused by Molluscs, Crustaceans, 
and Coelenterates. 

The most dangeious lish are those living among coral reefs, and 
■|)articulaiiy those which are bright-coloured. It is xxissible that 
the poisonous properties may be due not so much to the hsh itself 
as to the fact that it has eaten decomixising food, such as dead 
medusa:, corals, etc. 

Fretz and Branch have noted lish poisoning in 1915 in St. 
Christopher and Nevis, and think that it is due to the Barraconda 
{Sphyru'na), while McNaughton rc“i)orts similar iioisoning from the 
Gilbert and Fllice Islands. 

Certain species of the genus Clupea (Cuvier), particularly C. thrissa 
(Osbeck) are noted as being very poisonous, but there is con- 
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siderable doubt about this matter, as no scieiithic work has been 
done on tin', subject. 'I'lic^symptoms are gastro-intestmal irrita 
tion, which i nay lead to collapse and death. Another hsh which 
is only poisonous at certain seasons is a so-called sardine Llupea 



J’K.. Kj . — dttpea loiigicrps {Sardiiii'llu 'iieohoivii). 


l(m<dice'ps {Sardiiicllu ncoliimni \'a1), iound off the coasts of Ceylon, 
and wliicli, accoi'ding to "fennc'nt. caused much sickness years ago. 

Otlier ])oisc)]ious lish arc* Tclrndon hispid us, the ‘ muki-muki or 
dca.tlni]s]i of Hawaii, and the lil<* fishes, ol wliich Sic phanolc psis 



If).- -'/'(.'lyodoii Vi’yunculdfis Stanaaii' i.. 

(I'loiii S.LVt sclicnko’s ‘Allas ol lAusonoii^ 

Jtispidiis L. iiia\’ \,r jiit'ul iolied as an example. Poisnniu^' with 
'letrodoii has. howaxcr. heeii more accurately studied, airl may 
lie reierivd to at greater length under the term ihigmsmus. 

Fuguismus. 

'I'he Jai)<uiesc‘ tc'i'm ‘ lugu ’ includes sc\airal s[)ecies of fisli belmig- 
iiig to the genus K'H-uiOu, oi which the imiiortant spc^cies are 
1\ vermicular IS, f. rubripcs, J\ Ucvipalus, f. chrvsops, 7'. rivu/ulus, 
T. luuaris, T. purdahs, T. purphyreus, T. poicclouolus, I\ sicllaliis, 
and T. sticonoiHs, which are said by Sclieube to be olten used for 
suicidal pur])oses. T. peunantii has also been found to be the 
cause of ])oisoning in a case in Burmah. 

The poison appears to lie in the ovaries and testicles, which, 
according to Tabara, contain -i. Tetrodin — a crystalline base; 
2. Tetrodonic acid — a white, waxy body. Both are poisonous, but 
the acid is said to be more so than the base. 

The symptoms, which begin in three to fifteen minutes after 
eating one roe, are, according to Scheube, an unpleasant sensation 
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in the stomach, abdominal pains, burning in the fauces, nausea, 
severe headache, collapse, and fainting. Death may occur in a few 
hours from paralysis of the heart or respirations. The mortality is 
high, being said to be more than 68 per cent. 

The treatment is to empty the stomach with an emetic and to 
give stimulants, especially hypodermics of stryclinine. 

Post-Mortem Decomposition. 

Post-mortem changes are much more rapid in the tropics than in 
the Temperate Zone, and, therejore, food is quickly apt to become 
poisonous. Meat is especially liable to become infected with 
saprophytic or pathogenic micro-organisms, especially para- 

typhosus 13 (Schotmuller) and the bacillus of Gaertner, more rarely 
B. paratyphosus A (Schotmuller). These micro-organisms give rise 
to ptomaines, which cause symptoms of irritant poisoning (kreo- 
toxismus), which may be so severe as to resemble those of cholera. 
The treatment is to remove the poison by emetics if necessary and 
purgatives, in the meanwhile keeping up the heart’s action by 
means of warm axq^bcations, stimulants, and cardiac tonics. When 
colleipse sets in, saline hypodermic injections should be given. As 
soon as the acute symptoms subside, the bowel should be disinfected 
with small doses of calomel, salol, or naphthol. 

2 VEGETAL FOOD POISONING. 

Sitotoxismus, or vegetal food poisoning, is caused by jiiany kinds 
of vegetal food, and ought to be well known, but, unfortunately, is 
by no means on a. scientilic basis in the tropics. 

Ergotism, well known in the temperate regions, is not ijiiportaiit 
in the tropics; but, on the other hand, there is lathyrism, believed 
to b(‘ due to J.athyrus sativus, and other species of the sam(‘ genus - 
loliismus, due to Lolium tcmiilcntum ; and paspalismus, due to 
Paspalum scrobicidatuin— \vhich arc known to occur in India. Less 
known is atriplicismus, which is describt^d in China. 

Kirke has drawn attention to poisoning by Cyslisus cadjan, by 
which h(^ probai)ly means DoHchus caljana (Linuc), named Vigna 
caljang (Walp) by Dragendorff, and also by DoHchos fUosa (Klein), 
which is the same as Vigna filosa (Sa\h), both of which are used as 
foods. With regard to the former, the native name of which is urhur 
or toar, he says it mainly affects the poorer classes, as they do not 
remove the outer skin before eating it. The symptoms in the order 
of appearance are as follows:- — Urticaria, sense of heat in the 
stomach, redness of thti lining membrane of the mouth, apparent 
elongation of the teeth (by this must be meant shrinking of the 
gums), discoloration, bronzing of the skin, sponginess of the nails, 
burning of the hands and feet, a dry, harsh, cracked condition of 
the cuticle of the hands and feet, and deep longitudinal cracks in 
the heels. Rheumatic pains, with thickening of the periosteum, 
especially of the shins, and changes in the joints are also noticed. 
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Doltchos filos^. calJed ‘oordh dal/ is said by Kfe 
only if eaten witli tlic husks, wlicn it causes colic, indigestion, and 
as secondary results rheumatic jiains, harshness and dryness ol the 
skin, witli cracks, li is said to be a staple article of loud among 
all classes, except the iiighcst and the lowest. 


Lathyrismus. 

Synonyms. Pla tterbsenkrankheit (Ger.) ; Meurd Djilben (Algeria) ; 
Latirismo (It.). 

Definition.- Lathyrismus is an intoxication caused by the inges- 
tion of J.alhvrits sativus Limiceus and other species of the same 
g(‘niis, and characterized by symptoms of spastic jiaraplegia. 

History. It is biLexed that Hijipocrafes was acquainted witli 
th(i discasi', bi^causi^ he mentions that pi'Ojile at Ainos wlio fed con- 
tinually lai iiiilse suffered from weakness in the legs. In i(>7i the 
Grand-l )uke of Whirtemberg issued an edict forbidding the eating of 
bn^id made from \adch-seeds, as it had been noticed that thosc^ 
who at(^ sucli bn'ad suffered from a. ]H^culiar stiffness of their legs, 
alihough t]ie\’ seldom dk‘d. In 1784 an epidemic was recorded in 
Tuscany, wluai, through scarcity of food, the iieojile were compelled 
to eat chick-peas. I'ozzetti, while studying this epidemic, came 
to the conclusion that only th(‘ iieojile wlio had for at least three 
months eaten Imead made of two yiarts chick-])ea to one part of rye 
or whi'at Ixicame ill. Lb; then ])lant(‘d some of the chick-pea s(‘eds, 
and, when tlK'V grew uj), idc^ntilied them as Lailiyrus sativus (L.). 
In 1824 Di-.pa lanches caim‘ to the (amelusion that the seat of the 
lesion was in tha lumbar cord. In 1844 the disecLse was first 
n^cognized in India in tlu' Sangor tc^rritork^s, where, on account of 
three successiN'c- lauiincs in i82()-4i. the people were compelled to 
(‘at \ etch(‘s, which a.r(‘ called kesari dal, or teori. (hitbreaks teok 
])lace in Sind, ( hot a Magjiur, tlu‘ ( eiitral LroN'inces, and in the 
Himalayas, it apjiarently became \’(‘ry ])re\adent, for ir\ ing says 
that in one district (> ])er cent., and in another 4*19 per cent., of 
the inhabitants wer(‘ aJTectiwL It still exists in India. 

Climatology, ddu^ disease de])ends ujxui social ratlun' than 
climatic conditions, lor i)eople will not eat the Netches unk^ss com- 
pelled by famine. It is known in India, Algiers, Italy, and h' ranee. 

etiology. Tluna* ap]»ears to he a consensus of opinion that tlu' 
disease is due to eating bread composed largtdy of Hour o’otaiiied 
from seeds of some species of Lathyrus belonging to the natural 
order Leguminosie. The siiecies most commonly suspected is 
Lathyrus sativus Linne, which grows in India; but L. ciccra L. (red 
vetch), L. clymcniun L. (Spanish \^etch), L. iuherosus, and L, aphaca 
have all been regarded as possible causes. It is, howexer, by no 
means (wddeiit what substanc(‘ or substances in these plants cause 
the symiploms. Teilleux obtainctl a resin which caus(‘d tetanic 
spasms and paralysis of the posterior limbs in rabbits. Bourlier 
obtained an extract which killed birds and frogs. Asher obtained 
from L. cicera a volatile alkaloid, which he called lathyrin, which 
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was doughy in consistence, alkaline, insoluble in water, slightly 
soluble in ether, soluble in chloroform, and which on evaporation 
formed needles; but he did not perform any experiments with 
the substance, the action of which is therefore unknown. It is 
believed by some that Lathyriis is not i)oisonous unless the seeds 
are decomposed or contain some; parasitic growth, while others 
hold that the symptoms are not due to Lathyrus at all, but to 
Agrostemma githago (the corn-cockle) or Lolium temulentmn (the 
darnel). In 1883 Astier separated out an alkaloid, lathyrin, which 
Stockman in 1917 showi^d to Ik the poisonous principle, which is 
present in only small amount and only in the seed itself. 

Animals are by no means immune from the baneful effects of the 
plants, for ducks become paralyzcul and may die after eating the 
seeds; while pigs and horses also suffer, the latter showing acute or 
chronic symx'>toms which are said more or less to correspond to 
lathyrismus. On the other hand, bullocks and l)uffaloes are con- 
sidered to be immune. 

The great predisix)sing cause in man is scarcity of food, whether 
due to famine or poverty, both of which compc'l the unfortunate 
])eopl(^ to eat vetches instead of ordinary food. If the disease is 
brought al)0ut by famine, it may assume epidemic proportions; if 
l)y poverty, it may be simply endtunic. Young peoi)le are moni 
liable to be poisoned than old x)crsons, and men more than women, 
perhaps because they eat morc‘ food. 

Morbid Anatomy.- ^rhe pathology and morbid anatomy need 
inva^stigation. When this is done, it is i)robable that some lesion of the 
pyramidal tracts- -/.c.. of the upper motor neurones -will be found. 

Symptomatology. -I'lie incubation period is not known, and the 
disease comes on so insidiously that the patient often attributes it 
to a chill which he may have experienced a day or so previously. 

Prodromata are often said to lie absent, though it is more prob- 
able that digestive disturbances, colicky ])ains, and diarrhcea do 
occur, but pass uunotic(‘d. 

One of the lirst symptoms to arise is pain in the back and weak- 
ness in th(‘ legs, which increase until symptoms of spastic paraplegia 
appear. 'Flie patient now com])lrdns of girdle sensations, and walks 
with difficulty. The gait is characteristic, for the feet are turned 
slightly inwards, and are dragged or raised with difficulty from the 
ground. Th(‘ joints appear so weak that it is difficult to proceed 
any distance without falling, while the body has a peculiar up and 
down motion. There is no ataxy, and no \aisomotor phenomena, 
but the legs waste very much. The arms are not. as a rule, in- 
voh^ed, though the hands may tremble. The superbcial and deep 
reflexes arc increased, and ankle clonus is present. The electrical 
excitability of the affected muscles is diminished, but the reaction 
of degeneration is absent. Incontinence of urine and impotence 
are early and common symptoms. The mind is unaffected. 

The disease does not itself end fatally, but a definite improve- 
ment is seldom seen except in incipient cases. 
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Diagnosis. — Lathyrism must be distinguished from ergotisrn by 
the absence of gangrene, from beri-beri by the absence of implica- 
tion of the peripheral nerves and the heart, and the absence ot 
dropsy. 

Prognosis. — The disease itself is not fatal. , 

Treatment, — Mild cases may be considerably benehted by being 
given good food and warm clothing, together with counter-irrita- 
tion to the spine, and bromide of potassium internally in 15-grain 
doses three times a day. Strychnine is harmful. 

Prophylaxis.— The only possible prophylaxis is the distribution 
of good food to the poor in times of famine. 

Loliismus. 

i.oliismus is nn intoxication caused by tlu' ingest ion of the sec'ds 
01 LoHuui icmulcninm Idnnaais in bn^ad. 

History, Loliismus bus Jmvu known since Rounin times, and is 
said h} (h'/i/a to ]iav(^ occurrt^d in (ienoa during tlie blockade of 
t}j(" year i(So(>. Kingsley of Jvoscrea, dcscril)ed an outbreak in 
r<S'5.|. in which ihirtv jicnsons suffered severely. vSimilar cases 
Iia\a' b('(;u r(‘]u>id('d in India, from the Punjaub, where the herb 
is ealled ‘ most.aki.’ and from the North-W(‘st ITovinces, where it is 
ralh'd ‘ mosehni.’ 

iEtioIogy.- Th(‘ (e<act method ])y which Lolium icmulentnm 
causes disc‘as(‘ is not known. Dr. Cordier experimented on himself 
l>y taking o draeliuis of the seeds early one morning, and asserts 
that tlic result was inalulity to think, indistinct vision, torpor, 
debility, and drowsiness, followed by efforts to vomit, and later by 
tnmioi's of tli(‘ limbs, gnvat depression, difficulty of speech, and 
vomiting. Itlcy^ separated a, bitter principle, which lie called loliin, 
l)ut the action of this docs not apipear to liave lieen investigated 
])ropeiiy. Freeman states that the seeds owe their ])oisonous pro 
jMU'ties to an associated symbiotic fungus, wliich lie caiadullv 
describes, and says that it is imobably identical with tlial found 
in other s])(‘cit‘s ol J.olium. JTe says that it is a disjuited point 
how far ergot and otlao' lungi may b(‘ conecaoK^d in the production 
of tlie diseases 

Climatology.— It occurs in the Punjaub and the Nortli-West 
Provinces of India, and in ITirope. 

Pathology and Morbid Anatomy. Not known. 

Symptomatology.- -The affecte^d persons become very gidd\’, and 
stagger about as though drunk, and at the samt^ time suher from 
violent tremblings in tlie arms, legs, and tongue, impairment of 
vision with dilated jiupils, green vision, great prostration, and in 
some cases vomiting. Sometimes there is a sense of burning heat 
in the mouth and throat, and a small irregular pulse. 

Diagnosis. — The diagnosis may be (effected by considering the 
symptoms and examining tht‘ bread, when the starch granules of 
Lolium may be seen. 

Prognosis. — The disease does not end fatally. 
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Treatment, — Castor oil must be given to remove the poison, and at 
the s;une time stimulants must be used to counteract the collapse. 

Prophylaxis. — Brea« :;should not be made with the seeds of Lolium 
temuli'ntum. 

Paspalismus. 

Paspalismus is an ritoxication caused by eating bread made from 
floui derived in pa t from the seeds of Paspalum scrohiculaUim 
Lin na'es. 



rac. li'i.—Paspaliiin scrolnciilainni Linn/ecs. 
Seeds show separately at the top of the illustration. 


History. — Poisoning by Paspalum scrohiculafum occurs in India, 
where it was reported as far back as 1879, and probably was known 
earlier. 

etiology.- -‘Some authorities doubt the nuineness of this 
disease, for, as Waddell points out, the symptoms are so like 
loliismus that it is quite possible that some mistake may be made 
as to the causation. 
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Two varieties of Paspalum scrohiculatnm are known in India — 
viz., the sweet, wliich is called ' pccliadi,’ or ‘ goraharik,’ and is said 
to be wholesonKS and the bitter, which is called ‘ dhome, inajara 
harik ’ or ' nijina kodra,' and is considc'r(‘d to be ])oisonous. The 
X)oison a,])p(‘a.rs to re.skh^ for the most part in the testa, but the 
(‘xact poisonous i)rinci])k^ is not known. Barry points out that 
the S('ed is liable to th(‘ attacks of fungi, and that perhaps the 
])oisoning is rtsally due to these ])arasites. It is ch'ar that the 
whole subject recjuins revision. 

Symptomatology. Th(> sym])toins are w^rtigo, impairment of 
vision, a])])ar(‘nt intoxication, muscular tremors, feeble x'^i^dse, cold 
cla mmy skin, dys])liagia. delirium, narcosis, (‘uding at times in death. 

Diagnosis, rids must lx* mainly from ])oisoning due to Lolium, 
whiedi can only Ix' doiu^ by making iinjniries as to the seuals from 
which thc^ Hour is ])r('])ar(Hl. 

Prognosis. This aj^pe'ars to Ix^ on tlie wholc^ good, though fatal 
case's ha\’(‘ he't'ii re‘Ce)rd(Ml. 

Treatment. Simihir to loliismus. 

Prophylaxis.- A\'oid the seeds ol the grass in making flour. 

Atriplicismus. 

Atri])licismiis (Matignon, 1898) is an intoxicatiem said to be caused 
l)y the' ingest ie)n ol ce'i'tain s])ecies of Atri])k'X (Linmeus), esx)ecially 
Airiplcx liiioralis T. and A. anfiiiisfissima vcl serraia. 

History.- Atriplicismus was lirst ek'sendbeel by Matignon in North 
( himi (Be'kin) h\ rS(),S, but lie' knaves the sulpe'ct 0])en te) some doubt. 

Climatology. 1 Ik* elise^ase* is. as far as is known, ce)nlmeMl to China. 

.ffitiology.- In some' way the* dise*ase is coniiecU'el witli Airiplcx 
serraia (( luniox)e)diace*a'), which greiws as a. wee'd in the courts, 
gareleiis, aiiel along the* walls of the hemses of Be'kin, and is eaten 
hy ve*ry ])e)e)r ]ie*e)])le‘ e'ither nncexike'd or as a xiancakc. 

It is said ne*\'e*r te) In* ])e)ise)nous it we*ll washe*d, and if the red 
k*a\'es are x^icke*el out. But Matignon drew attention lo the fact 
that a small insect e)f a greenish-yellow cokmr is found on the plant. 
It is ])e)ssible‘ that tlie ctise'asc* may be due* te) tJiis insect, because 
Megnin le)unel that H oh)iJiyrus coccuiclla (ic*r\'ais, a mite lound in 
Mauritius anel the Malay Archipelago, causes severe inflammation of 
the* part teniedieel. lids insi'ct may be carried by the hand to the 
me)uth. ka\’e'raii thinks that thep(M)])k* ge‘t the thuiiib and fe)re*fl]iger 
mtecte*d whik plucking the* he'rb, and that it is t)y the hand that the 
elisease is carried to the me)uth. The retiology is, therefore, extremely 
eloubttui, and it may be* e'ither an animal or a vegetal i>e)isoning. 

I he* ])re'elis])e)sing cause is scarcity of foe)d, which compeds the 
pooiei classes to use some siilistitute for the usual cereals. Hence 
in Pekin in t8c) 5, while the Jaxianese War was jiroceexling, there 
wcie a number of cases among beggars. Women suffer more than 
men, and the young and the old are specially attacked. 

Morbid Anatomy. — ^The pathology and morbid anatomy are quite 
unknown. 
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Symptomatology. — The disease begins suddenly witliout prodro- 
mata, some ten to twenty hours after tlie plant has been eaten. 
Tile tips of the lingers and the liack of liie hands begin to itch, 
tiiough sometimes tlie irritation may be at lirst limited to the thumb 
and forefinger, d'he affected ])arts soon become iiaintul, swollen, 
cyanosed, and cold, while the ])ain and swelling spreads up the 
hands on to the forearms. Th(i face and eyelids itch, and in due 
course become swollen, and the nose liecoines cyanosed and cold. 
Sensibility to touch is diminished in the afh'cted parts, but much 
increased to heat and to the sun’s rays. Ihilla; and ulcc^rs may 
ajipear on the affected jiarts, tlu* latter often givdng rise' to keloid 
scars. Tlierc is consideu’able itchinj:^:. Ecchymoses may appear in 
various ])arts of the body, (langrene^ of tlie fingers may also occur. 
The geiK^ral health of the ])a.ti(‘nt is not much aitc'cted. 

Diagnosis.- Atriplicismus may require to lu* diagnosed from 
Ivaynaud’s diseases and erytliromelalgia, but there should bi^ no 
difficulty, because in the former theix^ is no (cdeana, and in the 
latter there is redness as we'll as eeeleana. 

Treatment. —The treatment is symptomatic, and e:onsists in 
a,])])lying anodynes and cede! ce)m])resses locally, anel givdng jnirga- 
tives and disinfectants, such as salol, internally, (iood food and 
goe)d hygiene are also re'quisite. 

Prophylaxis.- Tlu' aetiology must be' settled betea'e delinite rules 
for pro]:)liylaxis can be gi\’en. 

Fabismus. 

Synonyms. — ^Ea,vism, II Favismo, Bnlmenkrankeit. 

Definition. -Fabismus is a elisease attributed to the eating of 
fresh beans ( Vida fab a) or to the se:ent of the flowers theireof when 
in blossom. 

Historical.^ — It has be'e'u kne)wn for many ye'ars in Sarelinia, anel 
has been care'tiilly studie'el by Fermi in i()05, and then by Ib'e)ngia 
in 1907, tollowe'el by Zoja in 1914, and Gasparrini in 

iEtiology.- -The actual cause is unknown, but it is associated 
with the periexl e)f the' yenr whe'n the bean is ripening. It seems 
te) appear only in ce'rtain families, and there' is a, pen'sonal ielio- 
syncrasy, and no immunity is confirmed by an attack in sus- 
ceptible persejns, wlio may have repeateal seizures. It occurs in 
Sardinia, and it is suggested that it may be lounel in e)ther Mediter- 
ranean cenuitries. 

Symptomatology. — Within a few hours of eating the beans or 
of being e'xi)e)sed te> the scent of the tlowe'rs an acute febrile attack 
associated with marke'el blood elestructie)n se'ts in. 'fhe red cells 
fall to 2,000,000 per cubic millimetre, and the ha'inoglobin to 
20 per cent., and icterus sets in, with liver tenderness, but no 
enlargement of that organ or of th('. spleen. Bile may be vomited 
and passed in the motions, while haemoglobin, urobilin, and indican 
are found in the urine. Children die in a few days, but adults 
recover quickly. 
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Diagnosis.- Tliis is made by notini^ the period of the year and 
by trac nij: the hist or v ol thc‘ in^^estion of beans or tlici sinollini^ ot 
the flowers, and also i)v tlic' family and 5:^eo£,Taphical incidence. 

From malaria it is (iiaenosi'd ])y the absences of the pai'asites and 
the n(^ga.ti\’e n^act ion as rc^aajds com])Iement deviation witli malarial 
antiien. 

Idom cjiiinine hamioglo])imiria it may be recognized by tlie absence 
of a history of tlie drug being taken. 

Treatment. A])pareiitly llien^ is litth^ known under tins heading, 
whicli obviously calls lor the administration of calcium salts (sec‘ 
('ha])ter Xl.k, [). 

Prophylaxis.- Axoid (‘ating raw or cooked fresh beans in Sardinia, 
and aA'oKi 1li<‘ sciail oi tlu' flowers. As th(‘ atta.cks rcnnir it would 
be inKa'r^tine it som(‘oue would try the administration ol calcium 
salts t(r snsc(‘pt ibh/ ]>(‘0])le living in Sardinia during tlu^ dangerous 
})('rio(l (H tho V(‘ar. 

Fagopyrismus. 

W'Jiiti^ animals (od n]>on buckwheat and (‘xposed to the sun 
d(A (‘lo]) (‘rythiMuat oils hsions of tlj(‘ skin and muA’OUS sym]^toms. 
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CHAPTER XIV 


VENOMOUS ANIMALS: PROTOZOA TO 
ARTHROPOD A 


Protozoa — Ccvlenterata — Tu binodcrmata — Platyliclniia- - Ncmallu-lininthes — 
Arlliropoda — Araclniida — - Scorpionidea — Arancn A( ariivi — (ddlopoda 
— I]exai)oda — Anoplcura — Hcmiptera — H yiiKTioptera — Lcjadopiera, 
- -Dipl era — Coleoptera — Mollusra — IvdcreTu es. 


VENOMOUS ANIMALS. 

Many species belonging to the various classiis and ordc'rs of the 
animal kingdom ])0ss(ss glands which secrete chemical substances 
injurious to man and tlie liigher animals. exact nature of 

these chemical substances is but little understood at present, 
though of late; yc<ars much advance lias been mad(^ in the knowledge 
of their action, which seems to be of a nature similar to tliai ol 
bacterial toxins. 

It will be best to consider these veaiomoiis animals i the order 
of their zoological classification. 

PJ^OTOZOA. 

Roseiiau and his collaborators have succe^eded in produc- 
ing a malarial paroxysm in a healthy man by injecting blood- 
serum taken from a malarial patient cluring the cold stage of the 
fever, and previously filtered through a. Pasteur-Phamberland 
filter. Casagrandi and De l^lasi have also described a luemo- 
lytic toxin, conct'rning which more will b(‘ said when malaria 
is discussed. 

Laveran and Mesnil liave^ shown that SarcocysHs icnclla produces 
a toxin, sarcocystin, of which o-i milligramme will kill i kilogramme 
of rabbit wdtli choleraic svmptoms, while a. less dose will produce 
fatal cachexia. It is, however, less toxic to other animals. 

c(p:lenterata. 

The Coelenterata include anemones, corals, and jelly-fishes, which 
are capable of stinging by means of certain special cells called cnido- 
blasts, which enclose nematocysts — little sacs — the invaginated 
neck of which is continued into a long, hollow, spirally coiled hla- 
ment, surrounded with poisonous fluid. When stimulated, these 
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cysts explode, and the fllamenf is ejected and pieiccs the skin 

the animal attack(‘(l, ami so introduces the ])oi.son. , 

Zoantharia.- Si iugs from anemones ca,us(‘ itching and ])iirnmg ami 
skin crii])tions. In its \e'orst (orm tiiis is (‘xhihited in /u uioiUic U c os 
Ilf'S (poc/h' Ilf'S (/'('po flint's) of the Mc^dit(‘n'ane'an. Accoiding to 
Dr. Slnh'os Zereos, ilu^ lust sym])toms are itching and intense burn- 
ing in tli(t ]dac(i contact with the aiKunone has taken ])lace. 

A j)a,j)iile then apjx'ars. surrounded by an area wliich at iirst is 
1 (^( 1 , but may become blu(‘ and linally black, and may spread over 
tli(.‘ surrounding skin to a distance* jirojiortional to the virulence of 
the* poisoning. TIk* skin sloughs, and l(*a\as a. suppurating ulcer. 
Dr. Z('r\os h<as ]U'oduc(.*d the* syin]doins of this disease in a dog 
bv rubbing an actinia, li(*ld in forc(*ps, along its abdomen. 

('. J\i(hi('t has s(‘])arat(*d two ]^oisone)us ])rinci])les from Anemone 
seiill(!lii\ thalassin and congest iiu*. Tlialassin is not veuy 

toxic,, ]M'oe lacing cutanc'ous re*dn(*ss, intense* congestion of mucous 
nKmibram*,.. ])ruritus, and sma^/ing. ('ongi'stine* is much more vini- 
hmt tliaii thalassin, for a dose* e)f j milligrammes per kilogramme* 
vail kill a elng in tweaity-fe>ur liemrs. d'halassin is, howevxT, antago- 
nistie; to e:e)iig(*stiiie‘, tor a, ele)g inocLilate*el witli the former will resist 
an olhe*rwise* mortal ele)se* e)f the* latte*!'. 

'I'hei a])]dicatie)n of fat to the* skin is saiel to be a. preventative to 
the* ^'(^nome)us actiem e)f the anemone*. 

Millepora, Je)ne‘S has ele*scribe*el an aeaite* erythema,, with seve*re‘ 
])ain, fe)lie')we‘ei by jiapules, i)ustule*s. anel dese]uamation, as tlie 
result e)l stings by the liydroiels of the* hvelrocewalline milk*])ore*s 
(Mil/epori! aleit t^yois, M. coffiplamila, and .1/. verrucosa) in Malaya, 
wlie're* tlie' ce)rals are* kne)wii as ‘ Karang gatal,’ or itcliy corals. 

Trachymedusae.- dbe je*lly-lishe*s e^f Iiureepean wat(*rs, such as 
Khizosloffia piilini of the* Me*elite'rrane*an anel /v. citvieri e>f the 
Ihiglish Chaniie*!, are we *11 known te) cause le)ca,l re*dne*ss, sv/ calling, 
and urticarial eru]>tie)ns. 

I he* i(‘lly-iishe*s o( the* tre)pics ])roehice* the same svm])loms, but 
with ! re*ate*r se*verity. The* ])ain is agonizing, anel +here* is collapse, 
with loe'.al swt*lliny anel re*elne*ss. 

'I'he* tre*atnK*ut is te> giex* stimulants inte*niall\a and to a,])]dy 
alkalis, such as dilute annnonia.. to the affecteel area. Usually 
r('e'()\e*ry is ejuick, anel the're* are* no a ftcr-effe*cts. 

]\le*ye'r de;scribe*s a eaise* of ])oise)ning due* to the^ wehl-kne)wn 
Pliysaha pelai^ica (tin* Ih >rt iigne*se man-of-war), in which there* was 
se\a*re‘ inllammatie)n and fe*\ e‘r. A similar case caused by Cyunea 
ca pi I! ala has been re'ce)rde'el b\' Th.)rbe*s. 

Porte*!' and Riehet e)l)taine‘el a liquid fre)m Ihiysalia ce)nta.iiiing an 
active ])rincij)Ie*. hyjniotoxin, which, wlmn inje-ctevl into animals, 
cause*d setnine»lence* and linalU^ ehath, elm* te) ce-ssatiem of respiration. 
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KCHINODERMATA. 

IJic J'.chinoclermata possess poison glands which supply a venom to ( ertaiii 
modified spines, but this only atfecls small animals. 

rile Cuvierian organs of certain Polynesian species of the holothurians 
(allied to Holothuria argus) arc said to cause infiammatioTi of the skin, and, it 
any oi the secretion gets into the 03^0, even blindness. 

riie spines of the common sea urchin of the Red Sea are poisonous, causing 
painful wounds, which require a long time to heal. 


PJ.ATYHELMIA. 

Diholhnocephalns lafiis, wliicli .caust;s a })r(>f()und anaunia, is sus- 
pected to seci'ete some form of poison, and, indta'd, tliis tiieory is 
supported by certain experiments of Scliauminn and Tallquist. 
These ineestigators found that if the worms were subjected to 
tryptic digestion, and then mixed with food and givtm to dogs by 
the mouth, or extracted witli normal salt solution and inject(‘d 
hypodermically, an (exhaustion which ended in death was somte- 
times produced. In one case tluere was a great reduction of the 
red blood-corpuscles. Rabbits, however, were not affected. 

Tccnia saginata has been investigated l)y Messineo and (ddamida, 
who consider lliat they have found evidence of the presence of 
a poison which can be obtained by pulverizing the tamia with sand 
and extracting with normal saline solution. This extract was then 
filtered and injected into animals, but tlu^ sym])tonis were not 
characteristic. Picou and Ramond consuha* that tlu' (extracts they 
obtained showed a decided bactericidal action. 

On the other hand, the rupture of an eclenococcus cyst is well 
known to ])roduce sym])toms of ])o:soning, but the chemical nature 
of the ])oison is not known. The symptoms in man are urticaria, 
if th(‘ dose is small; peritonitis and sexau'e ca.rdiac symptoms, 
leacling to fatal collapse, if th(‘ dose is largcy lnj<'cted into animals, 
the liquid acts as a cardiac poison causing deatli l)y stoi)])age of 
the heart in diastole, together with xairious other sym])toim, such 
as a fall of the blood-pressure and temperature. 

NJiMATIIELMfNTHF.S. 

Ascaridcs produce a volatile body with a peculiar and disagreeable 
odour, very irritating to the mucous mcunbra.nes, es])ecially to the 
conjunctiva. This odour is most noticealde in making ])ost-mortems 
ui)on persons suffering sexawely from these worms. Arthus and 
Chanson have injected rabbits with the li(]uid squeezed out of living 
human ascaridcs, and produced collapse and death within ten 
minutes of a dose of 2 c.c. 

Cattaneo obtained a. substeince toxic to guinea-pigs by allowing 
ascaridcs to live in sterile broth. Cao, jammes, Mandoul, and 
Boycott, however, failed to obtain any evidence of the toxicity of 
ascaridcs. 

With regard to Ancylostoma duodenale, there has been much 
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discussion as to whether it produces a toxin or not. The experi- 
ments of Whipple and Preti secnn to (‘sta])libh the presence of a 
haimolytic princi])le in tlii‘ alimentary canal of the worm, and those 
of Loeb and Smith of a principle? inhibiting the coagulation of the 
blood and secreted by the cephalic glands, but these substances 
appear to be of importance to the worm for the ])urposes of digestion, 
and not to be of suhicient strength to act upon the host. According 
to yMessandrini, howex er, the cejdialic glands secrete a true toxin. 
The (.‘vidence which has been gat tiered together points also to the 
possibility of th(‘ toxicity of the ankylostoines being partly due to 
the absorption oi l)act(?ria or tlieir products into the circulation of 
the host through lesions in the intestinal mucoSeC caused by the 
bites of t}u‘ xvonns. 

API HROPODA. 

'riu‘ Phylum Arthropoda includes a number of ty])es, which are 
charact(‘ri/( (1 by th(‘ir capabilit>^ of stinging. The forms which 
W(' urc a hunt to di'scribe occur in Class ill., Arachnida,, (.'lass V.. 
Chilo])oda, and (dass VI., Hexapoda, of the classification given in 
Chapt(‘r XXVni. 

Class ill. Tup: Arachnida. 

As the dehnition and classification ol this class is gixen in 
Chapl(T XXVIII., xxx' have' only to consider th(‘ recognition of 
the thr(‘e onha's with which we are concerned herfc- ■ 

1. Abdomen si'gmented' — 

'Tail stout and armed at the end with a sting. (Scor- 
])ionid(“a.) 

11. AbdoiiK'U iinst'gmenteT - 

(a) iAbdoiiieu comi(‘ct('d with the C(g)ha lothorax by a 
slioj'l narrow stalk. (Ara.nc?a.) 

(//) Abdomen liiscd with tlh* cc‘]>halotliorax. (Acariiia.) 

I, Scorpionidea. 

Scorj)ious alauind m tie* tropics, where tliiA’ grow to a, lai'gi' si/i . 
and are much leai\*d because oi the ]>oisonous jirope.rties ol tlu ir 
sting. I’he method of striking is to bring the tail forward oxaa Hk? 
body of the scor])ion, so that the curved spine on the last segment 
(telson) of the tail ])enctrates into the skin and inflicts the xvound. 
On either side of this curved barb is an opening through which the 
duct from a ])oison gland discharges the venom. 

It IS probable that the poison of difhtreiit kinds of scoTpions 
liiffer epialitatixa^ly and quantitatively, but on this subject littk‘ is 
knoxxai. Certainly the sting of the small l^uiropean scorpion 
{Euscorl^uis CHropceiis) lias but slight action, causing only local pain, 
redness, and swx'lling, while the largt?i one of South Europe {Buthus 
occilanus) causes severe pain and phlegmonous swelling of the whole 
extremity, and such remote, symptoms as vomiting, faintness, 
tremors, and cramps in muscles, while the larger tropical species 
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kill not morel\^ children, but even adults. According to Caniroz, 
as many as 200 persons die annually from scor})ion-st iiig in llu‘ 
neighbourhood of Dura.ngo in Mexico. In Africa scor]don-stings 
are of frequent occurrence, but death is rare. 

Historical — Maupertuis in 1731 and Kedi in 1779 appe^ar to have 
been the first to study llie effects of scorpion-v^enom by ('xpiu'iuKmts, 
though the ancients wen‘ well acquainted with tlie sting and its 
effects, and had woven wonderful legemds as to the origin of these 
animals. Redi experimentc^d ui)on a ])igcon and a dog, but the real 
study of the venom bt'gan with (iuyon t 8()4, Paul Pert 1805, 
Delange i8()f). and Valentin in i87(), and was followed up by 
Joyeaux-T.afline in 1883 and many others. A full literature is 
given in Faust's ‘ Die Tierisclien Gitte.’ 

Classification.— -'riiis is unsettled, but Pocock gives the lol- 
lowing: - 

1. Ik'Ut.'igonal ce})ha.lothoracic sternum — 

[a) Single pedal s])!!!'. (Pandinoidre 'I'liorell. iS/l).) 

{h) Two p(‘dal si)urs. (Vejovid^e Thon'll, 1S7!).) 

11. d'riangular cephalotlioracic sternum — 

With two ])edal s])urs, of which the anterior is bifur- 
cated. (Puthkhe Simon, 1879.) 

111 . Short, wide, antcro-posterioiiy compressed c(3)halothoracic 
sternum — 

Two pedal spurs. (Bothriuridee Simon, 1880.) 

Geographical. Scor})ions occur a. 1 over the world, but the largest 
and most dreaded are lound m th(‘ tro])ics. They live under stones, 
under the bark of tn-es, in sand, and also in houses, which they 
have at dusk. Some of the best known are: — ■ 

1. US car full hie 'US Piniueiia, Vejox'ida' (;> to 3-5 C(*nti- 
nudix^s long) : Italy, lyrol, South France. 

2. Bul/ius occiluuus Amoreiix, Bullii(he (8*5 centimeties long): 
Italy, Greece, S])a.in, North Africa. 

7 Biitlius afer Linmeiis, I7f)4 (i() eciitinudies long); Airica, Asia. 

4. Biitiuis (jiiiiujucslridliis Hcmiprich and Ithreiilxn'g, 1828: U])]>er 
Fg\ pt and the Sudan. 

3. .'^'c^upio jua unis L\n\\iv[i>, 1758; Itgvpf, funis. 

() Brioiiunis ciiriuiis I lye, 1828; 1 It^sert iieai C airoaiid Alexandria. 

7. Brionuriis ainourcuxi Savigin’ ; Sudan. 

8. Androctouiis fu'uestus Memprieh and Fhreiiberg, 1828 (9 centi- 
medres long): North and Middle Airica. 

9. HcLcromch'us in.Ius^\cov, 1778; Ceylon. 

Anatomical.- d'he l)ody of tlu' scorpion is divided into a cephalo- 
thorax or prosoma, behind which comes an abdomen subdivisible 
into a broader portion, or mesosoma, and a narrower, metasoma, 
with five segments, which is popularly calkxl the tail. At the 
end of this iiKdasoma there is a postanal curved spine, called the 
telson, inside which lies the paired poison gland. The appendages 
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of the scorpion arc: i. Small three- jointed chelicertc, which arc used 
for ]io]d iig ])rcy. haigc six-jointed ])edipal])i, wliicli aio user 
for scJziiiV pivv pd. Vi^ur jyniis of sc^'^(-yLj ohitcd Wcilkin^ 
Scorpiom srizr thrir jury with the pcdipnlpi, hold them close to 
the inonlJi by iiK^aiis ol the ciieJicera*. and sting them, it necessary, 
])y l)ringing tla* jtK'tasonia, loiavard.^ ovia' IIk' ]lle^osOl^a and ceplialo- 
iJiorax, and instating tlie tj]) ol tlu' telsoii well into the animals 
])ody, and allt)\ving it to rtnna.ni tluaa^ until tlie poison has had time 
to act. I'lie tt'boii consists of two jiortions — a broad swollen part 
(the ampulla) anti a narrow poiiion (the s])int'), nea.r tlie extremity 
(); wliic'i art' twt) ^mall o])''nings ior the t'sca.pt' of tlu^ venom. 

'Yhv tvva) poison glands lie 
insitlt' tilt' ampulla,, oiief^on 
('at'li side of the middle' line'. 
Ifach gland is covered with 
a. slieet of muscle on its 
mt'sial a,nd dorsal aspects. 
This mnsclt', which is calletl 
by Wilson ‘ the compressois’ 
is inst'i'ted by its edge 
int'sially along the ventral 
inner surfact' of the wall of 
tilt' telson, and by a, broader 
ins(‘rtit)ii latt'rally. The 
t:omj)rt!SSt)r muscle stjnet'Zt's 
thr ])oison out o) tlu' gland, 
along tilt' tliict. and tlirtmgh 
tlu' opt'iiing ill the spine into 
Iht' victim, riit; e])ithelinm 
of th(' glaiitl shows thrt't' 
distinct tvpe> of t;('lls - -tht; 
mucous ct'll, tilt'. mi(' oxy- 
])liilt' granular cell, and flic 
Cell with \\'ry large graiiult'S. 
Jug. ijr- IJrleioii’rlnc. /;/t/zcs' (lirt'i ). The Venom. - Scm'pit)n- 
(A scorpion roiniiionly lt)tiiul in Ct'ylon.) xa'lloill is a tlltCir, laililly 

acid lluitl of a, somewhat 
thick or oily consistein'e. and posst'ssetl ol an tsxti'emely faint 
yt'llowish colomc It contains no structural ('li'mt'iits, but t;r\'stals 
it>rni in it il t'Va])ora,t itm takes ])lace. On an avemge it contains 
about 28 ])t‘r cent, of solid-. 

Wilstm gives tlu' lollowing hgures ior Hit vi'iiom of JPilhiis qiiUi- 
qucslnaliis : — 

speci .. .. .. .. iuqjz 

1 . . . . . . . . 20* pLi' (cnt. 

Ash 8-4 „ 

rrt)teitls form irirl of thi' solitls, and it is belit'vetl that the active 
princii>le is eitfu'r a nucleo-proteid, acid albumin, or a inimary pro- 
teose. The eifects described by various authors would, however, 
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indicate the presence of toxins, one resembling the neurotoxin of 
snake-venom, and another a haemolysin, for Kyes has described a 
typical lecithide producing haemolysis like th(^ lecitliides of cobra- 
venom. Calmette iins also shown that the vemnn of Biifhiis occi~ 
taniis is neutralized by cobra antivcnenc. There , could therefore, 
appear to be some resciiiblance between scorpion-venom (or, at nil 
events, the venom of Buthus occifanns) and cobra-vc'uom. It is, 
however, impossible to make any definite statements, as the 
condition of our knowledge witli regard to this poison is most 
unsatisfactory. 

Iwano says that the poison is a protein, of whicli there are twf) 
kinds, one soluble i:i water and the oilier in dilute acids, and from 
these crystcdline bodies can be prepared. Lecithin and cholesterin 
ar(‘ also yiresent in the venoms, which can be destroyed by pepsin 
and trypsin, permanganate of potash, and calcium hyjiochlorite. 
It seems to be very like snake-venom, and it is time that researches 
on modern lines were ma.de. 

Joyeux-Laffme thought that the venom first increased ri'flc-x 
action, and then caused paralysis of tine nervous system, and that 
death was due to a curari-like poisoning of the (nd-plates of the 
respiratory muscles; but Valentin found th(‘se wcaa^ quite intact, 
and that the muscles contracted well when their n('rv(‘S were 
stimulated by electrical or mechanical stimuli. 

As regards the action on the blood, coagulation, haemorrhage due 
to change in the capillary walls, and haemolysis hav(‘ been observed, 
as well as agglutination of th(' red corpuscles, which arc said to form 
viscous masses, and thus to block the bloodvessels by embolism. 

These observations were made by Jousset dc Bellesmc on Lilia 
viridis, a frog remarkable for its lack of pigment, and therefore 
specially suitable for such a putpose. If confirmed, they would 
show the presence of fibrin ferment, hexmorrhagins. hxmolysins, 
and agglutinins in scorpion-vinom, and would make it resemble 
very closely snaki^-vinoms. Sanan^lli, however, was not able to 
observe any change in the red cells beyond hxmolysis, which he 
saw in the blood of fishes, amphibia, and birds. 

In conclusion, we may therefore assume the presence of a neuro- 
toxin acting on the central nervous system, and the presence of 
hexmolysins, until further experiments give us more exact information. 

Minimum Lethal Dose. — The minimum lethal dosi's for dry 
Buthus afar venom is, according to Calmette, 0-05 millLramme for 
white mice, and 0-5 milligramme lor rabbits. 

That the venom must be very toxic for small animals is shown 
by the fact that tlu' minimum lethal dose for a guinea-pig is o-i 
milligramme per kilogramme, which gives a toxic value of 10,000,000 
for Buthus quinquestriatus : but, as may be imagim'd, the toxicity 
of different venoms vari('s considerably, and the difference' may be 
not mt'rely quantitative, but qualitative. 

EHects of the Venom. — It must be remembered that the venom 
is not merely a means of defence for the scorpion, but it is also the 
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method by which it kills its prey, which usually consists of small 
animals; and, further, that, in order to be toxic, the venom must 
be injected subcntaneously or intravenously, for by the mouth Jt 

is harmless. , • i j- n 

When t‘xp(a-iments an* jxrfoniit'd on animals, the iollowing 

symptoms appear:- ■ 

T. Local irritation and ]>ain. 

2. Muscular twitchings, chiefly of tlie head and neck. 


3. Jumping movtunents. 

4. Laclirymation. 

5. Increased orliital, nasal, and salivary seendions. 

6. Muscular spasms, especially of the hind-limbs, but also in all 
musclt‘s. 


7. I'rc'clion of llie hairs. 

8. Passage of liquid fa'ces (often abscait). 

q. EiixMion of ]i(‘nis and (‘mission of semcai. 

Tli(' \a‘nom of Scorpio mauriis causes death in small birds within 
two minut(‘S to half an hour from fai]ur(‘ of the respiration. If 
tlu‘ \a‘nom of a scorpion is placed on tlic conjunctiva of a rabbit, 
\’io](‘nt o]ihtlialmia results. 

fn man, tin* symptoms de])end u])on the size and nature of the 
scor])ion. Thus, th(‘ sting of th(‘ small (3-^ centimetn's) Eiiscorpius 
ciiYOpcvus caus('s only pain, redness, and local swelling, whereas 
the largt‘r tropical scorpions cause very intense pain of a burning 
cliaract(‘r radiating from the skin, associated often with violent con- 
vulsions, mc'ntal disturbance, and hallucinations, profuse perspira- 
tion, and secretion of saliva, and ])(‘rhaps vomiting. The imlse is 
W(‘ak and (]Uick, and the respirations hurri(‘d and slia.llow. These 
symptoms gradually diminish in thn‘e to eight hours, and by about 
ninc‘t<‘(‘n to tw(‘nty-four hours the person is usually normal. This, 
howe\a*r, is not always so, for d(‘ath may ensue due to collapse 
or slo]4)ag(‘ of tli(‘ r(‘si)iration, (‘ff(‘cts which are more likely to 
happen in small children than in adults. Thus, Wilson states 
that the mortality in childrc'ii under five is bo per cent, ior Buthm 
quinqiicsirialiis, but tlu‘ mortality diminislu‘s as the age increases. 
Of course this is simply due to th(‘ gr(‘ater dilution of the poison in 
the body of the adult. 

fn addition to t]u‘ above symptoms, some authors have describcal 
trismus, but it is probably du(‘ to infection with the bacillus of 
tetanus. Tlu' ( l ection of the penis noted in (‘xperiments on animals 
has been secui in man by Delangi* and Ciuyon in Algeria. A paralysis 
of the lingual and hypoglossal nc'i'ves has Ix'en noted by Posada- 
Arango. Lym])hangitis and adi'iiitis are d(‘scribed as part of the 
local (‘ffect of the sting. 

Tlu' above symptoms would indicate tlu‘ action of a neurotoxin 
acting u])on the nervous system, and causing first of all increased 
reflex action and convulsions, and latt r ])aralysis of tho medullary 
nuclei; for if Valentin’s observations are correct, there are no 
paralyses of the motor nerve-endings. 
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Effect on the Scorpion . — At the present time it is not believed 
that a scorpion commits suicide when in difficulties by stinging 
itself in the head with its own sting, because, though not absolutely 
immune to its own venom, it possesses a liigh degree of immunity 
against it. Accidental but not intentional wounding of an indi- 
vidual by its own sting is said to be known. 

Immunity. — -A natural immunity exists in the jerboa (Jac/idus 
jaculus L.) and in the desert rat (Gerhillus pyramidum Creoffr.), and 
a partial immunity in the zerilla {Jetonyx lihyca Ehrenbcrg). 

According to Balfour, fakirs at times possess an acquired im- 
munity, but this has not so far been obtained in any animal. Cal- 
mette has reported that the serum of a horse immunized against 
cobra-venom can neutralize the venom of Ihithm occitanus—a fact 
which Metclinikoff has conhrmed; but Nicolle and Catouillard have 
found this serum useless agninst th(‘ venom of the Tunis scorpion 
{S coy bio nia uriis). 

Diagnosis.— Tile history of the case and thc‘ single puncture on 
th(i affeetcid part makes tlu^ diagnosis genenilly easy. 

Prognosis.— If an adult is stung, the prognosis is good, as death 
is known to be rare, but not so in eliildrcii. The prognosis, there- 
for(‘, varies with tlu^ age, and can be judged by the following table 
from Bray, quoted by Wilson, which gives the deaths at Omdurman 
in 1902 as follows:— 

Under one year . . . . . . . . . . 5 

(Ine to live years . . . . . . . . . . 9 

Five to fifteen years . . . . . . . . . . 7 

Total . . . . . . . . . . 21 

De'atlis of adults, however, ar(‘ known, but gcmerally take place 
in a few days, not quickly. 

Treatment. — In the treat immt, the lirst thing to do is to give 
a full dose of the serum, and then to apply a proximal ligature 
and to treat the wound witli jiermanganate of potash, as described 
under the heading of Snake-Bite. 

Washing and bathing with a weak solution of ammonia may also 
be tried, and stimulants should be given. 

Colonel Duke recommends that 5 to 10 minims of a 5 per cent, 
solution of cocaine be injected subcutaneously close to the sting in 
an adult, and i to 5 minims in infants and children. Eucaine or 
stovaine might be preferable, and can be imported from any 
chemist in sterile capsules ready for hypodermic injection. Simpson 
recommends the local application of a ]>aste of ipecacuanha. 

2. Aranea. 

The Aranea, or spiders, are found all over the world, but l)y far 
the largest are in the tropics, and their peculiarly repulsive appe^ar- 
ance has given rise to numerous fables, both ancient and modern, 
with regard to their poisonous properties. 
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Historical. — ^The study of spider-stings may be said to be modem, 
and to begin with Blackwell in 1855, but it was Robert in 1893 who 
gave the fundamtaital data concerning these poisons. He main- 
tains that, in addition to the secr(‘tion of the poison gland, there 
is a toxalbumin which permeates every portion of the body of the 
animal, and in soni(‘ specie's of animals is mixed with the venom. 
He consid('rs that the sc^crction of the poison gland only gives 
rise to local symptoms, and that the general symptoms are due to 
this toxalbumin, and that it is because of this admixture in Latro- 
dectiis that th(' bite may cause severe sym])toms and even death 
in human bc'ings. The common European gardem spider (Epeira 
diadema) only causes local irritation, because the toxalbumin, 
though imc'sent in the body, is not mixed wuth the poison of the 
]Has()n gland. He also describ('S a haemolytic action in both Epeira 
and Lair ode ctus. 

Sachs has contributed a paj^er in which he carefully studies this 
hccmolysm, which he calls arachnolysin, and Wilson has recently 
writtc'n an excellent monogra])h on the spider-bites. 

Classification. — ^Spiders are divided into two suborders as 
follows: - 

1. Spinning organs situate far anterior to the anus. Eleven 
tergal plates on the dorsal surface. (Mcsothclac.) 

II. S]>inning r)rgans situate just in front of the anus. No 
tergal plates visible. (Opisthothelre.) 

The OpisthojluT'e are tin* only forms which concern us, and they 
an* divid(*d into tribes as follows:' - 

y\. (>nly aido'rior ])air of spinning organs ])resent. (Megalo- 
inoipha'.) 

B. Ibvo ])a ii s of viramous s})inning organs present. vArachno- 
mor])ha‘.) 

'rile Mega,lomor])h^e include- 

I. Without large maxillarv ])roc(‘ss on the base of the palp— 

1. l'e(‘t furnished with apical tufts or pads of hair. 

(Aviculariidae) 

2. Feet not so furnished. (Ctenizidae.) 

II. With large maxillary process on the base of the palp. 
(Atypida'.) 

The bird-eating spiders ‘ Mygak' ’ come under the Aviculariid^e. 

The Arachnomorpha^ include:— 

'File Epeirkhe witli Epeira diadema, the Theridiuhe with 
Latrodectus, the Lycoskhe with the Tarantula s])ider. 

Geographical.- All genera of spiders appear to be poisonous, but 
the most important an': Latrodectus mactans. Chili; 7 .. scelio, 
the katipo of New Zealand; Theraphosa avicularia L., South 
America; T. hlondi Latr. ; T. javanensis Walck. ; Chiracanthum 
nutrix Walck.; Theridium tredecim f^uttatum F., France and Italy; 
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T. ugubre Koch, Kara kist of Russia; Segestria perfida St.; Chcelo- 
pelina olivacea ; Lycosa tarantula L. ; L. singoriensis Laxman; 
Epdra diadema Walck. 

Anatomical. — The body of the spider is sharply divided into 
cephalothorax and abdomen. The pairs of appendages are six in 
number: — (i) The two-jointed chelicene; (2) the six-jointed leg- 
like pedipalpi; (3-6) the seven-jointed h^gs. The poison gland 
usually lies in the basal joint of the chelicera, ensheathed in con- 
nective tissue, inside which there are two spirally arranged layers 
of non-striped muscle surroundmg a basement membrane which 
bears two to three layers of polyhedral cells, surrounding the lumen 
of the acinus. From the gland the duct runs forwards into the 
distal hook-shaped joint, upon the apex of which it opens. 

The Venom. — The venom, which is useful to the spider, enabling 
it to kill the small animals upon which it lives, is an oily, trans- 
lucent, lemon-yellow-coloured liquid, with an acid reaction and a 
hot, bitter taste. It has proteid reactions, and gives the xantho- 
proteic reaction. It is difficult to obtain it in any quantity. Wilson 
recommends triturating the gland with distilled water (0-5 c.c. being 
used for each gland), and then filtering, when an extract suitable for 
experimental purposes is obtained. These extracts are rendered 
harmless by heating to 90"^ C., and tln^ active principles are said 
not to dialyze. The chemical peculiarities and the active principles 
of the venom are little kn(.)wn. Kobert, as has already been 
pointed out, considers that there are two poisons: — (i) A toxin 
secreted by the poison gland, and only causing local symptoins; 
(2) a toxalbumin distributed through the body (not originating 
from the ])oison gland), and causing gcaieral symptoms. The first 
exists alone in Lycosa tarantula, L. singoriensis. The second largely 
predominates in Latrodectus . 

Kobert and Sachs have found and studied a haemolysin, arachno- 
lysin, in the venom of several kinds of spiders, and Sachs has been 
able to immimiz(‘ a guinea-pig against this toxin, and produce an 
active serum. Arachnolysin acts upon the rod cells of man, rabbit, 
ox, mouse, and goos(', but not on those of the horse, dog, sheep, 
and guinea-pig. 

Spider-venom is also said to increase the coagulability of the 
blood. The venom of Thcridinm lugubre is believed to act in- 
juriously on tlK‘ isolated frog’s heart, even when diluted to i in 
100,000, but it is not known wh(‘thcr this is duo to action directly 
upon the heart- muscle or upon the local nervous apparatus. The 
walls of the capillaries are also said to be damaged by spider- 
venom, and to allow an increased amount of transudation, and 
hence the haemorrhages and oedema seen about the wound. It is 
asserted that the venom acts deleteriously upon the mucous 
membrane of the stomach and intestines, causing redness and 
swelling, and even haemorrhages, which perhaps arc due to some 
attempt at excretion of the poison by these organs. It is also 
thought that the venom acts upon the central nervous system, but 
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whether the cramps and convulsions are really due to action of the 
poison upon the nerve cells, or merely to the altered blood con- 
ditions, has not been decided. 

The reader is particularly asked to compare these actions on the 
nervous system (nciirotoxin ?), on the mucosa of the stomach, on 
the capillary wall, on tlu' blood and red Cecils, with the venoms of 
the scor]u‘on and of the snakes, which they strongly resemble. 

Acquircid immunity can be produced in animals by injections of 
non-lethal quantities of venoin. 

Minimum Lethal Dose. — Th(‘ minimum kdhal dose for cats is 
0-20 to 0*35 milligramme of the dry venom per kilogramme of the 
body-weight. Dogs are less sensitiv(‘, and hedgehogs still less, 
whiie frogs r('quir(‘ fiftv times the (quantity of poison which will 
aff(‘ct warm-blooded animals. 

Effects of the Venom.- In general, the symptoms of spider-bite 
rather res^aubh' those' of the' scorpiem. and are elivisible' into (i) local, 
(2) ge'Ue'ral. la)C<al inflammation is gemerally ])rese'nt, but may be 
a])se'Tit, and severe ])ain is fe'lt at the site of the' wound. The general 
sym]>te)ms are the)se of cedlapse coming on gradually, with some- 
tiiiK'S convulsions, or rarely a ty])hoidal condition ensues, winch may 
remain fe)r we'edvs. Many otlu'r sym])te)ms may also be noted, sucli 
as nausea, rigors, colei sweats, dyspneea, fe\’er, delirium, paralysis, 
and coma terminating in death. Inflammation e)f the stomach and 
intestines, coagulation of the blood, and local haemorrhages and 
(edema, are* the i)rincii)al features of a i)Ost-mortem examination. 
The symptoms of the bite's of the different spiders will noAv be 
briefly described. 

Bite of Lairodeettis mactans—T\\o symptoms of this bite are local 
])ain, which does not ap])ear till some' little time afteu' th(^ bile, bid 
beconu'S agonizing, and may last for a couj)le of days. In addition, 
tetanoiel sym])toms may se't in, but usually ('iicl in re'ce>ve'ry in 
about te'n days. 

Bite of Laivodect'us scclio.- This is the katipo spider of >\e^w 
Zealand. The symptoms begin in about thirty minutes with the 
formation e)f a white vesicle' surrounded by a red halo, and se'vere 
])ain at the site* of the bite. The general symptoms include, first, 
stiffne'ss of the muscles about the mouth and jaw, so tliat it is 
difficult te) open the mouth or to speak, and impossible' to swallow. 
The pulse be'comes ve'ry slow (12 to 14 to the minute), and tlu're 
is extreme pallor of the face anel body, with ceddiu'ss o( tlu^ ex- 
tremities, which are quite flaccid. Kespiration becomes slova^r and 
slower, and death may take place at this stage, or an illness lasting 
abe)ut six weeks, anel some'what rese'inbling typhoid, may ensue, 
which may end either in death or recoveiy. 

Bite of Theridtum luguhrc . — This bite is characterized by smart- 
ing pains, no rc'clness or swelling, cold sweats, restlessness, dizziness, 
mental anxiety, depression, vomiting, cyanosis, convulsions, status 
typhosus, and, unless improvement sets in, death in three days. 
Bite of Theraphosa micularia . — ^The Theraphosse come under the 
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commoner heading of Mygale, and cause prolonged inflammation 
and extensive cicatrization. Theraphosa javanensis is reported to 
kill men. 

Bite of ChcBtopelina olivacea. — The local symptoms are great 
pain, redness, swelling, but whether a g neral effect (curari-like 
poisoning of the voluntary muscles and deatli from stoppage of 
respiration) takes place is very doubtful. 

Bite of Lycosa tarantula.— The bite of this spider produces wheals 
surrounded by a red areola, l)ut no general symptoms result, and 
tarantismus only exists in popular imagination. The tarantula 
dance was probably introduced as a cure, with the purpose of 
keeping the patient on the move, so that he should perspire, and 
thus get rid of the poison. The tradition of the Middle Ages was 
that the bite caused the dance frenzy, Chorea saltatoria, or taran- 
tismus, which was supposed to lead to such violent exertion that 
death resulted unless the victim was soot lied by music. 

1 he Bile of Bpeira diadema . — The bile of the common garden spider has 
been rcrenlly proved by Kobert and Sachs to be ])oisonous. 

The Bite of a JU-ugal Spider . — Fink has recently dc.scribt'd a. luM’petic eruption 
on the lace of Bengalee children dne to a s]>ider-bitc ; for this he recommends 
fumigating the face with the smoke evolved when lumps of mustard-oil cake, 
burned in a charcoal fire, ar(‘ dropped into a basin of cold water. 

Diagnosis.- -Rec-stings, scorpion-bites, and ordinary skin bacterial 
infections must, of course, be distinguished from spider-bites, with 
which, without doubt, they have been often confounded. The 
local symptoms and th(‘ history ought to be some guide. 

Prognosis.- -This is gemually good. 

Treatment. — Prevent absorption by the proximal ligature, open 
the wound by an incision, and ap])ly alkaline solutions -c.g., weak 
solutions of ammonia or carbonate of potash, or equal parts of 
spirit of ammonia and water as a wet dressing. It appears to us 
that a strong permanganate of potash solution ought to be given 
a trial. 

3. Acarina. 

The Ixodoidea, or ticks, are widl known to cause' seve're symptoms 
by their bites, apart from the introduction of any parasite such as a 
Piroplasu:,a or Spirochceta. 

The anatomy of these arthropods is given in detail in 
Chapter XXVIll., ]). 689, to whicli refenmee' slmuld be made, but 
a few remarks are necessary conecu'ning the act of biting, which 
has been studied by Nuttall. 

The tick pierces the skin by means of the tec'th on the digits of 
its chelicene. The digit is ca.])able of being extended by an internal 
muscle, and turned outward by an external muschs These move- 
ments, occurring alternately, cause the teeth to cut the skin, and 
as the chelicene work dei'per and deeper, the hyi)ostome is dragged 
into the wound, and by its recurved teeth kiH'ps the tick in position. 
The palps but rarely enter the wound. During this act of biting 
it is believed that the salivary glands pour a considerable amount 
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of secretion into the victim, but the nature of this fluid and its 
action requires further investigation. NuttaJ], drawing attention 
to the iniiiuinity foJiowing bites, says that it is i)ro])abIe tliat this 
secreticm is toxic in its action. 

The Effects of the Venom. -With regard to tla^ Argasida:, Arf^as 
fyersiciis Ok('n lias an evil r(q)utation in Persia, wJiere its bite is said 
to cause S(.‘\'ere ])ain, lassitude', delirium, convulsions, and 

t'ven at times deatli in neW-comers, while natives are immune. 
Bordier eonsid(‘rs that lliesc^ symjitoms are due to the inic'ction 


of a poison, luil this would hardly i 
1)11 ry found his own case m 



il)j)c'ar to be likely, as Louns- 
South Afri('a tliat the bite 
caused only slight itching. 
1 f the symptoms are properly 
diiscribed in Persia , it would 
indicate that the tick intro- 
duced some parasite into 
the new-comer wliich caused 
a dehnite disease to which 
the native had acquired an 
immunity. 


Fic. i8 .— Ventkal Aspect of the Mouth- 
Parts OP' A Tick { N a^maphymlis punc - 
tata Canestkiki and Fanzago). 

(Atler Nutlall. CoopcT’, and Robinson, 
Journal of Parasitoloav.) 

I, Ch(tic(Ta*, showing Ict'lh; 2, liypostomc, 
showing rows of recurved teeth; 3, palp. 


hto ly. — C helickra l ie 
Same: Tick. 

(After IsTittall, Coopei . and 
I\r)l)inson, J o'lfrnal of Parasi- 
tology.) 

I, .Internal digit; 2. exte.ijial 
digit. 


/Irga.v rcjlcxiis Fabrieiu^ may cause local j)a.iu and swelling, with 
sometimes an erythematous eruption, while the site of the bite is 
mark(‘d for years by a cicatrix. The hite oi A. bvmuph Neumauu 
IS also sc'vi'.re. 

Ornilhodoyos mouhala Murray indicts a vmy ])ainfnl hitig with 
much swelling and tlie iormation of raised hard whe;ds, in Euro- 
peans, w'hich may last several days. 

Orniiliodoros iuricaia Duges may causi* swelling and numbness 
all over the body, with vomiting and diaiThma, accoiiqianied by 
an urticarial eruption and x>i*ofuse iiersiiiration, with rigors, feviT, 
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headache, and backache if the poisons tinier a vein. J.ocally, an 
ulcer may form at the site of the bite. O. talaje Guerin Mvaieville 
causes severe itchin^^ and pain. 

With regard to tlie IxodidcT, Ixodes ricinus causes severe dc'r- 
matitis, which may be followed by pustules and abscesses, with 
(edema, lymphangitis, and lymphadcaiitis, associated with fever. 

Treatment.- Tlu; treatment of tick-bites is hrst to detach the 
tick, which is by no means easy, as the recurvcHi teeth of the 
hypostoim^ liold on to the wound very firmly. The best jjlaii is 
to rub any oil into the ventral surface of the tick, thus interfering 
with its respiration, and compelling it to detach itself from the host* 
With regard to 0 . timcala, it is advised to apply the actual cautery, 
as the ('ffects of the bite are so severe. According to Wellman, 
Ornithodoros bites should be treated by bathing in very hot water, 
after which bicarbonate of soda should be applied in strong solution. 
Itching may be allayed by a menthol ointment (i to 2 jier cent.). 



As regards i)ro])hylaxis, badly inhuTed native huts should he 
Inirnt, while ordinary housi's may be lumigated with sul]dnir or 
carbon bisulphide, or sprayed with kc*rosene or boiling water. 
Beds must always be raised from the ground, and the feet of tln^ 
liedstead plac(‘d in water containing k(aoseiua while pyrethrum 
])0wder may be dusted betwe^tui tlu‘ coxaa ings of the lied. Wellman 
insists tliat natives sliould not b(‘ allowed to sknp in or near the 
epiarters of Europeans. 

2. Chilopoda. 

The class Chilopoda includes the Scolopendriche, or centipedes, 
which are animals with a head and a uniformly segmented trunk, 
possessing numerous legs. They are very common all ovi'r tlu^ 
world, but the tropical species arc much largxu' than those* which 
inhabit the Temperate Zone. They live under stones in shady 
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places, especially in woods. The poison apparatus of the centipedes 
is formed by the appendages of the first trunk segment being 
modified so as to form a ]arg(‘ pair of jaws, at the base of which 
the poison gland lies. The duct of this gland opens on the apex of 
the claw, and t]i(*refore, as tlaav are two jaws, a centipede-bite will 
show two miniit(‘ jiunctnn's or drojis of blood. 

'flu* vt'iiom is ])i'im<'n'ily intimdc'd to kill their pn^y, which consists 
of snirdl inse cts and larxaa*. 

Geographical. I hc most notiMl specic;.s are Scolopcndra cingnlaia, 
Francaa Sjiain, Jfa]\a- S. <^ipaii/ca Koch, 5 . inorsitans L., 5 . herns, 
Africa, India , Indo-Cdiina , ICqiiatorial AmcTica; (jeophilus longicorms 
Leach, ]'vlid-Euro])e. 

The Venom. Tlu^ \a‘nom is an acid o])a,lescent liquid, but little 
misciblr^ with wat('r. For (‘xperimcaital puqioscs it can be obtained 
by treating the lower lip and tlu^ hooks with normal saline solution. 

Wlaai iiii('ct('d into th(‘ Aa^ins of rabbits, it causes an immediate 
paralysis, with coagulation of the^ blood, wliik' under the skin it 
forms a large abstass. 

Effects of the Venom. -Th(‘ poison causes local and general 
sym]itoms. At lirst then^ is itching, but this is quickly followed 
by intemse jiain, which (‘xtends all over th(i limb. A red spot 
ap])ears at the* site of the bitex which enlarges and bt'comts black 
in tlu‘ ce'Utnx and sometimes there are lymphangitis and lym])li- 
adenitis. The* general synqToms are great mental anxiedy, ve)mit- 
ing, ine'gular ])ulse, dizziness, and headache. 

Diagnosis. - d'he diagnosis is obtaine^d by the lustory and the 
])r(se'n( e)[ tli(‘ two minute ])unctures. 

Prognosis, d'he ])rognosis is good, though small childn n liava^ 
bee‘11 known to die* from the* eTfe'cts of a. sting. .Adults, as a rule, 
recoN'er in about twenty-four hours at the most. 

Treatment. ILithe the part we*ll with a solution ol ammeuiia 
(i in 5 or i in lo). After bathing, a])])ly a dressing ol the* same 
alkali, or if tfuav is much swelling and realm^ss, an ice*-bag. 

It ne‘ex‘ssa]y , gFa* hyjieidermic inji'ctions of meu'idiia to relirx'e tlie 
pain. At a later ])eriod, iojiu'ntatioiis may lx* reepiiroel to i'(*eluce 
the leical inlkimmatioii. 

g. Hexapoda. 

The* ife'\o]x ela , or inse‘e:ts. contain many sjie'cies injurious to man. 

1'h(‘ onh'is te) which the ])rinci])al \a*noinous spe'cies belong an*: 
(i) Aue)ple'ura ; (Ji H(*mi])te‘ra ; (g,) Hymenoptera; (4) Ja'pidoptera; 
(5) Dijitewa; and ((>) Colooptera. 

1. Anopleura. 

d1ii^ oi(h*r includes the* lice*, \diie:h cause much irritatie)n by their 
bite*s. I lu* nature of the venom, ho\ve‘Ve*r, is not known, and the 
lice an* e)t nion* importance as carriers of disease, and will therefore 
be dealt with more fully in Chapters XXX. (p. 749) and XXXV. 
(p. 872). 
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2. Hemiptera. 

The Hemiptera (Chapter XXXI., p. 761) include the families of 
the Clinocoridae, or bugs, and the Reduvidas, or cone noses. In tlu^ 
latter family is chissificd Phoncrf^afes bicolor i pcs Stal, wliicli, accord- 
ing to Wellman, produces a very painful bite in man in Angola. 
Another member of this family, as yet not named, has been d('scril)ed 
by King in the Sudan, wlus'e it bites human Ix'ings on th(‘ hands 
and wrists, producing small re d lumps, which, however, soon dis- 
appear. It is said to bt‘ closely relate^d to FJioncrgaies Incolonpes. 

Bugs. — These hemiptevons secrete a stiongly alkaline' poisonous 
secretion in their salivary glands. This poison flows down the 
ducts of the sdylets, and 2:)assing into the wound made by the bite, 
dilates the capillaries, causing an increase of Idood in the area 
bitten. This, of course, is advantageous to the insert, allowing it 
to obtain a quantity of blood in a short s})ace of time, (dinically 
the poison causes red blotches and local swe:llings. 

It is, however, more convenient to discuss tlu'se vemomous insects 
along with otlnv parasites in Chaj)ter XXXI., j). 7O1, as it enabhs 
a more s^^stematic descri]:)tion to be given, especially as th(‘ nature 
of the venom is quite unknown. 

3. Hymenoptera. 

In this order come th(' bees, wasps, and ants. 

APllhE. 

The memlx'rs of this family which sting are W(hl known, and it 
is by no means infre(]U('nt to hear of animals and even at times 
human beings in the tropics suffering seven'ly from bee-stings, and 
more rarely dying from the (Eects. 

The species generally credited with evil effects a.re: Apis iucllifica 
L., the hivc'-bee; Vespa nmlgaris L., the wasp; V. gennania Fabr. ; 
V. craho ].., tht‘ hornet; V. orienialis, the ]ion\vi: Botnbus hortoruin 
L., the bumble-l)ee; B. lapidarius F., and Xylocopa violacca, the 
wood-b('e. 

Historical. — The venom of the bee was first^ studied by Brandt 
and Ratzc'burg in 1833, then by Paul Bert in i8()5 and Carkd in 
1884, but tlu‘ clu'inical nature was first investigated carefully by josed’ 
Langer in i8()7, and in iqoq Phisalix made ex])eriments on s])a,rrows. 

Anatomical.- d'he botly of the Ixa' is divided into lu'ad, thorax, 
and abdomen, from the posterior end of the last of which projects 
the sting in the form of a chitinous sheath, narrow posteriorly and 
wider anteriorly. This sheath contains two barbed darts, and into 
its wider portion (which })ossesses a chdt by which air can penetrate 
into it) two or three ducts from glands o]X'n. The principal 
opening bedongs to the duct ol the ‘ acid gland,’ and opens an- 
teriorly into a sac — the poison reservoir- which leads into a 
long, slender, coiled tubular gland, either bihd anteriorly or sub- 
divided into two glands. This long gland ramifies amongst the 
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contents of thc^ abdonion. The S(‘Cond ojiening, wliich lies along- 
side* the hrst, belongs to a snialJ, irrc'gular, tubular gland called the 
alkaline* gland, or gdand of Diifour. The third opening, when 
l)res(‘nt, leads into a L'uiceolate or ovoid accessory i)oisonous gland. 

The Venom.- The venom freshly extruded from the bee’s body 
weighs from 0*2 to 0-3 milligramme, and is a. trans])arent acid fluid 
with a bitlei' 1ast(*, a ]>eeulia.r aromatic sni(‘l], and a si')ccihc gravity 
of 1*1313. It contains ad)out 30 per cent, of solid matter when 
(lri(id at the room t(‘ni])eraturc*. 

Th(' acid r(*action is b(*li(*ved to be; due to f(a‘mic acid, and the 
sm(‘ll to volatile substances, but neitlier of these have any connec- 
tion wiHi tin* poisonous ])rop(‘rti(*s of tlie venom. 

Tlu* ])reparation of venom in quantity was carri(*d out by Langer 
as follows: Several thousand fresh stings with their ’ venom-sacs 
were* placed in C)() per cent, alcohol, which was in due course filtered 
off, when tlu* stings W(*re dried at 40" C., tlien pulverized and 
extracted with water. The r(;sulting extract, which, when filten'd, 
w<as a, clear \('llowish-brown fluid, was then ])recipitated by 96 per 
C(‘nt. alcohol. The ]uecipitate, after wasliing with alcohol and 
ether, was dissolvc'd (‘ither in ordinary water or in flu* same acidu- 
lat('d slightly with acetic acid. From this solution hanger obtained 
an allnimin-free active body after rc'peatedly pr('ci])itating with 
a f(*w droy)s of concc'ntratc^d ammonia and again dissolving as 
abov(‘. 'file active principle is, theu'fore, not albuminous, and 
is thought to ])(' an organic base, tlu* nature* of which, however, 
is not known. This ])oison is destroyed or its activity lessened 
l)y oxidizing agents, such as ])otassium ix'^nanganate, and also 
l)y tt'iiiients. such as ])epsin and n*nnin. 

Sul)cutane<)usl\' inje'ctr'd, the \'(‘nom producers gr(*at local inita- 
tion, but lu'ating to 100^ C. for htteen minutes df*stroys tins efh'ct. 

Intrav(*nous injt'ctions into dogs produce convulsions, trismus, 
nystagmus, emiirosthotonos, and death from respiratory failure. 
This action is beli('V(*d by some* autliors to be due to a neurotoxin, 
but tile blood after death is ve ry fluid, and tlu; red c0]3:)uscles are 
destroye*d, indicating a. marke'd ha*molysis, while all the* organs 
e*xcept tlu* s])le‘en sheuv lKemorrhage‘S and hypeiaemia; so that the* 
(‘lfe*cfs may not lx* (lue* so much to the action on the nervous SNsle ru 
as to that em the Idood. The* convulsive effe*cls can be* destroy (‘d 
by iu'ating to 100 ('. for thirty miniite*s, wlu‘n the* ])oison lii'Cimu's 
merely narcedic. All e'ffects an* annulle*d ])V heating te) J 5 t>' ( . 
tor fifte*en minute*s. 

Tlu* venom. the*re*fe)re, cemtains: 

T. Inflammatory ])oisons. whie:h are* thought to e'.omi* Iroiu the 
acid gland. 

2. \(*nrotoxins - 

(1) ( oiU'ulsive*. thought to be elerived ire)m the allealiiu* 
glanel. 

(2) Narcotic, se*crete;d by the acid gland. 

3. Hicrnolysins. 
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With regard to the last, Morgenroth and Carpi have shown that 
a lecithide is formed which is 200 to 500 times more haemolytic 
than the venom alone. There is, therefore, a similarity bcTween 
this poison and cobra-venom. 

The only marked features recorded in human ])ost-mortems an' 
hyperaemia of the meninges and l^loody t'xudation into the ventricle's 
of the brain. 

Immunity. — ^There appears to be no doubt that bee-keepers 
often attain a considerable amount of immunity against the 
venom. 

Thus, Langer says: Out of 164 bec-keepems, ii wen.^ immune 
from the first; while of tlm 153 at first sensitive, 126 became more 
or less immune, and 27 did not. Of the 126 more' or less immune 
persons, 14 said that tlu^y were not affected even when several 
stings were inflicted quickly one after the other. 

Bt'.e immunity, however, is only passing, and doc'.s not last, and 
th(‘ keepers say that tlie first sting in the early ]7a,rt of tlu‘ yc'ar may 
produce a strong effect. 

Calmette has immunized a mouse, so that it could resist dost'S ol 
the venom which would surely have l)een mortal otlu'rwise. 

The Effects of the Venom.- -Usually tlie syiiqhoms an' merel>’ 
local, and limit('d to ])ain in tlu‘ part, redness, and swelling of the 
skin, and disajqx'ar in a few hours. Sup^iuration is rar(‘, and l)lood- 
poisoning very rare, only taking place occasionally if tlu^ sting is 
on th(' eyes, ears, lips, or in h'eble old people. 

Slight ft'ver may result in sensitive people', and sometimt'S general 
constitutional symptoms, such as nausea, faintiK'SS, great wi'akness, 
vomiting, precordia.1 distiess, difficulty in bn'a thing, coldness of 
the extremities, with an (‘ruption on the skin like measles, or with 
wheals. These symptoms may pass on to delirium, unconscious- 
ness, and more rarely death. 

Vespa oriciitaJis causes semi-unconsciousm^ss, the face', becoming 
pale and cyanose'd, the skin of tlu' extremities cold with a clammy 
sw('at; respiration becomes shallow and sighing; the pulse quick 
(130 to 140), irregular, and ban'l)^ perc(‘]Tibl('. On recovery from 
this state of shock, the patient complains of a sensation of tightness 
in the throat, and cedema may deve'lop in the neck and face, as 
well as slight fever (100” to 102^’ F.), all symptoms disa])])earing in 
twenty-four hours. 

The ordinary b('e may at times cause severe' symplems, of whicli 
the following is an example: a lady was stung in tlu' forehead, 
and in four minutes swelling of the eyelids a.ud lips began, which 
rapidly spread to th(‘ arms, and was associa.t('el with acute' abelominal 
pain. The' hands be'came' rigid in tlie position e)i maiii 01 
and pain and stiffness was felt in the throat, together with difhculty 
in speaking. There was also vomiting and a. se'use e)f chilliness, 
followed by e'xhaustiou. Jvecovc'ry was rapid. 

Diagnosis. —d'hore is usually no difficulty in this, the' liistoiy 
being clear. 
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Prognosis. — Usually tlir ])rognosis is very good ; the only clangers 
lire in chihln^n and old fr(‘h]c persons, end in multiple stings. 

Treatment TJh' iisunl iivntment is by a]>])/7cvU/ons oi weak 
solutiojih of anijNonia, which answers well. ( arbohc acid (i in 20 
or j in jo) i^ sati.slaciorv il a])])li(‘d iininediah'ly alter th(‘ sting. 
J?ota,ssiiiin ]V‘rnia,nganaU‘ may be tri(‘d. 

('ahiK'ttc advises a sohilion of calciiiiii liyjM)chlorat(‘ (i in bo) 
or ('an de Javci (r in joo). Wlien tlua\‘ is much swelling, apply 
iced com])r(‘SS(‘s ot an ict^-bag. W'lu'n gcnieral sym])toms develoj), 
strychnine inji‘ctions jiiay be used. 

b'ORMK’iD-b:. 

Ams may a])j)ear ratlaT in.signiiicant in tlx' 'UmijH'rab^ Zone, but 
in tla^ tioj^ics tliey <iie most actives and tlieir l^itt's are very painful. 

Many aide- c.g., Myrmn a and Poncra — have' a poison apparatus 
analogous to that ol the bee's, whie:h has just been dc'seribed. 

The Venom. I he vcaiom is wc'll known to contain formic acid, 
but tluax' must be more* than this in the* \'enoins of the tropical 
siieci'-s, though nothing is known em the subject. 

The Effects of the Venom. Uie* sx'midoms are* usually only local 

- that is to say, ])ain, inllammation, and sw(*lling at the site^ of the* 
bite> but in tlie case* of the large* tro])ical ants general symptoms 
ol faintness, sliive'i'ing, anel temporary paralysis may be produce'd. 
Ineleed, drie'el red ants made* into a paste have already been noted 
as an arre)w-])oison (Chapter XI., p. 180). 

in ( e)ion the re* is a spe*cie“S ol very small ants which infest the 
be*els and bit(* ])(‘0])le‘ while* a.sle*e*}), piodiicing urticarial pe)mphi. 

Treatment. A])])ly we'ak solutions of ammonia, carbolic solutiem 
(1 m 20), or cam])he)ra,ted alcohol, te) the part. As a preventive* 
me'asure* against the* ants inlecting be*els. sjiread some* })owde*re*el 
e'am])he)r in the* be-els and sheets. 

4. Lepidoptera. 

Cate*r])illa,rs e>t many butte*rfhe*s are well known to be ve'iiomous 
hi the* tre)])ics, causing marked skin eruptions, and even a feeling of 
illness associated with a slight rise of temperature. 

\\ e*llman re*ports that in Angola the most common stinging c.ater- 
])illar is that e)f the tige*r-me>th (ArchidaO, called locally ‘ eichipia ’ 

- -that which burns- which jireiduces an angry enpition associateef 
y'ith much i)ain. Another be'leuiging te) the Limacodieke, e:alled 

}v[ni\ i.’ he* describes as causing urticaria. A third, belonging to 
tlu- l.i]>ariela, also causes se*ve're! le)ca,l, and at timers re*tlex nervous 
s\ inptoms. \\e are accjuainted with stinging caterpillars in Ceylon 
a.n(l the (lold C oast, but we* hax’e* not dede‘rmine*d the species. In 
tile* fcanier, a bomb}*x larva living on the* Hibiscus plant is a])t te) 
cause* skin irritation. In India, the ‘ komlah ’ of the Terai is liable 
to cause intense irritation if it touches the skin. According to 
Plrooke, the larxxe ol JSictvra Icpida and Adohu are known to be 
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venomous. Recently Bleyer has described caterpillars belonging 
to the Bombycidae of Brazil which possess peculiar stinging organs, 
the venom from which produces locally urticaria and dermatitis, as 
well as general symptoms, which arc best treaUA by the local appli- 
cation of a 2 per cent, solution of menthol in adher, chloroform, 
and rectified spirits, and by the administration of a mixture; con- 
taining liquor ammonifc acedatis. 

Porthesta Chrysorrheva — The caterpillar of this brown-tailed moth 
is reported from America (Massachusetts and New Hampshire) as 
causing a peculiar skin eni])tion, which Tyzzer says is caused by 
the penetration into the (‘pidermi . of pe^culiarly modified micro- 
scopic hairs calked the nettling hairs, which are sharply pointed and 
barbed. These hairs are specially arranged for pc'iKdration, and. 
l>ossess an irritating subst«ance which can be destroyed at 115° C. 
The other hairs are innocuous. The poison causes nt^crosis of the 
cells of the epidermis, together with the formation of small vesicles 
and inflammation of the corium. 

The Symptoms, which are generally those of an urticarial der- 
matitis, but occasionally erysipc'latous-like, may be dividtxl into 
two groups: (i) severe, due to contact with the catiu'pillar; (2) mild, 
due to hairs blown into the air and lodging in skin or under-gar- 
ments. But it must be remembered that soim' ]:>eople are very 
sensitive and others almost immune. 

Treatment. — '11 u* best tn'atment is to clear away the hairs with 
a. little alkaline lotion (bicarbonate of soda. 2 per cent.), and then 
to apply an ointment of ichthyol (10 per cent.). 

5. Diptera. 

The classification of tli(‘ l)ii)ttTa is given in Chapter XXXJT, p. 775, 
to which reference should be madcs 

Culicidcr. — llu; irritation ol mosquito-bites is most noticed by 
the new-comer to the tropics, for as y(‘ars go by a. kind of partial 
immunity is acquired, and the bites are much less noticed. Some 
p(‘ople appear to have; a partial natural immunity to the bites, but 
this is uncommon. 

Only the female mosquito bites and sucks blood, which is sup- 
posed to be required for the nutritieni of the eggs. When the 
female mosquito alights ujion the skin, it does not always bite at 
once, but may move from one ])art to another, a.])pareaitly testing 
the different parts of the skin liy its labclla;.* 

Having selected a given area of skin, it moves the palpi away 
from the proboscis dorsally, and at the same time rotates the 
labelke on their hinge-joints outwards. 

The labium is now jiressed against the skin, and is bent into the 
form of a bow, convex posterioily. An opening in the skin is then 
made, in which the mandibles and maxilhe work like saws, while 
the head of the mosquito can be seen rocking from side to side. 

* For the anatomy of the proboscis see Chapter XXXII., p. 77^. 
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During this process r<‘S]*ira1ion is going on quietly, but at times, 
according to Schaudinn, a violent contraction of the abdomen is 

notic(‘d, wliich is said to 
1 h^ diK' to the carbonic 
;icid in tlie superficial 
layer's of t]i(‘ skin, for lu' 
found that wlieii carbon 
dioxide gas acted upon 
mosquitoes a like contrac- 
tion was produced. 

As this ]U' 0 C('SS is jiro- 
ce('ding, an irritating sub- 
stances tile c h m i c a 1 
nature' of which is not 
kne)wn, is injected unde'T 
tlc' skin, and it is e-vident 
that til is lia,pp(ms bi'fena' 
th(‘ mosquito begins to 
suck bloeiei for the' irrita- 
tion is pre'sent whem the 
inse-ct cease's to bite liefore; drawing iq) the' blood. 

The're has been much dispute as to where' this substance' coims 
Irorn, but this apjiears te) have been settleel by Schaue.linn, wlie> 
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2] . An An(jj-iiJ'.i.]n i<: Mosnnnejpl .nuiiu- 
lipcunis MFaea.N) in the Act of Bitino. 

(After Neit tall a,ji(l Shi])]('y, Journal oj 
Hviiicur.) 

Note iUat the proboscis does not enter llu' 
wounel, and tliat it is bent convex poste;riorl\ . 
Note the eiistension of the abdomen as seen l)y 
the space b(.*tvvecn the terga, and the ste'rna.. 
In the natural condition tliis sjr'icc would Ik' 
bright red from the blood in the abelomeii. 


To ex 2 2.-- lljcAi) OF AnopJirJcs macuRpenuis Mf.tcen, 

(Aft<'r Niittuil and Slhpley, Journal oj Llyf^icnc .) 

T, I.a])ium; 2. maxilhe; 3, hvpo]diarynx ; 4, mandibles ; 5, la.briim ; 
b, ]xdpi; 7, anfennx; S. occiput; o, (‘ye; 10. clypeus. 


triturated the isolated salivary glands in salt solution, which he 
apjdied to a we>Tmd with negative' re'sult. On the othe'r hand, when 
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he applied the isolated oesophageal diverticula to a scratch, he 
obtained the charact(‘ristic irritation and nxlness. These oeso- 
phageal diverticula contain gas-bubbles and Ixicteria. or moulds. 
The bubbles were shown by Schaudinn to contain carbon dioxide 
by applying baryta-water to the diverticula, when a i)recipitate 
was obtained. The fungi need further investigation, but they or 
their products appear to he tlie real cause of the irritation, for 



I'U.. 23. -Ay'KRiO]': J-Ind oi' 
A IMA.NUJiTaa;. 

(After Nut tall and Shipley, 
journal of Hygiene.) 



iUG, -AnTI'RIuR hhvID OF 

A Maxii.la. 

(Alter Nuli.'iJl and Shi])ley, 
Joninial of Hygiene.) 


when Schaudinn pressed the carbon dioxide out ol the sac tlu' signs 
characteristic of the bite weiv still ])roduc(xl. It aj)pears jtrolxible, 
therefore', that the povvc'rful abdominal ciaitraction mtaitione'd 
above expels tlie gas, ].)a,cteria, and fungi from the (esophageal 
diverticula and the saliva from the salivairy ydands. 

It is j)ossible that the chemical products of tlie fungi, by causing 
local irritation, bring more Mood into the ])artK:ular area of skin 



(After Nultall and Sliipley, Journal of Hygiene.) 

I, MouLli and bu( ( .d cax ily; ])harynx; y ‘e-sopliagus ; , dorsal and 

ventral (psoplia^^c'al dix'erticula ; 3, ])r()venlriculus ; <>. salivary glands; 7, narrow 
])ortion of venlricidus ; S, so tailed stoiiiaeh; 9, nialpigliian tuLudes; 10, intes- 
tine; II, rectum; 1*:, anus. 


affected, and thus enable the mosquito to get Iku' sup])ly (jiiickly, 
for feeding only takes two to three minutt'S, during wliicli time' some 
mosquitoes will so overhll tliemst'lves witli blood that it may be 
ejected per anion. The use of the caiiionic acid is probalily to 
prevemt the coaguhition of the blood, which is diaiwn up the large 
blood-tube formed by tlu; labrum epipliarynx and hypopharynx 
by the suctorial action of the pump-like pharynx. 


15 
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Symptoms. — Shortly after a mosquito has bitten a person, a 
sensation of itciiing is exjx'rienced^in the ahected ]Xirt, which on 
examination is seen to be inliamed^anJ reddish, while a wheal not 
unusually develops, especially in persons new to the tropics. Some- 
times a papule or even a nodule may form on the site of the bite, 
while more larely scratching leads to secondary infection and the 
formation of boils, lymphangitis, or lymphadcaiitis. 

Treatment.- -J he itching may be relieved by dilute solution-^ of 
ammonia (Scrubb’s Ammonia is a favourite remedy), or by a 5 per 
cent, solution of carbolic acid, or i per cent, alcoholic lotion of 
menthol, inllaiiied bites may be cleaned with i in 40 carbolic 
lotion, and alterwards dressed with boracic ointment. Local septic 
poisoning should be treated by boracic or carbolic fomentation^, 
wliik' bods and abscesses must be opened. 

Prophylaxis. — The prevention of mosquito-bites will bc' discussed 
in the cliaiiter on Malaria (Clia]>ler XL.). 

Other Lhptcra, — Numerous Hies othiT than the Culicidie cause 
irritation by their bites, such as fleas, but the nature of the venom 
not being well known, they will be considered together in Chapters 
XXXU., ]). 771. XXX: i i., p. 814, and XXXIV., p. 857. 

in C ape C olony thc're is a superstition that the ' bee motli 
i.c., death’s-head moth, Achcrontia airopos Linmeus — is poisonous, 
This is not so. 

0. Coleoptera. 

LeeUes and their larvae are capable ol inllicting severe bites or 
wouikX by means d stiff liaiih. suriiianicnsis i-., the 

saw-looihed grain- l)eetle, is said to bite peuxile. Wdilman di^scribes 
the larVii ol a beetle, which tJie natives ot Angola call ‘ ochisia,' 
which 111! a.ns ‘ to be tell alone,’ whose bristles will even iienelrale 
the skin oi the sole ot the toot, causing pain, infiammalion, and 
evc:n sknighing, vvhen trodden ui>on. 

Blister Beetles.- -Chalmers and King 111 i'ji 7 have drawn 
attention to the beetles Eptcauia sappliirina Maeklin, 1845, and 
LpieaitUit oniailusa Maeklin, 1845, as the cause ol ‘seasonal vesic- 
ular dermatitis ’ in Khartoum, while Ik Ji. Koss had studied in 
191O the same cum])laint in Nairobi, wdiei'e it was caused by Pa'derus 
cnbipiuiciaia Epp (sic), and B. da SilvTi iiad traced in 19m similar 
outbreaks in Brazil \o ruder us coluinbuius de Laporle, 1832, Ivysell 
io ruHleriis pere^rifiiis iddiricius, 1801, in Malaysia ; and Kodhain 
and Houssian to a specEe. ot the genus Pcedaus Labricius, 1775- 
Finally, Roubaiid has stated that Epicaiiki fiavirorms Dujardin, 
1838, IS the cause ol the same complaint in Senegal. 

The whole subjt;ct, howa^ver, Ixdongs to Chapter XC\ j., the 
Dermatozoiases, and is only mentioned here tea the purposes of 
reference. 

it will be noted that the various authors only mention two 
genera~-viz., Epicauta Dejean, 1803, which belongs to the family 
Ccintharidce Leach, 1817, and Faulerus Fabricius, 1775, belong- 
ing to the family Staphylinidcr, which latter lack the appendage 
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on the ventral aspect of the claws which is so chaniclerislic of tht‘ 
former. 

The life-history of these beetles is very complicated, and mucli 
of it is spent under the ground, hence the seasonal factor in tlu? 
eruption caused by cantharidin, which is present in the fluid 
exuding from the insect, and especially from what may be termed 
the knee-joint, when irritated. 



Fir.. 26.— Blister Beetles. 

I, Upper and smaller Epiamta iomentosa Maeklin, 1845, and the lower and 
larger Epicaiita sapphirnia Maeklin, 1845; 2, MylabHs nubica de Marscnl, 
1S57I 3’ ^ claw of sapphirina, to show the long appendage which is usually 
closely a})plied to it. 


MOLLUSCA. 

A vimomous snail of unknown genus and speci('s is descrilx'd 
in tht‘ Solomon Islands, 'riiese snails ])ossess radulae provided 
with ])ointed tubular teeth, armed anteriorly with a barb, dliese 
teeth are conucadc'd with a. yioison gland, and are capalile of injuring 
men and producing se\’err wounds. Bites of the cones and augers 
(Terebridc^e) arc^ said to be poisonous. 
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CHAPTER XV 


VfiNOMOUS ANIMALS -Flf^CES 

AND AMPHIBIA 


[^is( es- Zoologi( al classification—Geograpbical distribii lion -Poison by 
Ifite — Poison by stings — Amphibia- -References. 


PISCES. 

All over the world, but especially in tropical seas, there are fish 
which for purposes of defence secrete ]>oisonous fluids from special 
glands. 7'hese fish have been but little studied, and still less is 
known about the nature of their venom and its physiological action. 
A great deal, however, is known by residents in the tropics about 
wounds inflicted by these fish, and the doctor practising therein is 
bound sooner or later to come across not merely persons who know 
a good deal in a general way about the subject, but those who 
either are suff(vring or have suffered from the poisoning. It is 
therefore neciLssary that the tropical practitioner should have some 
knowledge of venomous lish. 

The subject might be studic^d by classifying the lish zoologically, 
and then taking them seriatim and describing their poison and its 
effects; but though a zoological list will be given, this does not 
seem so satisfactory as to follow Bottard in his special classification 
based on the manner in which the lish inflicts the poison. 

Venomous fish may be classified into: - 

Class I. Fish which poison by their bite. 

Class 11. Fish which poison by barbs (spines) connected 
with special glands. 

('lass 111. Fish which j)oison by a secretion prepared by the 
skin glands. This class is illustrated by the lamprey, 
which is only known to produce poisoning when eaten. 

It will be understood from the above classification that venomous 
fish are to be distinguished from poisonous fish — t.e., from fish 
which cause symptoms of poisoning when their flesh is eaten — 
for the flesh of venomous fish can be eaten with impunity. The 
poisonous fish and their effects have been briefly described in 
Chapter XIII., p. 193, under the heading Poisonous Food. 

During the spawning season the quantity and the virulence of 
the poison of venomous fish generally increase, and, indeed, some 

230 



VENOMOUS FISH 


231 


genera — e,^,, Cottus — are only venomous at that time. Poisonous 
glands, being protective, occur more commonly in weak and small 
rather than in large fish, hence they are more frequent in bony 
than in cartilaginous fish, which latter are usually of large size. 
Vemomous fish are often conspicuous by form or colour. 

Historical.— The history of our knowledge of venomous fish has 
been well written by Faust, who points out that it was Aristotle, 
the Father of Ichthyology, who first established the fact that fish 
could produce poisoned wounds, anc> that after his day informa- 
tion on this subject appears to hav^e been very uncertain, and 
doub'is W( cast, upon the facts ascei tained by him. Modern 
knowledge begau in 1841 by Allman writing a paper on the stinging 
properties of the lesser weaver (Trachimts vipera), which, he said 
with all reservation, was probably due to a poison-gland at the 
base of the opercular valve. Further researches were made by 
Byerley in 1849, fhinther from 1864 to 1881, Corre 1865-81, Gressin 
1884, and Savtschenko, who produced his excellent atlas in 1886. 
It is, however, Bottard, in his thesis on ‘ Les Poissons Venimeux ' 
in 1889, who first gave a clear account of these fish, and he has been 
followed by Courtiere in 1899, Briot in 1902-04, and Evans in 1907. 
The nature of the poison or poisons, and its or their physiological 
effects, still require considerable research. 

Effects of the Poison. — As far as investigations have gone, it 
appears as though the venoms of the diffenmt fish only varied 
quantitatively, and not qualitatively. The effects are local and 
general. The local effects consist in painful sensations, swelling of 
the part, which may spread over the whole limb, suppuration, and 
even gangrene. The general symptoms appear to be due in the 
first instance to the action of the venom on the central nervous 
system, which shows itself in excitation, and later insensibility and 
paralysis. An action on cardiac muscle has also been recorded. 
In man death has been known to occur from wounds of Synanceia 
hrachio. 

Persons Chiefly Affected. — The persons chiefly affected by the 
venom are cooks and fishermen, but the latter arc well aware of the 
danger. 

Diagnosis. — Diagnosis is to be obtained by the history of the 
injury. 

Prognosis. — This is usually good, but prompt treatment is 
needed. 

Treatment.- — ^The treatment of a poisonous wound due to a fish 
must be based upon the following principles: — 

1. Prevent as far as possible the poison entering the general 

circulation. 

2. Neutralize the poison as far as possible locally. 

3. Treat the general symptoms. 

I. Prevent the Poison entering the General Circulation , — The wound 
will usually be on an arm or a leg, and therefore if will be quite 
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easy to apply proximally a tight bandage with the same precautions 
as mentioned under Snake-Bite (see p. 274). 

2. Neutralize the Poison Locally. — This sliould be done by opening 
tile wound and letting it bleed while washing it with i per cent, 
solution of permanganat(' of potash, or by rubbing in crystals of 
tlie same substance', and then apjilying fomentations and aseptic 
dressings. 

3. General Treatment.- 1 he pain must be relieved by hypodermics 
of morjihia, and nervous symptoms by bromides; syncopal attacks 
by stimulants and hy]>od(.^rmiGs ol strychnine'; failure of respiration 
by ar t ill cial respiratiejii. 

Zoological Classification. 

I'lic \'(.'n()inoi:s fish inn\’ be; t lassilird as lolloxv's: — 

Sulx lass I. JLlasniobomcliii. 

Older 3. Seine liii. 

Sul)onlc r 3. Kaii. 

b'ainiiy lUylioba tida'. 

M^diobalis aquila Liiiiueus. 

Aetobatis narinari Euphrasen. 

lOinily Tryj;oTiida.‘. 

'rr\'t;on })astinaca Cuvier and other species. 

Subclass V. "fcleostei. 

Grade A. Pliysostoini. 

Su])order 2. Cvi)rini siluritormes (Ostariophysi) . 

Idimilv Silurida?. 

Plolosus an,m'illa.ns liiocli, 

Saccobraiu bus fossilis JUoch. 

Sii bolder .\. Aiiguillilomies (Ajaodes). 

Eami]\' Miirienida''. 

TMura'iia helcaia Linua us. 

Cirade lb Physoc lisli. 

Suborder e*. Aeaiitlioi)terye,ii. 

Division 1. Percilorines. 

luunily Acant luirida'. 

Acautluirus luridus. 

Division 7. 'I riglilo'. ines (Scleroparei) . 

J'aiuily 1 liylida*. 

d’rie;la hinnido J-iniueus. 

Family Scorpa'uida'. 

Syuam eia braebio Cuvitu' and Valenciennes, 1826. 
vmrucosa Schneider. 

Seorjiaaia yrandicornis Cuvier and Valenciennes, 
1 S20. 

,, Lliabolus Cuvierand Valenciennes, 1826. 

,, })orcus Linnaeus. 

Dlerois anlennata Dlocb. 

lA'lor tilamentosuni Cuvier and Valenciennes, 1826, 

Family Cottidae. 

Cottus scorpius Linnaeus. 
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Division 8. Blenniformes. 

Family Trachiniclas. 

'rracliiims draco Liiinrciis. 

,, vipcra Cii vi(‘r anti Valc'iiciriiiios, 1826. 

,, radkiiiis Cuvi(‘r and Valt'ucit'iiiics, 1826. 

,, arancns Kiss. 


Family Uraiioscopida;. 

Uranosco])iis scalxT Iduiia'us. 

Family Callionymida?. 

Callion vmus lyra lannanis. 

Family Batrachidaj. 

l^atracliiis tan. 

,, gru unions Bloch. 
dd\alasso|)hrvne rcticnlatn. Giinih(‘r, 
matailosa Gunthtn-. 


Addonluyn. — Sorranus ontabili (Cuv. and Val.) and i lolucanllms impcralor 
(Bl.) arc louhed upon as possibly poisonous, but Huso is no deiinite evidence. 
I'ht^ Siluridae are believetl to be ])oisonous, because sonic ol them possess saC' 
like organs opening into the axillae of the ])ectoral lins, on wliich there are 
powerful spines. 

Geographical Distribution. 

The geographical distribution of venomous lish is in ttmiperate and tropical 
seas: — 

'J'cleosfonti. 


Blotosus c.iiguillaris 
Muracna helcna 
Acanthurus lurid us 
Trigla hirundo 
Synanceia brachio . . 

,, verrucosa 
Scorpama gra ndicornis 
,, (Uabolus 
,, porcus . . 
Iherois antenna ta . . 
Felor lilamentosum 
Cottus scorpius 
rrac.hinidai . . 
Uranoscojms scaber 
Callionvmus lyra . . 
liatrachidai. . 


Indian Ocean. 

Mediterranean. 

't ropical Atlantic, 
linglish Channel. 
rro})ical Pacific. 

Indian Ocean. 

Waters of the Antilles. 

Indian Ocean and 'rro})ical Pacific. 
Mediterranean. 

Seas ot the Indites and Fr|uatorial Pacific. 
Waters of I'lslc-de-lhance. 

Seas of Europe, Asia, and ISorth America. 
Waters of Europe. 

Mediteri'anean. 

Waters of France. 

Waters of Tropical America and India. 


j. caving, however, the zoological class! licat ion, wi‘ will consider 
he vturomous lisli according to J^ottard’s classihcation, excluding 
( lass III. 


CLASS 1 . 


Fish which Poison by thihr Bite. 


The type of this class is the genus Murcena, all of which possess 
powerful teeth capabh' of inflicting stwerc bites. Acconling to 
Calmette, there are more than one hundred species in tropical and 
subtropical seas. Mnrcena Helena L. is found in the Mediterranean, 
and Murcena 7n()rinfia Cuv. in the tropical Atlantic. 

The poison apparatus consists of a pouch lying above the cover 
ing of the palate lined with epithelial cells, secreting the venom. 
This pouch is capable in larger species of holding about i c.c. of 
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poison, and posscss(;s three* or four strong conical teeth curved with 
an anterior convexity. These tecTh arc not grooved or channelled, 
but are easily moved and erected, and are enclosed in a sheath 
formed by the mucosa of the jxdatc. The poison collects between 
the teeth, and simply flows down them into the wound. 

The venom has not beem studied, c'xcept so far as to show that it 
has some digestive action. The effect on man is not certainly 
known, but is supposed to lead to syncope. 

Another fish, the bit(i of which is much dreaded, is Tetrodon 
Iluviatilis, which is found in the waters of Indo-China, and fre- 
quently attacks tlu* natives, especially children. 

CLASS U. 

Fish wHicai Poison hy Means oe vStjngs associated with 

Poison Glands. 

Bottard classiiies the poison apparatus of this class into three 
groups 

1. Apparatus ciilirHy ciloscd, and therefore before the poison can escape 

a, membrane must be ru])lure(l: — 

Synaneeia braehio. 

,, verrucosa. 

Plotosiis ,'iuj^iiill;iris. 

2. A}q)aralm ])a,rtiallv closed: — 

Tlh'ilassopbryne reticulata. 

,, maculosa. 

L Ap|)aratus in more or Less direct communication with the exterior: — 

I'l ac liiuus ^ vipera. 

,, draco. 

,, radiatus. 

,, araiu'us. 

(^ollus scorpius. 

,, Imbalis. 
f^obio. 

Cnllionymus lyra. 

Scorpama })orcus. 

,, scrota. 

Ihcrois antennata. 

Pclor tilamentosum. 

Acanthiirus luridu.s. 

Uraiioscopus scaber. 

'I'ri^hi hiruiido. 

1'he poison glands are g(*nera]ly placed at the base of the dorsal 
or anal hns, or iimhT ..piiK's on the operculum. The gland com- 
municates with OIK* or more* rays of the hns. The barbs may be: — 

1. (iTooved, but having Uie groove converted into a canal by a 
membrane, which must lie ruptured for the poison to escape. 

2. Canalized by clianuels which h'ad to apiidures near its tip. 

This arrangement of the rays agrees with the types ol ])oison 

apparatus memtioned above. 
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Section 1. — Poison Apparatus Entirely Closed. 

The apparatus is connected with the dorsal tin, and is ]:>assively 
defensive — that is to say, the lish cannot eject the poison unless 
tlie barb is broken. 

Examples.- — Synanceia (hrachio and many other species) ; Plotosiis 
arab. 

Synanceia {hrachio and many other species) r fish, called 

' rapau de mer ’ in Reunion, ‘ laffe ’ in Mauritius, ‘ ikan Satan ’ in 
Java, and ' nohu ' in Tahiti, is distributed through the waters of 
the Indies, Cochin (ddna, New Caledonia, and the Pacific Ocean. 

Its poison apparatus is connected with the dorsal fin, which has 
thirteen barbs, each of which is supplied with two poison reservoirs, 
to which belong ten or twelve tubular glands. It cannot eject the 
poison itself, but if trodden upon by the nakc'd foot, the barbs 
enter the skin, and the poison is pressed mechanically into the 
wound. The venom is limpid, bluish, and slightly acid. The 



Fig. 27. — Synanceia verrucosa Schneider. 
(From Savtsclionko’s ‘ Allas of Poisonous Fish.’) 


symptoms arc severe pain, spreading up the limb. The sufferer 
becomes violent, throwing himself from side to side, and even 
asking to have his foot cut off. Sometimes syncope and death 
may take place. In other cases abscesses and symptoms of blood- 
poisoning may be noted. The skin surrounding the wound becomes 
bluish, and may slough, in which case repair takes a i^ery long time 
to be completed. 

Plotosus ani^uillaris —This ftsh, called ‘ machoira ’ in Reunion and 
Mauritius, ‘ sanbilang ’ in Malay, ‘ koormat ’ in Abyssinia, is found 
in the waters of India, of the Seychelles, and other places men- 
tioned above. The poison apparatus is connecti'd with the dorsal 
hn, and the conditions which bring about the wound, together with 
the symptoms, resemble those of Synanceia. 

Saccobranchus f os silis. — ^I'his fish is found in the waters of India 
and Ceylon, and wounds caused by its pectoral lins are much 
dreaded by the natives, as they produce severe inflammation and 
even tetanic symptoms. 
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Section 2.- -Poison Apparatus Partially Closed. 

type's of this S(‘(hion iin' llialassophrviic reticulata (Hintlier, 
wliicli is found lU'.n' P;:n;!ni;i. n,nd T. maculosa ('liiiillu'r, wJiich is 
cliicllv IouikI in the (dilf of Italiin (Brazil). 

In tlu'se' lisli tlu' ]>ois()n a])paratus is (loiibU'. tlirro bt'iiyy hollow 
barbs on tlu' j^ib cove'is anol on the' back close Ixdiind tlie head. 
Th(‘ barb on tlu' ^ill cover, whicli is be^nt soiiK'what upwards, is 
conical insha.])(' and ])i(‘rc('d by a ceutial canal, which is connected 
with a poison rc^ser\a>ir situated at the base' of the barb. The ccdls 
lining this sac are probably those wliicli secrete^ the poison. The 
venom, tlierefone is ca])abl(‘ of flowing along this canal wdthout 
being force'd by muscular ('Xeudion. Tlu' barbs on the dorsum of tlu^ 
fisli consist of two spinc'S ])ierc('d, as in thc' case of the oiXTcula.r 
spine, by canals which eaemmimicate with poison reservoirs. When 
the l:)arl)S an' ('n'cted. tlu- ])oison flows out of the* peripheral openings 
of th(^ C('ntr:d camals, and thus can ('liter any wound caused by them, 
d lu' naf iir(‘ of tin; \a'nom and its jihvsiological action are not known, 
but it is su])pos('d tliat it will be like' Svnauceia and Trachijuis, 
ihough Bk'H' is Ti(» ground for this su])])osition. 

'Mk' ])oison a])j)aratus of Batraclius tau of the wnters of North 
Amc'rica and IL c^ruinncus of those of the Antilles arc said to be 
id('utical (Calmette') with that just de'seribed for Thalassophrync. 

Section 3. Poison Apparatus in more or less Direct Com- 
munication with the Exterior. 

'Fhis sc'ction conta. ins a numbe r of lisli, the' Ix'St studie'd of which 
is 'J'rac/ri }ius draco, 

r radii u us e/mcc.— d Ids lish possesses two sc'ts of ])oison ajipa- 
ratus, the' one a. barb on tlu' o]X'rculum, and the' otlie i' conneeded 
with tile' dorsal liii. d'he barl) on I lie' ojX'i'culum ])osse'SS('S a grooxa' 
which is ceima'ide'd into a canal by a line me'uibrane, which h'ave'S 
an opening near tlu' point of tlu' s])ine. This ba.rb, which is slightly 
e're'ctile, ])i('rc('S the' o]X'rculum. At its base^ lies the poison gland, 
])artly cove re'd by an adductoi' uiuscle. vdiicli heliis to i)r('^>s the' 
])oison into the' canal and to e'rcct the' s])ine. \\die'n the barb enters 
the' lle'sh of another animal, the' above-me'iitiemed membrane is 
strippe'd off and the ])()ison e'lite'rs the' wemnd. 

The dorsal apjiaratus consists of freeui live- to seven spine's joined 
togethe'r by a. me'inlirane*, which is adhe're'iit almost to the'ir tips. 
Each bai'b has a (h‘e']i double' channel, the' two grooves of which 
join teiwards the' base' of IIk' S])in<'. and form a. conical s])ace, of 
which the' xvalls are* ceua-re'e! with ceils which se'crete the poison. 

Tlie hrst sym])toms are' ver\' sex'e'i'e' pain of a burning or lancinat- 
ing character. The -jiart the'ii tingle's and becomes painfully numb, 
and this may sjua'ael alemg the' limb, auvl a])i)e'ars to travel along 
the nerves, though the je)ints are particularly tendeu'. This is 
followed by palpitation, fe-ver. delirium, vomiting, and syncope. 
The are'a affected becomes swollen and inilamcd, and if neglected 
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may suj)puratc or cvon turn to gangrene. The symptoms may 
last from two to three hours to several days. 

The venom has hvcn studied by Gunther, Gressiu, Bottard, Briot, 
and Phisalix. It has also been studied by E\'ans, who. ;ifter 
washing the hsh, colk'cted it by means of an as('])tic hypodermic 
syringe, then dried it in vacuo, rt'diiced it to a line powder, and 
hnally dissolved it in normal saline or in wat(a-. He collected 
the poison from about 2,000 hsh. The venom is clear, trans- 
parent, and very slightly acid. Hypoch'rmically injected, it 
causes mortification and local paresis, necrosis, and luemorrhage. 
Intravenously injectc'd, it causes failure of tlu^ lu^art and respira- 
tory paralysis, associated with hrst a rise in the blood-pressure, 
which is follow'ed latei' by a marked fall. It also ajipears to have 
a luemolytic ellect, which is su])posed to be due to its amboC(‘])tors 
uniting with endocom}>iements (lecithin) in the red cell. It will 
thus be seen that the poison in some respects resembles snake- 
venom. The venom is lethal to hsh. frogs, and mammals, dims, 
0-015 gramme ol dried x’eiiom killed a frog, and o-02 gramme a 
mouse. 



According to Briot, who has succeeded in immuni/mg rabbits, 
tlu‘ venom contains a fernuait capable of digesting proteid. 

TracJiinus radiatus.- Polil has studied tlie poison of this hsh, 
and hnds that it stops the heart in diastole. The* effect of a.pihying 
the poison to the Ik ‘ art ol tin- Irog is to hrst ])roduce strong con- 
tractions, which gradually Ik'couu- weaker and weaker, until they 
cease and the h(\a.rt staruls still in diastoks The poison has, how- 
evc-r, no effect on skidetal muscle. 

Cotius . — The* genus Colins, widespread in the Nortlua'ii Hemi- 
sphere, possesses a poison apparatus which resembles that of the 
genus Trachinus, but is less developed, and consists of poison 
glands lying in culs-de-sac in the opercular spines. The cells of the 
gland only secrede* th(^ venom during the* s])awning se-ason, from 
November to the end of January. 

Callionymtis . — In Callionynius th(‘ o])erculum terminates in three 
conical spines like a trident, and in addition possesses another spine 
directed upwards, and these are supplied in the spawning season 
with a small quantity of venom from the gill membrane, which, 
according to Bottard, has little effect on man. 
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ScorpcBfia scropha- -li\ this fish the poison apparatus is said to 
exist not merely in llie dorsal fin, but also in the operculum. 

in the dorsal fin, the first three rays, which project about one- 
third of th(‘ir h'ngtli beyond the membrane of the fin, are grooved 
posteriorly by thre{‘ channels, which are converted into canals b}/ 
a fine iiiembranc', and communicate with the poison gland. 

On the op('rciilum there an^ three small spines, of which the 
longest alone is connected with a ])oison gland. 

When handled incautiously, a poisoned wound may result from 
one of these poison s])ines entering tlu' skin. The action of the 
poison has been studied by l^ohl, J^runton, and Briot. Brunton 
describes, flu; elfects of the ])oison as being exactly the same as 
that of TracJiinus draco, and Bold thinks that the poison acts on 
the heart in tlu^ same manner as h(‘ descril>i*s for Trachinus. 


. X Tl 



]'1G. 29. — Cothi-, scorJ^iKs LiNNaziTs. 

(I'lnm Savtschenko*s ‘Atlas of Poisoiunis risli.’i 


On the otlaa hand, Briot thinks that it is quite' dilft'ient froju 
'J'raclii'iiiis, and that the cdfc'cls })roduced aiR' by se^condary infection 
of tlu' mechanical wound caused by the s]unes. Brunton’s descri])- 
tion of the syiu])toins in man might ])ossibly be due to Trachinus 
only, as Ik* dOc's not mention siiecilically whether it was Trachinus 
or Scorpania wliich atfe'cted the person. His experiments on 
animals with both tish appear, however, to have caused the same 
symptoms. He pressed the sitincs of the poison organs against 
tile hinddimb of a guinea-])ig or a rat. In a few minutes the 
animal began to stiff (.‘r ])ain and twitching in the injured limb, 
followc'd hy tieiiiors and contadsions (if disturbed), and later by 
death from collapse. 

Th(' dt'seription which he gives of the symptoms in human beings 
for eithc'r Scorpmia or Trachinus is given below, but reference to 
his original paper will, we think, convince the reader that he is 
really dealing with a Trachinus sting. 
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llie symx)toms of an attack may be descril)ed thus:- - 
A sharp prick is felt as the spine enters tht^ skin, and this is 
followed in a few minutes by burning and itching, which shortly 
become stabbing pains, increasing in violence and passing up th(' 
bmb. The sufferer now lies down and widthes and cries in agony, 
while sweat breaks out on his brow, and flashes of light pass in 
front of his eyes. He begins to fec‘1 a sensation of suffocation, and 
puts his hand to his throat and hc'art, while the pulse is ielt to be 
intermittent. Presently he loses sight of the bystanders, and in a 
little becomes delirious, crying out and suffering from convulsions. 
This condition may lead to collapse and death, or, after lasting 
several hours, may gradually subside; but the con\^ile.-cc'nc(‘ is 
slow, and the patient may take sc^veral monihs to rcaiovc'r. 



I'K.. ^o.— Scoi J)(£na diabolus CuviiiR and V ALENt.:iii:NN ks. 

(From Savlschenko's * Alias of Poisonous Fish.’) 

riu' local conditions show at first merely the prick of the p ne, 
l)ul the aperture' may be pigmented by the covering membrane 
already alluded to. The puncture does not lileed, but the; skin 
around for about inch is whiter than usual, and outside, this red- 
ness appears, but soon all the surrounding skin is rc'd, turning as 
time passes darker and darker, till it becomes black and oedematous. 
The prick now discharges fluid. In a day or so the affected area 
sloughs and separates, leaving a deep wmund. vSometimes a sf)read- 
ing gangrene ensues, which necessitates amputation. In milder 
cases the part remains painful and swollen for about three days 
before recovery. 

Pterois antennaia . — ^Ihe poison apparatus is connected with the 
dorsal hn, and is said to resemble that of the Scorpaenida'. 

Fdor filament osum.— In this fish the poison apparatus is con- 
nected with the dorsal fin, and resembles that of Pterois and Scor- 
pcena. With regard to Pelor japonicum Cu. and Val., Srheube says 
that he knew of a case in which a sting on the thumb resulted in 
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phlegmonous and gangrenous symptoms so severe that the arm 
had to be amputated. 

Acanih'HYUs luYid'iis. — AcanihiiYUs iuvidiis ])ossesses a 1)018011 
apparatus connected with t]i(‘ dorsal and anal fins like that of 
ScorpcEfia. 

ElusMobrancJiii.— Assocvdivd witli the poisonous hsh of the Tcle- 
ostet must he j)Jac(‘d thos(' ol ihe lildsviohviDiihii, of which the 
sting rays ("1 rygomciad and eagl(‘ rai^s (MyJiobatida?) alone produce 
toxic syni])loms by blows with th(‘ tail, which carries a spine. 
Theses Rays aii^ lonnd all over Ihe world, and we have received 
information as to tlafir effects from ])ersons who have been in 
British (luiann, in Australia,, and in Ceylon, in which island stings 
ar(‘ w(‘]j known on tlie west coast. ])articiilarly about Dutch Bay. 

Dr. Co'vaux lias studied iv^iys Irom the Orinoco, and has shown 
that their barbs are canalized and tlu^ canals connected with poison 
reservoirs. 'I'liis ])oison is said to be so severe as to bo able to kill 
a man in iorty-(aght hours. Die symptoms of Aciohaiis narinari, 
calk'd the Bishoj) ray, and of Trygon pasHnaca (from Japan), are 
viok'Tit iiain, a tendency to syncope, with locally a rapidly forming 
swelling, which soon becomes the seat of a violent inflammation 
and even at times gangrene. The symptoms of the sting, as 
observed by us in Ceylon, are local pain and swelling. The general 
symptoms arc* not severe. Trygon sephen and T. walga Miill. and 
lb'll, art' known in Indian waters. 

A kirge numix'r of these Tlasmohranchii havt' not got spt'ciid 
poistai glands, <'ind the venom must come from tlu' ordinary skin 
glands. 

Amphibia. 

Toads and salamandi'is have been celebrated for ages as venomous 
animals, the' })oison Ix'ing lound in their parotid glands and skin, 
in t(»at[s Ifiiust lias shown that tlu're art' two poisons- -(i) an 
acid, bufotalin, and (2) a ut'utra.l bt)dy, liulonin, the former bt'ing 
Iht' moH' acti^a‘. It is, as a. rule, scarcely toxic to man, only 
irritating tlu' mucous iiK'inbrant's. es])t'cially the ctuijunctiva ; but 
to small animals it is toxic. 

In salamantlers Zalesky and Jfiiust hav(' found two bodies, one an 
inorganic liase- salainandarin- and another an alkaloid — salaman- 
daridin; but this ])t)ison and the digitalis-like ])oison of Bert and 
Dulartrt' in frt)gs art' not of sufficient i)ractical interest to ct)ncern 
us here. 

Accortling tt) Vuli)ian and Caparelli, Triion cristafus (Laur) gives 
a crt'aniN' secretion from the glands of tlit' skin at timt'S which is 
pt)isonous to many animals, but the cliemicad nature of which is 
not known. 



REFERENCES 


241 


REFERENCES. 

Pisces. 

T 3 ottard (1889). Les Poissons Venimeux. Tln^se. Pans. 

Briot (1902 and 1904). Socicte de Biologic, p. 6 G(k 
Briot (1904). Journal dc Physiologic. Alarch. 

Calmette (1907). Lcs Vcnins. pp. ^>1-^27. English edition (i9<->^) trans- 
lated by Austen. 

CoRKE (1872). Archive do PJiysiologie. May (J865). Archives de Medecine 
Navale. February (1881). Ibid. January (r88i). 

Couti£:re (1899). Poissons Venimeux (‘t Poissons Veneneux. These. Paris. 
Cuvier et Valenciennes (1828-49). 1 listoire Nat. dcs Poissons. Paris. 

Diniz Gonsai ves, a. (1907). Gazeta M<‘ lica da Baliia, No. lo-ii. 

Dissard et Noit (1895). Socicte de Biologic, p. 86. 

Dunbar, BRUNTor: (1896). Lancet, ii. 600. 

Evans (1907). Observations on the Poisoned Spines of the Weever Pish 
[Tvachinus draco). British Medical journal, December r. 

Faust (1906). Derischen Giftc, p. i uj. 

Gressin (1884). These. Paris. 

Jordan (1905}. The Study of Fishes. London. 

Nogue (1897). Archives de Med. Naval., Ixviii. 439. 

Phisalix (1899). Bulletin Museum d'Hist. Nat. 

PoHL (1893). Prague Med. Woclien. (18). 31. 

Kho (1900). Malattie dei Paesi caldi. 

Roger (1895). Trait6 de Pathologic Generale, i. 75 l" 755 * 

Savtschenko (1886). Atlas d('s Poissons Venimeux. St. Petersburg. 
Vaughan and Now. Cellular Toxins, pp. 193-195- 
Wells (1907). Chemical Pathology, pp. 184-185. 


Amphibia. 

CA.LMETTE (1907). Lcs Veiiiiis, pp. 328-332. 

P'aust (1906). Die Ticrischen Gifte, p. 210. 
Wells (1906). Chemical Pathology, pp. 182-183. 



CHAPTER XVI 


VENOMOUS ANIMALS {concluded)— 
REPTILIA AND MAMMALIA 

RvpilUa: Ophidia- -I lislorital— Classification— Geographical distribution— 
'J’ho act ol striking- -The venom-- ITitry ol the venom into the body 
Mininnun lethal dose — Eliects of the venom— lixcretion of the poison 
^ Immniiity — Diagnosis- - Prognosis — Ireatment — Prophylaxis — 
Lacert i lia — M annnalia.— Keferences. 


REPTILIA, 

The Rcptilici include two gwoiijts wliicli tiro ot interest to medical 
mc‘11 in tlie trojiics — viz., the 0])]jidia and the Laceitilia, but the 
former is infinitely wore imp)ortaiit, as it includes the venomous 
snak('s. 

OPHIDIA. 

Definition,- Kepiilia v'itli limbs absent or vestigial; without 
movable c‘yelids, or c'ar oj)emiigs; with retractile elongated forked 
tongue, transw'Tsi' amis, pain'd eopulatory organs, and clastic liga- 
ment in ])hice ol synipliysis nK'Uti. 

Remarks.-^The bite of cc'rtain snakes causes o])hidismus, or snake 
jxhsoning. 

Historical. 

d'lie hisloiy' of the study of snake-bite; and their effects may be divided 
into thi ee })eriods ; — 

1. ITrjod of ancient theories. 

2. Period c)l one venom. 

j. Period of more. Ilian one venom. 

1 . Period of Ancient Theories. — The ancients were acquainted with a number 
of snakes, whicli they described under the terms Echis and Coluhra, but it 
is not known delinitely to what s])ecies these referred. Echidna wtxs a term 
used to denote the female' \iper. 

They were ac(]uainted with the main symptoms of a snake-bite-, and had 
many remedies, including tlu* tving of a ligature around the part, followed 
by cujiping afti-r scarification, and the administration of wine and theriac, 
the last mentioned being a celebrated reuneep- w'hich, among other substances 
contained the burnt body of the viper. Cclsus recommends tlie sucking of 
the wound, but onp^ if there are no ulcers on the gums, palate, and other 
parts of the mouth, 

2, Period of One Venom.— In i(>(>4 Kcdi studied the ctlects of viper-bites 
by experiments on animals, and Morse Charas, in 1OO9, noted the important 
fact that the blood of animals bitten by vipers was coagulated, and came to 
the conclusion that the symptoms and death were due to this coagulation. 
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In 1767 Abb6 Felix Fontana made a number of observations on animals 
bitten by vipers, and in 1796 Russell published an account of his experiments 
on Indian snakes. In 1821 Davy gave an acc ount of the effects on animals 
of the bites of three Ceylon snakes. 

In 1843 Prince Lucien Bonaparte published his important discovery that 
the venom of the adder contained an active substance, which he called viperine, 
or echidnine, capable of being precipitated by alcohol. 

In I <*^45 Brainard showed that if an animn dies at once after the bite of a 
rattlesnake, the blood will be found to be clotted, but if it lives for some 
time ii will be fluid. 

In 1 SoC) Weir Mitclieb laid the foundations of modern investigations into 
snake* \ 1 110m his classical paper on the poison of Crofalus duvissus. 

Ill 1807 Sir Joseyh Kayrer beg' n his work on Indian snakes, which resulted 
in the publication of his magmficenl atlas on the rhanatophidia of India 
in 1872, and several papers by himself and Sir Lauder Brunton in 1873-75. 

About the same time Vincent Richards juiblished some valuable remarks 
on snake poisons and their antidotes. 

In 1883 Wall wrote a most excellent little book on the coin brine and 
viperine snakes of India. 

in t88() appeared a most masterly paper by Weir Mitchell aruL Reichert, in 
which they state that the active ])rinciph\s are globulins and ])ei:)toncs 
(})roteoses). These researches indicating a proteid nature for the venom were 
confirmc'd by Wolfenden and Karlbach, and did iiway witli Gautier and 
Bly til’s ideas as to their alkaloidal nature. 

In 1892 Martin alone and with Smith studied the venom of Austi'alian 
snakes (Hoplocephalus and Pscudcchis), and concluded tliat the venom con- 
tained 'three proteids- -an albumin and two proteoses (proto and hetero), 
the latter, however, being alone virulent. 

In the meanwhile observers had not been backward in making attempts 
to find the physiological antidote .suggested by Weir Mitchell and Reichert, 
for in 1887 Scwall showed that by rejK'ated injet tions of the venom of Crotulus, 
])igeons could be gradually rendered resistant against strong doses of that 
poison; and a littie later Reichert ol>tained the same result with regard to 
the venom of the French viper. In 1892 ('almetle published the first of his 
celebrated scries of investigations, showing that su('cessive inoculations of 
heated venom jiroduccd in animals a certain degree of resistance to quantities 
of the poison otherwise surely fatal. Calnu'tte worked largely with the 
cobra, and produced in rabbits and guinea-pigs a true immunity. He further 
concluded that animals vaccinatecl against the cobra also withstood with 
impunity mortal doses of the \ enom of the vijier and other snakes {Bungarus, 
Cerastes, Naja haje, and Psevidechis) . 

Phisalix and Bertrand akso studied the c|uestion of obtaining an immunity 
against the bite of the viper. Fraser of Edinburgh, in 1895, confirmed these 
re.siilts of Calmette. Since then then* has not been the slightest doubt that 
Calmette’;^ serum is of the greatest value in certain cases, especially against 
cobra- venom. 

In 1881 permanganate of potash was recommended as an antidote by 
Professor de Lacerda, of Rio de Janeko, and by Badaloni in Italy in 1882-84, 
and lately this remedy has again been strongly recommended by Rogers, of 
Calcutta, and there appears to be no doubt as to its efficiency ; but the question 
cf remedies will be dealt with in theh proper place. 

It will thus be seen that at the close of this period there is a general belief 
that the venom of all snakes has virtually the same active jirinciples, which 
are thought to be proteids, and that, though they may diller in amount, and 
hence their effects be different, still, it is only a quantitative, and not a qualita- 
tive, difference; and, further, that one antivenene is effectual against all 
kinds of venom. 

3. Period o! more than One Venom. — The third period, extending up to the 
present, is that in which there is the conception that there are at least two 
definitely separate types of venom, one of which may be called the colubrine 
type, having as its example Naja tripudians : and the other the viperine type^ 
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which may be exemplified by the Vtpera russelhi. In addition, however, 
there are venoms which show characters belonging to both types. 

W’eir Mitchell alone and with Reichert indicated that there was a difference 
between viperine and coin brine poisons; and C. J. Martin, working on 
Pseudechis, a coin brine snake, discovered the intravascular clotting, and 
suggested that the sudden death caused by Vipera vussellii. might be due 
to this cause, which hypothesis Lamb and Hanna confirmed. 

The difference in th(' working of these two classes of venoms is still further 
accentuated by the researches of Rogers, and later by those of Lamb, which 
clearly prove that Cahnette’s antivenene will neutralize the colu brine, but 
not the viperine, venom. 

In 1902 a most valuable paper appeared, by Flcxner and Noguchi, showing 
that, in addition to the n euro tropic principles, the venom contained agglutinins 
for the erythi'ocytes and for the leucocytes which were probably identical, 
and lysins for erytlirocytes and leucocytes which were separate. 

They also pointed out that venom contained haemorrhagins, and lessened 
the bactericidal powers of the blood. I'hey showed that antivenene neu- 
tralizes venom by removing the haemolytic and antibacteriolytic actions. These 
results have been confirmed and extended by Kyes, Sachs, Lamb, and others. 

I'he ])osition at the ]U'csent time is that, though snake-venom is extremely 
complex, still, three kinds of venom may be recognized : — the coliibrine type, 
the viperine ty|)e, and the mixed type. In this last bothcolubrineand viperine 
types arc* re])resenle(l, but one is predominant. It is prol)able that the main 
ac tion of both type s is on the nervous system, but that other principles in the 
venom may mask this im})ortant action. 

With regard to treatment, there is no doubt as to the* value of Calmette’s 
serum in cobra-poisoning, and Lamb’s serum in cobra and Vipera russellii 
poisoning, though the old method of ligature and incision, together with the 
applic'ation of ])crmangan.'> (e of ))otash. is still the most practically usetul 
method of tre^atment. 


Classification. 

rile order ()])liidia includi'S a large number of families, of which 
only two ar(‘ of importanc(' to the tropical practitioner- — viz., Colu- 
bridic and Viperida?. 

FAMILY COLUBRll)^ BoULe.NfGEK, 

Definition.- Ophidia with cctopterygoids (transpalatincs) and 
supratemporals present with teeth in both jaws, but without coro- 
noids, while the prefrontals are not in contact with the nasal bones. 

The Colubridie are divided, in works on snake poisons, into the 
non- venomous and the venomous, and the latter are joined with 
the vipers to form a subclass of the order Ophidia called Thana- 
tophidia, or poisonous snakes; but this classification is by no means 
satisfactory, as will presently be shown. Then^ is no (‘xtiunal 
character, t*asily ascertainable, by means of which every poisonous 
snake can be recognized and distinguished from a harmless snake. All 
rules given to the contrary brc'ak down sooner or later, but the mouth 
can be opened and the ]>oisoii-fangs can usually be easily seen. 

The usual classilicatioii of the Colubridae is into three series: — 

I. Aglypha— Poisonous Colubridae possessing solid ungrooved 
teeth.- -The Aglypha are usually stated to be non-poisonous, but 
the observations of Pliisalix and Bertrand on Tropidonotus (sp. ?), 
and Alcock and Rogers on Z aments mucosus and Tropidonotus 
piscator, prove that the saliva of these species is poisonous to rats, 
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mice, and guinea-pigs. Thus hypodermic injections of the saliva of 
the two last-named snakes will cause convulsions and death from 


failure of respiration in rats and mice. 

Therefore the saliva, though it may not be known to have affected 
even a child, must be looked upon as poisonous, and the Aglypha 


must be grouped with the _ _ 

other ^Colubridae and the 

The Aglypha are divi- 

deid into three sub- / 

families : AcrochorJinae, 

Colubrinae f rat-snakes), 
and Dasypeltinae (African 
egg-eating snakes). 

Some of the important 

species are jyopidonotus l'i<^- 31. -Skull of Trolndonotus natrix 
nairix, the common Br i t isli u s . 

snake, and Coronella aus- All the teeth are solid, thei-e are no groov'ed 

triaca a rarr^ tnnnrl perforated fangs, hence the name Aglypha, 

c ' snake louncl saliva may be poisonous. Note the 

in vSouth hmgiand. length of the maxilla. 

Tropidonotus fasciatns 

is the North American water moccasin, Zamenis miicoms the Indian 


h'lG. 31.- -Skull of Tropidonotus natrix 
LiNNaiUs. 


All the teeth are solid, there are no grooved 
or perforated fangs, hence the name Aglypha, 
but the saliva may be poisonous. Note the 
length of the maxilla. 


rat-snake, and Dasypeltis scahra is the African egg-eating snake. 

2. Opisthoglypha- -Poisonous Colubridae with one or more of 
the hinder teeth of the upper jaw grooved.— Early last century 
there was a great controversy as to whether these snakes were 
poisonous or not, and it is generally stated nowadays that, though 

poisonous, their venom is 
weak, and that the posi- 
tion of tlie poison-fangs 
'at the back of the mouth 
prevents the bite from 
hurting man. Quelch has, 
however, recorded cases 
in which bites on the 



Fig. 32. — Skull of Ccelopeliis monspessulans lingers from Erythrolam- 
Hermann. prus cesculapii L. and 

Note the fangs in the rear of the upper jaw; Xenodon severus have 
hence the name Opisihoglvpha. These fangs caused severe infiamma- 
are grooved. 


The following list is given by Faust of those known to be poisonous 
to animals: Crdopeltis monspessulans Herm., Trimorphodonbiscutatus 
D. and B.. Tarhophis savignyi Descr., Dry op his prasinus Russl., and 
Leptodira annulata L. 

The Opisthoglypha are divided into three subfamilies: — 

(i) Dipsadomorphince- -Opisthoglyphida with well- dev eloped mouth, 
and nostrils situated at the side of the head— T\iQX include the Indian 
tree-snakes. 
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(2) ElachistodontincB — Opisthoglyphida with, rudimentary teeth on 
the palatine and pterygoid hones . — Their venom is said to be so 
weak and their poison-fangs so unfavourably situated that they 
are not to be considered as dangerous to man. They include the 
Indian egg-eating snakes. 

(3) Homalopsince — Opisthoglyphida with nostrils valvular and 
situated on the upper part 0] the snout. - 'flu'y are all water-snakes. 

3). Proteroglypha- Poisonous Colubridae with the front teeth in 
the upper jaw well developed to form fan s, and grooved anteriorly. 
The bases of these fangs are connected with ducts which lead from 
well-developed poison glands. — Those snakes are well known to 
bc‘ highly dangerous to man and animals. They are divided into 
three siibfamilic's- Elapinae and Hydro]:)hina\ 



Fig. 33. — Ski’ll ok Nctja tripudians Merkrim. 

Note tlu' })air of short rigidly aitaclu'd fangs situate in the front of the upper 
jaw; hc'uee the name Prolcroglyphn . d'hesc fangs are grooved. Note the 
shortening of the maxilla. 

Elapincc— Prater oglypha living on land, and possessing a cylindrical 
tail . — Among these are classt'd th(' cobras, whose proper name is 
col)ra-di-ca])ello — i.e., the snake with the hood, so called because, 
wlu'ii excitc'd, it expands tlu' skin behind the head by throwing 
outwards tlu' cervical ribs. 

Buddhists ri'gard tlu\s(‘ snake s with it'X'erence. bt'caust^ one with 
seven heads is said to hat'e ])lac('d its (‘Xpandt'd hoods over Buddha ’s 
head, and thus t(j have ])rotected him from tlu' glare of the mid- 
day sun. 

The genera of the Klapina^ (Boulenger) are; — Naja Laurent; pMi/^arus 
Daudin; Hcmihwigarus Piders; Callophis Gunther; Doliophis Girard; 
lioulengerina Dollo; Elapechis Boulenger; Aspidclaps Fitzinger; Walterin- 
ncsta Lataste; Daidraspts Sehlegcl; Ogtnodem ]\'ters; CEyphodoii Giinthcr; 
Pseudclaps Dum6ril and Bibron; Diemen ia Gray; Pseudechis Wagler; 
Denisonia Krctft; TropidecJii<i Giinthcr; Noterhis Boulenger; Rhinoploce- 
phahis V. 'MiiWcv, Brachyaspis Boulenger; Acavithophis Baudin; Elapognathns 
Bouhmger; JAiynchelaps Jan; I'urma Itiiineril and Bibron; Elaps Schneider; 
Sepedon Merrem; Micropechis Boulenger; Hoploccphahis Cuvier. 

Na'ja tripudians Merrem, the cobra with one spot, or a pair of 
spectacles on its hood, is common in India and Ceylon. N. hungarus 
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Schlegel., the king cobra, or hamadryad, is not so common, but is 
feared because of its size, and because it is said to attack people. 
N, haje L. is Cleopatra's asp, and is well known as a resident of 
Egypt and North Africa. N. regalis Schl., is found on the Gold 
Coast. N. nigricollis Reinhart is found on the Gold Coast and in 
Sierra Leone. 



Fig. 34 . — Naja tvipudians Merrem, 1781. The Cobra. 
Nolo the pair of spccteiclcs on the hood. 


The kraits are also included in this family, and dj:Q^:—Bungarus 
candidus L., the triu' krait, and B. fascialus Schn., the banded 
krait, with yellow and black bands, both of whicli are common in 



Fig. 35. — Side View 01- tjie Head oi' thic Coera. 

India, while B. ceylonims Gthr. is the carawalla of Ceylon. The 
Elapinae are the only poisonous snakes of Australia, and include 
Notechis scutatus Ptrs. and N, pseudechis, and Acanihophis ant- 
arcticus Shaw, the death adder, recognized by the spines on its tail. 
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Elaps corallinus Wied, the coral snake, with black and red bands 
separated by narrow rings of a yellow colour, is found in Columbia, 
British Guiana, Venezuela, and Brazil. 



Fig. ^j.—Bungarus ceylonicus Gunther. 

This is the Carawalla of Ceylon. 

The Sepedons are hooded snakes like cobras (Sepedon hcBniachatcs 
Lacep. of South Africa), and are supposed to throw their venom 



Fig. 37 . — Hydrus platurus Linnaeus. 

This is a typical sea-snake. Note the flattened spotted tail. 

SO far that there is a danger of it getting into the eyes of animals 
and human beings, and causing severe conjunctivitis. 
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None of these snakes are found in Europe or America. 
HydrophifKB — ProtevoglyphcB living in the sea, and possessing a 
flat tail. — ^These snakes can be seen swimming jiin families far out 
m the Indian Ocean, but are also found in all Eastern tropical seas. 



Fkt. — y i lycrti rn.csellii Sh.aw. 

'Jliis i.s Die Tic J’olonga of C>oyion. 

The genera of the H^T’drophinic (Boiilonger) iiw : - -Disteya Lacepecle:; Aca- 
lyptus Dum^ril and Bibron; Hydrophis ITiadin; .Enhydrina Gray; Hydrelaps 
Boulenger; Hydrus Schneider; Thalassophis Schmidt; Enhydvis Merrcm; 
Platurus Latreille; Aipysurus Lacepede. 

The best-studied species is Enhydrina valakadien Boie. Another 
species, Distera sernperi Garm., lives in fresh water in the Philippine 
Island^. It is, of course, dangerous to fishermen. 

FAMILY VIPKRlDdi l^oNAPAirnc, iB.jo. 

.Definition. — The vipers an^ characterized by their triangular head 
and their tubular poison-fangs (hence the name Solenogl^/pha), 
with are situated anteriorly in the mouth, and are provided with 
a wide foramen, i)icrcing the base anteriorly for conn(‘ction with 
the duct of the poison gland. They possess a stout body and short 
tail, and are all viviparous. 

The ViperidiE are divided into:- - 

Crotalinse Boulenger. — Vipers with a deep i)it, probably 
sensory in function, situated between the nostril and 
the ey(‘ on each side of the head. 

Viperinse Boulenger. ^ — Vipers without siicli a pit. 

Crotalinso. — ^The Octal irne include the rattlesnakes, so called 
because they have a number of horny rings which fit into one 
another at the end of the tail. 
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The genera of the Crotalinae (Bonlcnger) are : — Crotalus Linnaeus; Sislrums 
Garman; Ancistrodon Beauvois; Lachesis Daudin. 

There are two divisions of rattlesnakes in America — Crotalus and 
Sistrurus - — distinguished by the former having many small, and the 
latter only nine large, scales on th(^ top of the head. 

The ])est-known rattlesnakes are Crotalus hurridus L., C. scutu- 
laiiis Kenn, of l\'xas, C. conffueutus Say, of the Pacific, C. durissus 
T., and C. cerastes Hallow. 



Fir.. 30.- Skttll of Croiuhis liorridus Linn/fa's. 

Not(' that ill place of the Jong horizontal maxilla of the other three slrulls 
there is only a sma,ll v(‘rtical movable nnixilla. on each side of the anterior 
part of tlu' sknll. It can 1 h‘ recognized by carrying the enormously developed 
fang which is canalized and is virtually a hypodermic needle for the injection 
oi the ’’cimoin. .Note' the* reserve fangs, which should lie np against the sknll. 



Jdr. .jo. — Sjdf Viio\^ of tiif biKAD Fjr. 41. ICno of tuf Tail oi- 

or' A Fattlfsnakk { C . l / ori ' idMs ). C . horridits to show tuf Rattle. 

Other genera .'UX' A ucislrodon, with A iuustrodon piscivorus l.acep., 
the water moccasin, and A. conlortv'ix L., the copper-head; Lackcsis, 
\\\i]\ LacJicsis hniccolaius Lacep.,th(' celebrated fer-de lance ol Mar- 
tinique; L. anauiaUcnsis Othr. and Sistrurus, with Sistrurus ravus 
Cope and 5. miliarius L. 

Viperiras.- The true vipms include : Vipera hcrus J.., the adder 
of Kngland; Td russcllii Shaw, the handsome viper of India and 
( t'Vlon; Bitis arieiaus ]\ferr, , the pitiFr.dder of the Cold Coast; 
Cerastes cornuius Forskal, the horni'd viper of North Africa ; and 
Echis carinatus Schn., the viper of the Pyramids, called ‘ efa.’ 

d he genera of the Viiierin.T' (1 Vnilengei ) iwc — Vipeva Laurent; Causus 
Wagler; Idilis Gray; l\<;(udocirastc.s Bonlcnger; Cerastes Wagler; Echis 
Mcrrcin; Atheris Cope; Atraciaspis Smith. 
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Geographical Distribution. 

Asia, — ELAPiNiE; Naja iripudians, N. samarensis, N. bmigarns ; Bunganis 
fasciatus, B. candidus, B. ceylonicus ; Hemibungarus, Callophis, Doliophis. 

HYDROPHiNiE; Enhydrina valakadien, Hydrus platurus, Enhydris curtus, 
Hydrophis obscurus, and many others. 

ViPERiN^: Vipera herns, V. renardii, V. raddii, V. lebeiina, V . russellii ; 
Pseudocerastes persicus ; Cerastes corniiins ; Echis carinaius. 

Crotalin;e: Ancistrodon halys, A. himalayanus, A. hypnalc, and others; 
Lachesis flavovlridis, L. sumalramis, L. hovneensis , etc. 

Africa. — Elapin.e: Naja haje, N. flava, N. melanoleiica, N. nigvicollis, N. 
anhietcB, N.goldii ; Sepedon hcemachates ; BouLengerina siormsi : Elapechis guen- 
theri, etc.; Aspldelaps scutatus, Waltcrinnesia cegyptlca, Dendraspis viridis, (dc. 

ViPERiNiE: Causus rhomheatus, etc.; Vipira ammodytes, etc.; Bitis avieians, 
B. cornuta, B. gahonica, B. caudaJis, B. atropos, B, nasicornis, B. peringtieyi , 

B. inovnaia ; Cerastes covnutus, Echis carinata, AtJieris chlovccJiis, Atractaspis 
congica, etc. 

Australia and Oceania.- -Elapin/e: Ogmodon vitianus ; Glyphodon tvisiis : 
Pseudelaps muellcri, etc.; Dicmenia psanunophis, etc,; JGritdechis porphyria- 
CHS, etc.; Denisonia superba, etc.; Micropcchis clapoidcs, Hoplocephalus 
variegatus, etc.; Tropidecdus carinata : Nvlcchis scutatus ; Jh'achvaspis curia : 
Elapognathus minor ; Acanihophis antarcticus, ]lhynchelaj>s australis ; Eurina 
calonota, etc. 

Hydrophinaz: Hydrus, Thalassophis, Jlydrelaps, Hydrophis, Disiera, Enhy- 
dvis, Enhydrina, Aipysurus ; Platurus. 

America. — Klapin^. : Elaps, many species; Micropechis elapoides : Ancis- 
irodon piscivorus, A. bilineatus, A. contortrix, Lachesis miitus, L. lanceolatus, 
and many others; Sistrurus miliar ins, S. cat natus, S. ravus : Crotaliis adaman- 
ieus, C. hovridus, C. confJuentus, C. atrox, C. Oregon us, C. cerastes, C. mitchelli, 

C. terri ficus, and others. 

The Act of Striking. 

The poison is st'crcted by glands, which are either inodihed upper 
labial glands or a pair of glands occupying the sides of the head 
behind the eyes, and which are the honiologiies of the parotid gland 
of other animals. (An account of the structure of the glands can 
be found in ‘ Spolia Zt'ylanica/ IQ13.) The duct usually begins as 
a rccejitaclc which runs th(‘ whole length of the gland. Tliis 
receptacle is of importancts as it enabk's the n^ptih' to store the 
venom. Into this rece])ta.ck‘ the smalk'r ducts of tlu‘ gland open, 
and from it the main duct runs foidvard just above tlu' line of the 
lip, to a [)oint below the c\c. It is now bemt backwards, and ends 
on a small papilla on the anterior wall of tlu' sheath of mucous 
membrane, whicli embraces tli(‘ base of the fang. 

Weir Mitchell describes a sphincter muscle of reddish appearance, 
and composed of non-striated muscle, on tlu‘ conrs(‘ of tlu' duct of 
Cndalus, but no such sphinctf*r has be.eii described ill the other 
snakes. 

The poison from the duct cuthcr runs along a groove on the 
anterior surface of a long tooth called the fang, or else along a canal 
formed by the sides of the groove meeting and coalescing by the 
bending of the developing dentine. It should be clearly understood 
that the venom duct does not dinx'tly communicate with the groove 
or canal in tlie tooth, but ends close to it, the venom being con- 
ducted into the groove by a fold of mucous mtunbranc. The vipers 
have the longest fangs, measuring nearly i inch. 
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The poison-fang projects downwards and backwards in the closed 
mouth, being firmly attached to the alveolar process, and it is en- 
tirely due to the frec^ mobility of the cranial bones one on the other 
that the fang can be placed in such a position as to be able to enter 
the skin of the victim. 

The act of striking, n.s described by Weir Mitchell in Crotalus, 
is as follows: In prei)aring to strike, the snake first of all throws 
itself into its well-known characteristic attitude, with the lower 
part of the body cafiled, the tail slightly projecting, and the head 
raised a few indues. 

The tongue now darts backwards and forwards, and the air of 
expiration, in passing through the narrow glottis, produces the 
characteristic hissing. The muscles on the convexity of the coils 
now conticict and straighten the snake, so that the head is thrust 
suddenly Ti])wards, forwards, or downwards, as required. The 
maximum thrust is half of tlie body-length, the usual one-third; 
but the r(‘j>tile judges this for itself, and sometimes makes mistakes. 
The jaws are widc'ly separat(‘d, and the head is bent back on the 
cervical vertebra', and a muscle called th(‘ s])ht‘no-pterygoid, which, 
passijig from tlu^ basal orbito-sphenoid region Ixrckwards, to be 
ins('rted into the inner dorsal surface' of the ])t(irygoid, contracts, 
and draws forward the pterygoid, thus pushing upwards the ecto- 
])tc'rygoid (transversum), and causing the superioj- maxillary bone 
to rotate forward on its lachrymal articulation, and tlius to erect 
the fang. Tin’s motion, when it iwaclies its limit, is checked 
ligaments, and now the lachr37mal yields a little to the force applied 
to the maxilla, with the result that the whole muzzles of the snake 
is elevated, and i)roduc(‘s the curious appearance which it has 
when preparing to strikt\ The fang now enters the flesh of the 
victim, and the head of tlie snake is drawn violently backwards, 
too much action being ])rev(‘nt(‘d by the muscles of the spine. In 
the meanwliile the sph(‘no-j)terygoid, acting from the pterygoid, 
and together with the external i)terygoid, rotates the maxilla and 
pulls the fang backwards, and so drives it deeply into the flesh. 

The lower jaw now clost'S on the bitten part, and this act squeezes 
the fluids from all parts of the glands forward into the duct, and 
not meredy dec'pens the wound, but injects the venom forcibly 
into it. 

'rile snake then has to disentangle itself, and in so doing may 
lose its fang. But this is of no moment, for fangs are shed naturally, 
and there are a, number of tooth-gra'ms in difliaxnt stages of develo])- 
mi'nt ready to take the ])lac(^ of the lost tooth. 

Sometimes th(‘ fangs have not htnai ])roperly erected, and there- 
fore only their convex borders touch the skin of the victim, in 
which case tlu' venom will flow on to thi' skin, but the fangs will 
not pimetrate. 

The Venom. 

Collection. — The venom can be collected by making the snake 
strike a watchglass covered with a thin, tightly stretched piece of 
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indiarubber sheeting, or by chloroforming the snake and squeezing^ 
the poison out of the glands into a vessel. 

In order to preserve this venom, it must be quickly dried over 
calcium chloride or sulphuric acid in a desiccator, when it will keei) 
for years — c.g., Weir Mitchell kept his Crotalus venom for twenty- 
three years, and then found it active. 

Physical Characters.- — The quantity of the venom obtained 
depends upon many factors, such as the general condition and size 
of the snake, whether it has previously ejected venom, and whether 
it has been long in captivity — a condition in which the secretion 
diminishes. 

An adult cobra in good condition is said by Martin to give from 0*6 c.c. 
to i*r C.C., and ibis should yield from 200 to 370 milligrammes of solids. 
Calmette gives 124 milligrammes of liquid venom, yielding 35 milligrammes 
of dry venom for Naja haje Linnams. 

The water-snake, Enhydvina valakadien Boie, gives only 9*4 to 2*3 milli- 
grammes of dry venom, according to Rogers. 

A Vipera ynssellii Shaw gives from o*6 c.c, to i*o c.c. of liquid, which yields 
T50 to 250 milligrammes of solids. 

According to C. J. Martin, Notechis smtatus Ptrs. gives 20,5 milligrammes of 
liquid, containing 73 milligrammes of solids, Notechis pseudectis 160 milli- 
grammes of liquid and 94 milligrammes of solids. 

According to Calmette, Lachesis lanccolakts Lacep. gives 320 milligrammes 
of liquid venom, containing 127 mil]igramm(^s of solids. Cerastes corniitiis 
Forsk. from Egypt gave 123 milligrammes of licpud and 27 milligrammes of 
solids, and Crotalus confluentiis .Say gave 370 milligrammes of liquid and 
105 milligrammes of sohds; while Crotalus durissu^ L., according to Flexner 
and Noguchi, yields from 309 to T79 milligrammes of dry venom; and 
Ancistrodon piscivorus Lac-tq). from t8o to 125 milligrammes. 

The different venoms vary in pliysical characters, as may be 
judged by a few descriptions. 

Cobra-venom, when fresh, is a transparent, almost colourless 
fluid, with a syrupy consistence and a disagreeable bitter taste. 
When dried, it becomes yc^llowisli-brown, and may be kept for 
months. It can decompose and become of a dark browai colour, 
possessing a disagreeable odour. 

Crotalus- venom, according to Mitchell, may vary from a pale 
emerald-green to an orange or straw colour, and when dried re- 
sembles dried albumin. It has no taste or snK‘ll. 

The poison varies, being clear and limpid or pale straw or yellow 
in colour, which is said to vary with the degree of pigmentation 
of the snake and the concentration of the venom. The specific 
gravity varies from 1030 to 1044 (Weir Mitchell) lor Crotalus, 
mo for Cobra, and 1077 for Vipera riissellii. Microscopically, 
there may be only a few epithelial cells and salivary corpuscles 
and bacteria, all due to contamination with fluids from the mouth. 

Chemical Analysis. — ^The reaction of pure venom is acid. 

The ultimate analysis was made by Armstrong for Sir Joseph 
Fayrer, and is as follows: — 

Crude Dried Poison. 


Carbon . . 
Nitrogen. . 


• • 43*55 

• • 13*43 
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Carbon . . 

Alcoholic Extract. 

• • 45-76 

N itrogen . . 


• • 14-30 

Hydrogen 


6*6o 

Siilplnir . . 


2*50 

Ash 


Traces. 


These figures merely indicate the presence of proteid in some 
form, and, as a matter of fact, Armstrong found reactions indicating 
the pr(‘S(‘nce of albumin; but it must be remembered that Prince 
Charles Lnci(‘n Bonaparte had already shown that a proteid existed 
in the venom of the vi])er. and that the toxicity was carried down 
with this when ])recipitated, and, further, that Weir Mitchell had 
coiTol)ora,ted his statements while examining (Total us- venom. 

W('ir Mitch(‘ll and Reichert went further, and discovered tox- 
albumins of the nature of globulins (which must be considered to 
incliuU* tlu‘ uiore modern proteos(‘s) in vemom. They considered 
th(‘se protcTis, which they found to be poisonous, to be the true 
activi‘ ]u inci|)les of the venom. In this they have received support 
from Phisalix and Bertrand, who S('])arated from viper- venom two 
toxalbumins — (‘cliidin. which acts locally; and echitoxin, which 
acts generally- — and also from C. J. Martin and Smith, who showed 
that tlu‘ ])roteoses consist(‘d of proto- and heteroproteose, with 
})erhaps a. little deuteroproteosev, and that true peptones were 
a])sent. 

'J'lie read(‘r will, tluaa'fore, not b(‘ sur}>ris(^d to hear that venom 
gives proteid rea.ctions— e.g., Millon’s, the xantlioprott'ic and the 
biuret- and that precipitates appear on the addition of picric acid, 
copper suli)ha,tc', and alc^Tol, and on saturation with sodium 
chlorid(‘, m«agiiv*Mum chloridia or ammonium chloride, and, lastly, 
that it coagulates on heating. 

With regal'd to heat, it is found that \dperine \a‘noms more 
readily lose their toxicity than colubrine. — e.g., 8o^ to 85° C. will 
destroy most of the formiT vemoms, while it takes 120^ C. to do 
the same to those of the latter with certainty. 

If venom is only heated to the temperature of first coagulation, 
and then iiltcTed, it will b(‘ found that the filtrate still gives a 
precipitate with alcohol, and is still active, though its virulence 
is diminished, and that tliis action is mostly on the nervous 
system. 

The analysis of venom, however, do(‘s not stop with toxalbumins, 
for, as Ewing pointed out long ago, they contain true toxins allied 
to those produced by bacteria, and reccuitly Faust has separated 
from the toxalbumins a very poisonous non-nit rog('nous substance 
called ophiotoxin. 

Thejcnowledge of these toxins is princi])ally due to the \vork of 
Flexner and Noguclii on the venoms of Crotalus dtirisstis, A^icis- 
trodon piscivoriis, A. coniortrix, and Naja iripudians. 

The work of these investigators, coupled with that of C. J. 
Martin, Calmette, Lamb, Weir Mitchell, Reichert, Stewart, Rogers, 
and others,^have shown that snake-venoms are very complex liquids 
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containing some, but not in any one venom all, of the following 
active principles : — 

1. N eurotoxins. 

(1) Acting principally on the respiratory centre. 

(2) Acting principally on the vasomotor centre. 

(3) Acting upon nerve end-plates in striated muscle, par- 

ticularly on those of the phrenics. 

2. Agglutinins. 

3. Cytolysins. 

{a) Haemolysins. 

(h) Leucolysins. 

(c) Ha^morrhagins. 

(d) Other cytolysins. 

4. Antihcemolysins. 

5. Antibactericidal sith stances. 

6. A fibrin ferment. 

7. An anti fibrin ferment. 

8. A 'proteolytic ferment. 

9. A cardiac and vascular tonic. 

Of these principles, tlie most important are the iKairotoxins, tlie 
cytolysins, and the hbrin ferment. 

The analysis of the venom, according to Martin, may be effected by : 

(1) Dialyzing and hlt(‘ring the venom through a gelatin filter 
supported in the pores of a Pa.steur-Cha.mberland filter. Fibrin 
ferments and hcemorrhagins d ) not dialyze. 

(2) Heating from 70 ' to 100“ C., when some neurotoxins and 
some hcemolysins will not be affected. 

(3) Hie moly sins can be separated from neurotoxins by digestion 
with red blood cells mixed with stTum which has previously been 
heated to 56"" C. 

Neurotoxins and other cytolysins can be separated by the method 
of Flexner and Noguchi, which will be described later. It must be 
clearly understood that the venom of any one snake does not 
contain all these xninciples. 

I. Neurotoxins. — The neurotoxins are the most important 
active princij)les of the venom of many snakes, cspeciilly the 
colubrinc snakes. They have been studied in Ancistrodon con- 
tortrix by Flexner and Noguchi, who tested tin; anchoring power 
of the various tissues of the body for the principles in venom in 
the following manner:- -They took a definite weight of tissue 
washed in tepid, sterile, normal saline solution, and after triturat- 
ing it in a sterile mortar, mixed it in test-tubes with a given number 
of minimal lethal doses (M.L.D.) of the venom. The mixture, after 
being placed in a thermostat for one hour, was centrifugalized, 
and the supernatant fluid injc^cted into guinea-pigs. They first 
took 2 grammes of the organs, and mixed them with three times 
M.L.D. , calculating that after centrifugalizing there should be leF’ 
at least two M.L.D. 
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The results were as follows : — 

Control guinea-pig died in 45 minutes. 

Brain-injection guinea-pig died in 19 hours. 

Blood-injection guinea-pig died in 3 liours 50 minutes. 
Adrenals-injection guinea-pig died in 2 liours 35 minutes. 
Spl(^en-inj(‘ction guinea-pig died in 2 hours 10 minutes, 
l.iver-injection guinea -pig died in i hour 30 minutes. 
Kidncy-irij(‘ction guinea-pig died in i hour 55 minutes. 
Muscles-injection guinea-pig died in i hour 30 minutes. 

Next they tri(!d two M.L.D., with the following results: — 
Brain-injection guinea-pig survived. 

Blood-injection guinea-pig died in 28 hours. 

Liver-injection guinea-pig died in 19 hours. 

From t]ies(‘ expc^rimeiits thev conclude that snake-venom con- 
tains a iK'urotoxic principle, which is tlie chief poison, and which 
unites in nuilliple minimal doses with the nerve Cecils, but that, even 
if this cliief toxic j>rinciy)le be removed, there is still left sufficient 
Inemolysin to cause death.-y'!. • - 

This lu'urotoxic substance has been shown by Rogers in the 
cobra and the Hydro])hida‘ to attack the respiratory cerntre in the 
medulla, tlu‘ res])i rat ions Ix'coming both fewer in numb(jr and less 
in amiditude minute by minute, until they cc^ase if sufficiently large 
dosc'S are administma'd, but when smaller dos(‘S are given there is at 
first a tc'mporary stimulation. 

Further, he shows that the neurotoxic substance can paralyzt^ 
the end-plates of the phrenic nei'ves in the diaphragm shortly aftca' 
the failur(; of the respiratory cemtre in the medulla. 

The blood-pn!SSiire does not appear to be affected by the poison, 
and, in fact, the circulation can be k(‘pt going for a king time after 
cessation of breathing if artificial respiratiem is resorted to — a fact 
first shown by Brunt on and Fayrer. 

On tlu^ other hand, with regard to vipeiine snakes- e.g., Vipera 
rmscllii, Bids ariefaiis, Crotalus horridus, and Lachesis anamallcnsis 
— Rogers coiicludc'd that the niairotoxin acted upon the vasomotor 
centre in the medulla- a ])oint which was notixl by Weir Mitchell 
and Reichert as a cause of the variation of the blood-pressure in 
(T'otalus i)oisoning. 

There are thus sevcual ncuirotoxic elements in snake- venom, of 
which two great groups can at presimt be provisionally describ(;d: 

(1) Colubrine neiirotoxic element, acting upon thc^ — (i) Respira- 
tory centre in the medulla ; (2) the end -plates of the phnuic nerve. 

(2) Viperine neurotoxic ehuiieut, acting upon the vasomotor 
centre in the medulla. 

Kilvington has studied the effects of the venom of H oplocephalus 
curtus Glint her (Brachyaspis curia Sclilcg.) on nerve cells, and 
found that the nerve cells of the central part of the cervical enlarge- 
ment showed a breaking-up of the Nissl granules into a fine dust- 
like deposit. The micleiis may become indistinct, but it remains 
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in the centre of the cell. The cells are unequally attacked. Those 
around the central canal are most severely injured, while the 
motor cells are little affected. In sudden death no change is noted. 
He says that the character of the changes are of the same order 
as those described by Marinesco as toxic degeneration, and are 
very like those following the fatal dose of abrin. Inflammatory 
and vascular changes are absent. 

As to the cause of this cytolysis, it would appear from the re- 
searches of Flexner and Noguchi that it is probably due to the 
union of an cndocomplement (capable of being neutralized by 
calcium chloride, and therefore not. lecithin) in the nerve cell with 
an amboceptor in the venom. This neurotoxin, according to 
Ehrlich’s denorpi nation, is neurotropic — i.e., unites only with nerve 
cells — and monotropic — i.e., has affinities for one tissue only. 

These facts have been demonstrated by Flexner and Noguchi in 
cobra-venom by first treating it with erythrocytes to remove the 
haemolysin, and then heating it to destroy the luernorrhagin, thus 
leaving only the neurotoxic principle to act on the animal. 

They found that after cerebral injection the appearance of the 
nervous symptoms was almost immediate, while with other methods 
of injection the development was more gradual. 

The first effect of the neurotoxin was irritation (convulsions), 
and the final paralysis. By cobra-venom, death was caused by 
respiratory paralysis. Intracerebral injection of a viperine venom 
like that of Crotalus, however, caused but slight symptoms. 

They further found that the venoms of Ancidrodon piscivorus 
Laccp. and A. contortrix L. occupied an intermediate position 
between tlie colubrine and viperine venoms, containing both neuro- 
toxins and luemolysins in considerable quantities. From these 
ex])eriments it was possible to classify venoms into the tliree classes 
given above. 

2. Agglutinins. — Agglutineition of the red cells was first de- 
scribed by Weir Mitchell and Reichert, and that of the leucocytes 
by Halford and Ralf. 

The reaction can be studied by adding a o-oi per cent, to 10 per 
cent, solution of dried venom in normal saline to washed corpuscles 
suspended in normal saline. 

The time required for agglutination depends upon the strength 
of the solution of venom, and the effect upon the corpuscles depends, 
upon whether they come together quickly or slowly. In the former 
case they are not damaged, while in the latter their shape is con- 
siderably altered. Agglutinins are destroyed by heating the venom 
to 75^-80^ C. 

The agglutinins for the red cells appear to be the same sub- 
stances as those for the white, and in both cases they appear to 
act prior to the cytolysis of the cells. 

3. The Cytolysins. — {a) Hcsmolysins . — Fontana many years ago 
noted that the blood of animals bitten by vipers was fluid , and Weir 
Mitchell and Reichert described the haemoglobin dissolving out of 

17 
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the agglutinated red corpuscles, which finally became invisible when 
treated with Crotalus-vcnom. Feoktistow showed that a 2 per 
cent, solution of the venom of Vi'pera herus destroyed red corpuscles 
in eighteen to twenty-four hours. Martin has demonstrated also 
that the venom of Pseudechis in o*i per cent, solution destroyed 
the red corpusch^. . 

Flexn(‘r and Noguchi showed that these haemolysins must be 
looked upon as amboceptors, wliich require a complement, and this 
they obtain in the bactericidal ])rinciplcs found in the serum of the 
victim. Hence, when t]icy join with the erythrocytes and the 
complement, they not merely produce haemolysis, but they take 
away the bactericidal powers from the blood. If, as was found to 
be the case in NecHirus, they are incapable of uniting with the 
complements, they are incapable of damaging the bactericidal 
properties of the serum; for it was found that haemolysis was but 
slightly produced in the blood of Ncciurus, and then only after 
long periods, and at the same time the serum of NccUtrus did 
not lose its bactericidal effects to Bacillus coh communis and 
B, typhosus. 

The haemolysins have been further studied by Kyes, who showed 
that in some animals the venom alone could haemolyze the washed 
red cells, whereas in others it could not do so until some fresh serum 
was added. In the first class came man, dog, rabbit, guinea-pig, 
and horse, and with reference to these Ik^ came to the conclusion 
that the comph iiKmt was contained in the red blood cell itself 
— i.e., was an eiulocomplement. In a further research with Sachs, 
he shows that this (‘ndocomplement is attached to the stroma of 
the red cells. Further, they conclude that it is the lecithin of the 
stroma which acts as the complement, and sujiport this by experi- 
ments showing that lecithin prepared from the yolk of an egg 
can act as a complement lor the vcaioni, and dissolve cells which 
are not affected by the venom alone. They look upon the 
fatty acid radical of the lecithin as being probably the active 
agent. 

In the second class -viz., those animals whose erythrocytes are 
not affected by venom alone without the presence of serum — come 
the ox, sheep, and the goat ; but Kyes found it very easy to produce 
solution by the addition of foreign sera — c.g., ox blood by venom 
and guinea-pig serum; sheep blood by venom and guinea-pig 
serum — which clearly showed that the venom was an amboceptor, 
and agreed with the results ol Flexner and Noguchi. 

Further, he showed that by heating the serum to 56° C. for half 
an hour this action was destroyed, but if heated to 65® C. for half 
an hour haemolysis took place. In other words, serum contained 
two possible complements: (i) free in the serum, and destroyed by 
heat; (2) only in heated serum. Kyes and Sachs consider (i) to be 
complements in the restricted sense of the term, and that there are 
differences in their workings from that of the lecithin complement. 
More recently, however, they have doubted this, and begun to 
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believe that tne serum merely frees the lecithin, which acts as the 
true complement. 

In (2) the lecithin, being free, is able to combine with the ambo- 
ceptor and cause the haemolysis. They further show that if a 
blood solution is heated to 62° C., it is inactivated, owing to the 
union at this temperature of the lecithin directly to the haemoglobin. 

They therefore came to the conclusion that the reason why there 
was a difference in the action of the venom on red cells was that in 
the first class — e.g., man, etc. — the lecithin was so loosely bound to 
the cell that it was available as a complement for the venom ambo- 
ceptor, whereas in the other cases it was more closely bound, and 
therefore was not available. 

Kyes then went a step further, and mixed 40 c.c. of a i per cent, 
solution of cobra-venom in a 0*75 per cent, salt solution, with 
20 c.c. of 20 per cent, solution of lecithin in chloroform, and then 
centrifugal ized the mixture. The result was the separation of 
chloroform and water into two layers; from the former the cobra- 
venom lecithin could be precipitated by the addition of pure ether. 
This body possc^ssed haemolytic but no ncurotoxic properties, which 
entirely remained in the water. Thus Kyes clearly supports the 
fact first pointed out by the late Dr. Myers that the neurotoxic 
and haemolytic actions are quite separate. 

This cobra-venom lecithin differs in many of its properties from 
cobra-venom and from lecithin — e.g., it is soluble in water, which 
lecithin is not ; it is soluble in alcohol, chloroform, and toluol, which 
the cobra -venom amboceptor is not. 

Kyes found that the lecithin was active with the blood cells of all 
the species he examined, and that the absolute quantity necessary 
for haemolysis was the same for the blood cells of different species. 
Thus lecithin corresponding to 0*003 milligramme of the dry cobra- 
venom was capable of haemolyzing i c.c. of a 5 per cent, suspension 
of the erythrocytes of guinea-pig, rabbit, man, or ox. 

The lecithide acts very quickly on the red cells (twenty-four times 
more quickly than the venom), which is due to the fact that no time 
is spent in developing the real toxic agent — i.e., the lecithide. 

The lecithide is not destroyed by heating to loo"^ C. for six hours, 
and is little affected by Calmette’s serum. 

Kyes went further, and studied the lecithides of — (1) Lachesis 
anamallensis Gunther; (2) L. lanceolatus Lacep.; (3) L. flavoviridis 
Hallow; (4) Crotalus durissus L.; (5) Vipera russellii Shaw (6) Naja 
bungarus Schleg.; (j)Bungarus candidus L.; (S) B . fusciatus ^hn. 

All these poisons, on the addition of sufficient lecithin, destroy 
blood cells, and, except in the first and the third, the absolute 
quantity of the poison is the same as that mentioned just 
above. 

That of Lachesis anamallensis Gunther is, however, twenty-five 
times weaker, and L. lanceolatus Lac^p. ten times weaker, this 
being due to the fact that the former forms only one-twenty-fifth 
and the latter one-tenth the usual quantity of lecithide. 
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Hence Kyes concludes that the haemolytic element of all snakes 
is an amboceptor possessed of a haptophore group for the erythro- 
cyte, and a toxophore group for lecithin, which contains the active 
element for the haemolysis. The haptophore group, however, 
probably differs in different poisons, for Lamb has shown that, 
while cobra-venom will unite with Calmette’s antitoxin, poison of 
Vipera russcUii will not. Bungarus and Na'ja bungarus act like 
the cobra, and Lachesis and Crotdhis do not. 

Noguchi investigat('d lecithin, and found it to be by no means 
an inert substance*, and, further, that certain oleic compounds and 
oleic acid itself would act as venom activators. 

He found that the addition of oleic acid or its soluble soaps to 
a non-activating scTum in the ratio which corresponds to the per- 
centages of fatty acids and soaps containc'd in some of the easily 
activating sera makes it highly active to venom. In the normal 
serum of a dog, however, he found that there was a lecithin com- 
])Ound acting like free lecithin. He further found that these two 
classes of activators could be differentiated from one another by 
calcium cliloride, which annulled the first group, but was powerless 
against the lecithide. Non-activating sera do not contain this 
lecithin compound, and other lecithides- lecith albumin — are 
powerless. 

When serum is heated, the non-coagulated portions contain a 
lecithin activator, as described by Kyes, which is identical with 
Chabrie’s albunion; but this does not exist preformed in unheated 
sera, and is due*, to the high temperature altering other proteid 
lecithides into albumon. 

He further found ovovitellin to be one of the best lecHhin proteid 
activators. He* finally came to fhe conclusion that the* reason why 
some red corpuscles (man, etc.) an* acted upon hy venom, while 
others (ox, <'tc.) are not, depends solely upon tlie amount of fatty 
acids, and ])tThaps also of soa])s and fats, contained in the cor- 
jniscles, to the stroma of which they are attached. They exist 
l)lenti fully in corpuscles easily affected, and in small amount in 
those not easily affected. 

The position at the present moiiieiil is, therefore, that snake- 
venom produces h.'emolysjs by its amboceptors uniting with com- 
plements contained in the sc'ra of the majority of mammals and 
birds investigated, and that tht‘se complements are fatty acids and 
soaps (belonging principally to the oleic series). 

Further, there are endocomplcments in the erythrocytes of certain 
species, and these are of the same nature as those in normal sera, 
and are attached to the stroma of the corpuscle. 

Finally, the reason why heated sera become active at high tem- 
peratures after losing their activity at lower temperatures is because 
of the conversion of the proteid lecithides into another form of 
lecithide called albumon, which is an activator. 

For the controversy between von Dungern, Coca, supported by 
Mainwaring on the one side and Kyes on the other, reference must 
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be made to the original papers given in our list at the end of this 
chapter. 

(6) The Leucolysins .- — ^Weir Mitchell and Reichert had noticed in 
their researches that the mobility of leucocytes absolutely ceased 
in crotalus poisoning. Martin studied this carefully with Pscu- 
dechis venom, and says that for the first fifteen minutes he could 
see no change in the white cells, but they exhibited no amoeboid 
movements. At the end of this time the nuclei in some of them 
were very distinct, as if fixed by acetic acid. They then became 
intensely granular, and soon began to swell, and their outlines to 
grow less distinct, until they disappeared, leaving only a small 
heap of granuh‘s. 

Flexner and Noguchi studi(‘d this phenomenon, and found that 
haicocytes with large coarse granules were most (]uickly aff(‘ct('d; 
next came the fine granular varieties; and last of all the lympho- 
cytes. They found cobra poison much more v^igorous than that 
of crotalus. As to the leucolysins, they provecl that they were 
separate, from the haemolysins by treating washed red corpuscles 
with copperhead venom until the supernatant fluid, after centri- 
fugalization, ceased to hav(^ any effect on red cells. This fluid was 
then brought into contact with leucocytes, when lysis without 
agglutination took place. If, however, washed leucocytes were 
treated first, the supernatant fluid was found to be actively haemo' 
lytic. They therefore concluded that the haemolysins were distinct 
from the leucolysins, but that the agglutinins were probably the 
same. 

We are not aware of further researches as to the nature of the 
leucolysins, though obviously such researches are required. 

(c) Hmnorrhagin . — Weir Mitchell and Reichert, by observing a 
mesentery moistened with crotalus-venom, came to the conclusion 
that the blood escaptxi from the. vessel owing to damage to the wall. 

Flexner and Noguchi found that by heating crotalus-venom to 
75'^’ C. for thirty minutes, this haemorrhagic power was lost, and 
along with it most of the toxicity, as ten or twenty M.L.D. were 
required to cause death with symptoms resembling cobra-venom. 
They conclude that this death must be due to the neurotoxic or 
haematoxic properties (haemolysins and agglutinins) in the venom, 
and that, as the latter can be eliminated without any apparent loss 
of toxicity, it must be due to the neurotoxins. 

The toxic principle lost by heating to 75° C., Flexner and Noguchi 
called haemorrhagin. They studied its action in the mesentery by 
injecting the venom into the peritoneal cavity, or placing a minute 
particle of the dried poison on the exposed mesentery, and then 
removing specimens, which they fixed in Zenker’s fluid, cut into 
sections, and stained with haematoxylin and eosin. They found 
that the extravasation of blood took place not by diapedesis, but 
through actual rents in the wails. These rents arc not simple 
ruptures, but are apparently due to a cytolytic action upon the 
endothelial cells of the capillaries and the walls of the small veins. 
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(d) Other Cytolysins and Noguchi have found that the 

amboceptors in venom can act upon a number of the cells of the 
body — e.g., liver, kidney, testicle, and ovaiy^ — causing lysis, the 
complement being probably either endocellular or in the lymph- 
stream. The nature of the complement is, however, quite unknown 
at present, but is probably different from the complement acting 
on the red cells, as its activity is destroyed by heating to 6o® C. for 
some time. The histological effects of these toxins can be noted 
particularly in the microscopical appearances in the liver and 
kidney. The liver shows necrosis and fatty degeneration of its 
cells, and, as a reactionary process, leucocytic infiltration around 
the bile-passages. In the kidney, the glomemli show intense con- 
gestion of their capillaries, often associated with ruptures of their 
walls and haemorrhage into Bowman’s capsule. The cells of the 
tubules are necrotic and detached, filling the lumen. The whole 
organ is congested, and there may be interstitial haemorrhages. 
The spleen is but slightly affected. 

4. Antih^molysins.^ — W eir Mitchell and Stewart have shown 
that if crotalus-vcnom is added to red corpuscles in a certain 
degree of concentration, no haemolysis takes place. This fact has 
been confirmed by Myers and Stephens for the cobra, and Lamb 
for Viper a russellii. 

Noguchi b(‘li('ves that the action is due to venom having the 
power in certain cases of precipitating the outer layer of the haemo- 
globin, while in other cases this does not take place. 

5. Antibactkricidal Sui^sTANCES. — Weir Mitclu^ll drew atten- 
tion to the fact that bodies of animals dead from crotalus poisoning 
rapidly decomposed, while Ewing found that the normal germicidal 
power of the serum was destroyed — a fact confirmed by Martin. 

Elexner and Noguchi also investigated this action, and came to 
the conclusion that : — 

(1) All venoms, when used in suitable quantities, destroy the 
bactericidal properties of many normal sera. 

(2) The manner of this destruction consists in the fixation of the 
serum complements by the venoms. 

(3) Venoms have no action upon the intermediary bodies of the 
serum. 

6. Fibrin Ferment. — A fibrin ferment has been shown by Martin 
to be present in the venoms of the viperidse and also of some of the 
colubridae. In the former it is the active agent which causes the 
vascular clotting in small animals, with convulsions and sudden 
death. This coagulative substance has been shown by Barratt to 
be a thrombin. 

7. Antifibrin Ferment.— A n antifibrin ferment— that is to 
say, a substance which in minute quantities is able to prevent the 
coagulation of the blood — is found in cobra and allied venoms. 

8. Proteolytic Ferment.— V enom contains a body of some 
description, probably a ferment, which is capable of transforming 
proteid. 
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Thus, Mitchell and Reichert long ago showed that muscle-fibres 
at the site of the bite were quickly softened by crotalus-venom, 
and Flexncr and Noguchi have shown that gelatin is liquefied by 
both crotalus- and cobra- venoms, but that coagulated proteids are 
not acted upon. Microscopically the muscular fibres at the site 
of the bite are seen to have undergone necrosis and degenera- 
tion, and later a polymorphonuclear leucocytic infiltration may be 
noted. 

9. Cardiac and Vascular Tonic — Sir Lauder Brunton and Sir 
Joseph Fayrer showed that the poisons of the cobra had a stimulant 
effect on the heart, and that the circulation could be kept going 
for a long time after complete failure of breatning if artificial 
respiration is kept up- -a fact of considerable importance if any 
antidotal treatment is available. 

It is not clear whether this is due to direct action on the muscles 
of the heart, but it appears from Rogers’ experiments that the 
effect on the bloodvessels is due to local action on the arterioles. 
This effect is produced by the cobra and Vipera russellii venom. 

Entry of the Venom into the Body, 

The poison, the characters of which have been described, is intro- 
duced into the body of man or that of an animal usually by the 
snake biting the skin and injecting the poison either subcutaneously 
or into a vessel. In the former case it will soon reach the blood- 
stream, and be distributed to the different parts of the body. 

The effect of entry into a bloodvessel is to produce immediately 
the signs of the poisoning, whereas in the subcutaneous tissue it 
may take some time, and even be modified, especially in the viperine 
type. 

The quantity injected by a cobra, according to Acton and 
Knowles, during the first strike, is 0*172 gramme {i.e., of total 
venom in gland) ; during the second 0*1215; after which it steadily 
diminishes until it is not fatal to man (probably) about the seventh 
or eighth strike. Eebis injects of total venom during first 
strike. 

If the venom falls on the conjunctiva it is readily absorbed, and 
symptoms of poisoning will ensue, or an acute inflammation be 
set up. 

Taken by the mouth, the venom of the colubridae is harmless, 
provided there are no cracks or abrasions, and is destroyed by the 
saliva and pancreatic juice. Viperine venom, on the other hand, 
causes gastritis, gastro- intestinal hsemorrhage, and even death, 
without the appearance of the usual symptoms, a fact known to 
the natives of Ceylon with regard to the venom of Vipera russellii. 

Minimum Lethal Dose (M.L.D.). 

The minimum lethal dose varies with the species of snake, the 
condition of the snake, and with the species of the victim. 
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Tables are given by Calmette, and Martin and Lamb, showing 
the amount for different snakes and animals. Thus, the quantity 
of cobra-venom required to kill a kilogramme of a dog is o-ooo8 
gramme, and of a rabbit 0-0005; and that of Bimgarus candidm 
for a rabbit is o-ooo8 gramme, and that of Enhydrina valakadien 
for a rabbit is 0-00006 gramme, while the same for a cat is 0*0002. 
Putting it in another way, i gramme of cobra-venom will kill 
1,250 kilogrammes in weight of a dog, 2,000 of rabbit, 2,500 of 
guinea-pig, 1,500 of rat, and 8,333 mouse, and 20,000 grammes 
of horse. 

Calmette^ cakulates that, taking u man of average- size, the 
minimum lethal dose might be halfway between the dog and the 
horse — i.e., would be- 0*015 gramme of cobra-venom^ — and i gramme 
will kill 10,000 kilogrammes of man, or 165 persons of the weight 
of 60 kilogrammes; but, of course, this is only a very approximate 
guess. Lamb calculate-s the M.L.D. for man to be 0-015 gramme 
of cobra-venom, and Fraser puts tlu- same at 0-031 gramme, while 
other authors give cobra M.L.D. for man o-oio gramme and echis 
M.L.D. the same hgure. 

Lamb givc-s a number of minimum lethal doses for snakes cal- 
culated per kilogramme of rabbit and injc-ctc-d intravenously, which 
are: — 

Bvingavus canciidus . . . . . . 0*00004 gramme. 

Enhydrina valakadien . . . . 0*00005 ,, 

Vipera russcllii . . . . . . o*oooi ,, 

Naja tri])udians and N. bunganis . . 0*00035 

Jiungarus fasciatns . . , . . . 0*0007 ,, 

Effects of the Venom. 

The effc'cts of tlu- venom havc^ been carefully studied on warm 
and cold blooded animuls by many observers for a long series of 
years, but there is a distinct difference in the- action of different 
kinds of venom, and therefore it is as well to discuss the effect of 
each separately. 

In doing this it will be noted that it is difficult to obtain un- 
doubted casi-s of bites by delinitely known snakes in man, and 
even when these are obtained the urgent necessity for treatment 
causes the symptoms to be little noted. Therefore it is necessary 
to detail first the c-xperiments on animals, and then the symptoms 
found in man. 

Coluhrine Wenom — Naja tripudians Merrem. — ^The experiments of 
numerous observers show that the effects of this venom on animals 
are ; — ■ 

1. Paralysis of voluntary movement. 

2. Salivation. 

3. Marked effect on the respiration, which ceases before the heart. 

In smaller quantities the paralysis becomes more marked, and 

in cases of longer duration several features are added : — 

1. Local inflammation where the bite was inflicted. 

2. Lachrymation. 
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3. Mucous discharges from the nose, respiratory organs, and 
stomach. 

4. Very occasionally the mucous discharges are stained with 
blood. 

Beyond obvious pain, the local effects are engorgement of the 
vessels with blood, and effusion into the tissues. If the animal 
recovers, there may be suppuration and sloughing of the affected 
part. The effects on the nervous system seem to be due to the 
action of the poison on the brain and sj:>inal cord, and pari passu 
on the motor nerve endings. The most evident paralysis is that 
of the tongue, larynx, and pharynx, as evinced by the inability 
to retain the saliva within the mouth, to move tlie tongue, or to 
swallow. This is due to the action of the poison on the medulla. 

There is also, as indicated above, clear evidence of action upon 
the respiratory centre, which has been carefully studied by Wall 
and others, who show that in large doses there is a progressive slow- 
ing, and in smaller doses first acceleration and tlum slowing of the 
respirations. There appears to be but little effect upon the heart 
and circulation or temperature. 

The effect on the blood in causing haemolysis was first demon- 
strated by Cunningham, who considered it the main feature. Not 
merely are the corpuscles dissolved, but the coagulability is re- 
duced, and hence the blood-staining of the tissues and the urine 
in experiments on animals, provided that artificial respiration is 
kept up. 

The effects of the venom on man are local pain in the neighbour- 
hood of the bite, which appears as two small punctures about f inch 
apart, usually exuding a blood-stained fluid. Th(^ pain increases in 
severity, and spreads up the limb on to the body. In a short time 
the victim feels intoxicated, and presently loses control of his legs, 
which become paralyzed, as may other muscles, including those of 
the jaw. There is often profuse salivation, and inability to speak 
or swallow. The pulse and respirations increase for a time, and 
then the breathing becomes slower, and death occurs from failure 
of the respiration, while the heart continues to beat for a short 
time after the respirations have ceased. 

If recovery takes place, the urgent symptoms abate, some slight 
fever and local swelling occurs, while a large amount of urine is 
passed. 

. When exarnined post mortem, it will be found that the rigor 
mortis is well marked, while the blood is fluid in man, but coagulated 
in animals. If the corpuscles are examined soon after death, no 
change will be noted, but later they alter, and blood-crystals, 
indicating haemolysis, may form. The parotids may be swollen. 
The brain is normal, but the pia mater is gorged with blood. The 
muscles are often of a dirty red colour. The lungs in human beings 
are generally congested, and the bronchi and smaller tubes filled 
with thin frothy fluid and intensely congested. Particles of food 
or remedies are to be found in the air-tubes because of the paralysis 
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of the larynx. The right heart is distended with blood. The liver 
is congested and dark. The kidneys may be normal or intensely 
congested. The intestines show nothing in particular. The bladder 
is contracted 

Microscopically, latty degeneration of the liver and kidney, and 
necrosis of hepatic and renal epithelium, are to be seen, as well as 
round-celled infiltration along bile-ducts, which is probably due to 
excretion of poison. 

Turning now to the colubrinc snakes, which resemble the cobra, 
there are observations upon Naja haje, N. bungarus, Bungarus 
candidus B. fasciatus, and the HydrophidcB . 

Naja haje Linnaeus. — Calmette records that Dr. Dcschamps 
observed a case of this bite in Senegal in which th(‘ snake bit the 
]3atient in the forehead. Almost immediately great weakness, 
accompanied by nausea and pains in the heael and neck, set in. 
Locally two raised areas were seen, around wliich the tissue was 
oedema tons. Cold sweats occurred. The oedema spread to the 
face, dyspnma appeared, and the jnilse became small and inter- 
mi ttc'iit, paralysis set in, and the patient became comatose, but 
recovered on treatment with antivenene. 

Naja bungarus Schlegel. — N . bungarus, the hamadryad, is by far 
th(i biggest of the Indian j^oisonous snakes. Rogers finds its 
venom very like tliat of the cobra, producing paralysis and death 
from failure of respiration, while the heart continues to beat for a 
time. 

There is no intravascular clotting, and the haemolytic action is 
very slight, but the phrenic nerve-plates are paralyzed. If small 
doses are given, the respirations are increased. 

We are not acquainted with the symptoms exhibited by an 
undoubted case of this bite in a human being. 

Bungarus candidus lannaeus, — As to B. candidus L., the com- 
monest of all Indian snakes, there is not much to say, except that 
all researches (Fayrer, Wall, and Rogers) indicate that its venom 
is almost exactly the same as that of the cobra, but is slightly 
more virulent. 

Cases of this bite are common. In brief, the symptoms are : — a 
sense of tightness across the chest, with paralysis, particularly of 
the muscles of the face, deglutition, and phonation. The con- 
junctivae e.rc suffused, the pupils dilated, the pulse and re spirations 
quickened; the tcmperatuie is normal, and the local signs are not 
marked. 

Coma and convulsions pn‘cede death, which is due to failure of 
respiration. Congestion of the meninges and brain and liquid blood 
are the principal signs found post mortem. 

Bungarus ceylonicus (Gunther).— B. ceylonicus, the Ceylon krait 
or carawalla, has been reported by Green to have killed a man in 
twelve hours. The man was bitten on the left foot at 4 a.m., and 
felt quite well till 5.30 a.m., when he felt drowsiness, which in- 
creased till 10 a.m., when he could hardly swallow and was very 
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sick. Paralysis affected his legs, and he became cold. Artificial 
respiration was now resorted to, but at 2 p.m. he became very 
feverish and insensible, and died at 4 p.m. 

Bungarus fasciatus Schneider. — ^The effects of the poison of 
B.fasciatus have been carefully studied by Wall, Lamb, and Rogers. 

In acute cases death takes place quickly from failure of respira- 
tion; the blood is coagulated, and there is paralysis, and sometimes 
convulsions. 

Chronic cases, on the other hand, last for days, during which 
there is loss of weight and emaciation, and perhaps some paralysis. 

Microscopical examination of the cortex of the brain, medulla, 
and spinal cord shows diffuse chromatolysis, affecting a very con- 
siderable portion of the ganglion cells, being most marked in the 
cortex, next in the cord, least in the medulla. The cells show a 
rather deeply stained plasma, in which are scattered dust-like 
granules, the remnants of the Nissl bodies; many cells show vacuo- 
lation of the plasma, and some are reduced to mere outlines (ghost 
cells). 

Rogers' experiments tend to show that (ven in injecting large 
doses the blood may not clot, and that the animal may be killed, 
as in cobra-venom, by direct action of the poison on the respiratory 
centre, and also on the nerve-endings of the phrenics, so that the 
venom appears to be a mixture of a viperine with a colubrine 
poison. 

The only authentic cas(‘ of human poisoning by B. fasciatus is 
mentioned by Fayrer, in which there was tingling sensation and 
later pain at the seat of the punctures, with some swelling, all of 
which disappeared in less than twenty- four hours. 

Australian Snakes.- symptoms produced by the bite of the 
Elapinae in Australia are local swelling and pain, followed in from 
fifteen minutes to two hours by constitutional symptoms. The 
patient becomes unable to stand, signs of prostration, accompanied 
by vomiting, appear. The circulation begins to fail, the heart’s 
action becomes weak, the extremities cold, and the skin blanched, 
while the respiration, after a preliminary excitation, becomes 
slowed. Coma now intervenes, the sensations being diminished 
and the pupils dilated, and death results from failure of the respira- 
tion, preceded sometimes by convulsions. The heart continues to 
beat alter the circulation has ceased. 

Flaps fulvius, the harlequin snake, which is found in the eastern 
parts of the Southern United States, causes great local pain, fol- 
lowed in one hour by drowsiness, unconsciousness, and collapse, 
lasting until death, or for a day or so if the patient recovers. Death 
usually ensues in about twenty-four hours after a bite, and in 
persons tending to recovery the danger of death is not escaped until 
three to four days have passed away, as the symptoms tend to 
recur periodically. 

Spitting Snakes. — ^The known spitting snakes — i.e., snakes which 
can project their venom to a distance — are Sepedon hcsmochates, 
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Naja flava, and N. nigricollis, N. inpudtans hchis canmta, with 
perhaps the addition oi Naja melanoleuca Mid 

it is possible that further observations will show that nil the Colu- 
brida; and Viperidre have this power to a greater or Icssci extent. 
Of course tlie action is not spittmg in the correct sense of the word, 
but mirely iirojection of venom, which causes conjunctivitis il it 
enters the (wes, and a saltish tast<‘ if it enters the mouth. 

The Hydrophida-.—Koi’i-is exiierimcnted with Enhydnna yala- 
kadie,nliok'. Dislera cyanocincla Daud., ami Hydrophis cantoris (ithr., 
and came to tlie conclusion that their venom only differed from 
that of the colira in the following points: 

1. 71 icy were more toxic. 

2 . J lu'V W(‘r(‘ iiHicli l(‘ss ll^CjlK)]yli(^ and lienee caused no lilood- 
stained (itusion at tlie site of the injccti n. 

3. They did not affect th(^ coagulability of the blood; therefori‘ 
lh(‘ poison is almost punly neurotoxic. 

Idiere is at first an excitation of the nervous system, h'ading to 
a feeling of activity and vivacity, whicli, however, soon passes off. 
Idle c^arliest signs of distress begin with difficulty of articulation 
and leading of stitincss in the body and of suffocation. The stiffness 
in the; muscles increases, and occasional spasms occur, while signs 
of gastric irritation, with vomiting, appear. Convulsions and death 
may ensue after a day or so. The local signs may be slight. 

Viperine Venom. — Vipera russcMii Shaw, the lie polonga of 
C'eylon, is a good example of this type of venom. Wall’s experi- 
uumts show that a dog bitten by one of these vipers will become 
convulstid, and die within five minutes. The cause cf this sudden 
death has been shown by Rogers to be intravascular clotting, which 
is best marked in the portal vein, and then only in small animals. 
Tost mortem, thc'rc^ are hamiorrhages into the area of the lute, and 
into kidnc'Y a.nd intestine. 

In addition to these; acute cas(‘s, there are also chronic cases, in 


vliich tlu' local symptoms are more or k'ss extensive subcutaneous 
hcTinorrhages, around which there is much oedema. This luemor- 
rhagt‘ may bc‘ absorbed, or the area may slough, or an abscess, or 
(wen a sprc'ading gangrene, may ensue. 

Tlu; general symptoms are rapid emaciation, profound anaemia 
and lethargy, and in some cases haematuria and a discharge of Idood 
from the bowel. 

Rogers has carefully iin^estigated these symptoms, and has 
pointed out tliat there is a remarkable fall of blood -pnessurc due to 
vaso-dilatation of the portal system, caused by action of tlu; poison 
on the central, and not the i)eripheral vasomotor api)a,ratus, the 
heart muscle being unaffected. Lamb and Hann i showed that in 
chronic cases there is deficiency in the blood coagulability. 

In man there are the two small punctured wounds caused by the 
fangs, around which the skin is swollen and livid and painful, 7'he 
swelling and discoloration spreads, and in the course of twenty-four 
hours the patient becomes at first excited, with thready pulse and 
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hurried respirations, and later stuporous. The skin is clammy and 
covered with a cold sweat, while the swelling and discoloration 
spreads considerably, reaching the trunk. In due course convul- 
sions set in, and death ensues from failure of the circulation. The 
post-mortem reveals congestion of the meninges and lungs with 
fluid blood, and nothing else of importance. 

arietans . — The puff-adder poison was found by Rogers to 
work in much the same manner as that of Viper a russellii, but not 
to be so poisonous. 

Echis carinaia. -This is a very poisonous snake, and the effects 
of its bite resemble that of the cobra. 

Wall records a case in which tlien; was much local swelling, 
passage of blooH in the urine, faeces, and vomit, elevation of tem- 
perature, and death from exhaustion, due to loss of blood, on the 
ninth day. Martin and Lamb record another case in which there 
was much swelling of the bitten part, due to exudation of liquid 
blood. Pain and tenderness were felt along the nerves, together 
with anaesthesia, extreme restlessness, with cold and clammy ex- 
tremities, but no luemorrhages. Loss of consciousness, with de- 
lirium, set in only a short time before death, v^hich took place at 
the twenty-fifth hour. 

Fayrer gives a good account of a chronic case, in which there was 
depression and faintness, coldness of the extremities, with swelling 
of the affected part, and marked haemorrhages from eyes, gums, 
throat, nose, vagina, and under the nails. 

The CrotalidcB are typically represented by Croialus horridus of 
America, which has been carefully studied by Weir Mitchell and 
Reichert, and by Lachesis, which latter has been studied by Rogers 
in India. 

Croialus horridus . — The local effects are:- -cede iiia, swelling, dark- 
ening of the parts with infiltration of incoagulable blood, breaking 
down of the tissues, putrefaction, and sloughing. There is no clot- 
ting of the blood, which, on the other hand, is fluid and incoagulable. 
There is a marked fall of blood-pressure, and respiration gradually 
ceases, due to the failure of the circulation, but there is no direct 
effect on the respiratory cemtre, and the phrenics are not paralyzed. 
The heart goes on beating after respiration ceases, but is slightly 
weakened. Post-mortem examination shows haemorrhages into the 
peri- and endo-cardium, and into the peritoneum and pleura, but 
not in the brain or the medulla, while the whole portal system is 
much congested. 

Rogers placed a loop of small intestine in an oncometer, and found 
that fall of blood-pressure was associated with a Vciso-dilatation of 
the portal system, in which the blood was not clotted. This vaso- 
dilatation he considers may possibly be due to the action of the 
venom on the vasomotor centre in the medulla, and thinks that 
he is supported in his theory by the appearance of Traube-Hering 
curves in his blood-pressure tracings. Pearce notes acute glomeru- 
lar lesions due to the endothelialytic body. 
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Weir Mitchell and others have carefully collected the symptoms 
following this bite. In most instances the bite is painful, and 
the part becomes swollen and discoloured, while both the pain 
and the swelling increase steadily. The swelling is due to the 
effusion of blood. Very seldom is there any lymphangitis or 
enlargement of the lymphatic glands. Vesication, sloughing, and 
gangrene may result if lih^ is prolonged and the dose considerable. 
If, on the other hand, the amount of poison injected is inconsider- 
able, the swelling declines, and the pain disappears very quickly. 
Constitutional symptoms are said by some people to begin directly 
after the bite, but this is hardly likely, as man is a relatively large 
animal. Under exceptional circumstances it is recorded that the 
symptoms did not begin till about thirty minutes after the bite, 
but usually the length of time is only a few minutes. The person 
feels extremely faint, or compkiins that his lower limbs are not 
able to support him. There is no primary stimulating effect like 
that mentioned in other venoms. The i)atient staggers or falls, 
cold sweats bathe the surface of the skin, and nausea and vomiting 
occur. The pulse is rapid and feeble, the expression anxious, and, 
according to Mitchell, in a few cases the mind may be slightly dis- 
turbed, but this may be largely due to fear. If the patient does 
not die at this stage, the local symptoms mentioned above become 
very pronounced, and signs of general blood-poisoning show them- 
selves, and often lead to death. 

The post-mortem reveals that the brain is normal, but congested 
and somewhat oedematous; the trachea and bronchi are congested, 
and full of red frothy mucus; while the lungs are healthy, but 
somewhat congc'Sted. The peritoneum may contain a little fluid, 
and the mucosa of th(‘ stomach and small inte stines may be in- 
tensely congested and infiltrated with serum. In some cases the 
blood is coagulated, in some it is fluid. The local swelling is due 
to serous exudation. The chief features of the post-mortem are. 
vaso-dilatation of the portal system and fluidity of the blood. 

Lachesis , — ^This snake shows the same symptoms as Croialus, but 
it has some effect upon the respiratory centre, causing quickening 
of respiration before the slowing begins. The phrenics are not 
paralyzed. Moreover, it is possible that the first quick fail of 
blood-pressure observed is due to action of the poison on the heart, 
but the subsequent steady fall is due to the action on the vasomotor 
centres, as in Crotalus. 

Kitaj ima says that the region of the bite becomes dark purple 
in colour and swells ; that the pain is severe and burning ; and that 
the lymph glands become enlarged and tender. The face is pale, 
the ]>ulse feeble and rapid. Respiration is normal; a slight fever 
is not infrequent. Coldness of the extremities, with dyspnoea and 
cold sweats, come on just before death. Blood has been observed 
in the urine and faeces. 



IMMUNITY 


271 


Excretion of the Poison. 

It is believed that the poison leaves the body principally by the 
kidney, and to a less extent by the mucosa of the stomach, the 
salivary and mammary glands. 

With regard to the kidney, there is some direct proof of the 
excretion, because the urine of a dog poisoned by Enhydrina vala- 
kadien, when injected hypodermically into a pigeon, caused death 
in twenty-two hours. 

It is also stated thatli drachm of the saliva of a dog poisoned by 
a cobra was capable of causing death in two hours. 

With regard to excretion by the mammary glands, an infant is 
said to have died afler sucking the breast of a woman bitten by a 
poisonous snake. 

Immunity. 

Having considered the chemical composition and physiological 
action of the venom, the next point to be discussed is immunity to 
its action. 

Ancient and modern peoples have equally held the belief that a person who 
has been bitten by a poisonous snake and survived obtains some sort of 
immunity; generally the belief has been that this immunity is capable ol 
protecting the individual against all kinds of snakes. 

Ancient fables credited the Psylli of Africa, the Marsi of Italy, and Gouni 
of India, with immunity, on the ground that they had snake's blood in their 
veins. 

The pig was long thought to be naturally immune; but this is a mistake, 
for the relatively slight efiect of snake-venom is due to the presence of the 
thick layer of but slightly vascular fat which surrounds the animal's body. 
The mongoose {Herpestes ichneumon) is believed to be naturally immune to 
cobra-bite. 

Acquired immunity is said to occur among natives, especially snake- 
charmers, and Europeans who have been bitten several times by snakes. 
The Eisowy of Western Barbary are said to have acquired such an immunity, 
and to allow themselves to be bitten by snakes proved afterwards to be 
poisonous by killing a fowl. The natives of Bushrnanland, Namaqualand, 
and Damaraland are said to drink the venom of snakes as a protection. 
In Ceylon a cobra is said to have bitten a snake-charmer, and shortly after- 
wards a bystander. The snake-charmer escaped without symptoms, the 
bystander died. 

The first scientific attempt to produce an artificial immunity was made by 
Scwall in 1887, when by repeated small injections he raised the resistance of 
pigeons so high that they were able to resist ten times the minimum lethal 
dose of the venom of a Crotalus. Kanthack also produced a partial immunity 
to cobra- venom in 1891. Kaufmann, a little later, obtained a similar result 
with the French viper. 

In 1892 Calmette showed that by repeated inoculation of venom 
heated to 80° C. a certain amount of resistance was produced in 
animals. In 1894 he made researches on the venom of the cobra, 
and about the same time Phisalix and Bertrand investigated that 
of the viper, and showed that animals vaccinated with venom 
developed a true immunity, and those inoculated against the 
cobra-venom were able to resist mortal doses of Vipera, Bungarus, 
Cerastes, Naja haje, and Pseudechis venoms. Later they showed 
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that the serum of an animal vaccinated by snake-venom contained 
antitoxins capable of producing an immunity in new animals. 

Calmette obtained his serum from horses, but with great diffi- 
culty, as many of the animals died in the course of treatment from 
endocarditis and acute nephritis, while in others abscesses formed. 

He found that in a fresh horse 0-025 gramme of cobra-venom 
was sufficient to kill the animal in twelve to twenty-four hours, 
but on vaccinating the animals for sixteen months, it was found 
that a horse could stand without reaction the injection of 2 grammes 
of cobra-venom- i.e., eighty times the M.L.D. 

From such a horse it was found possible to withdraw as much as 
20 litres of blood in three bleedings spread over ten days, the serum 
being considered to be n-ady for use when i c.c. mixed with o-ooi 
gramme of cobra-venom produced no sign of intoxication when 
injected subcutaneously into a rablht, and when, after injecting 
2 c.c. of the serum into a rabbit of 2 kilogrammes weight, two 
hours later i milligramme of venom could ])e injected without 
results. This serum was said to preserve intact its antitoxic value 
in all climates. 'Flu* venoin us(‘d for these injections was principally 
that of the cobra, with a slight admixture of other venoms. 

In 1895-96 Fraser of Edinburgh confirmed Calmette’s results, and 
believed that if an animal was so successfully vaccinated that it 
could resist tlie minimum lethal dose of one venom, it would also 
be able to resist that of other venoms. He believed that venom 
introduced into the stomach conferred immunity. 

In 1897 C. J. Martin showed that Calmette’s serum did not 
]">resei*ve animals against the venom of Nolechrs scniaUis. 

From 1901 onwards Lamb in India studit'd carefully the cdfects 
of snake-venoms, and came to the conclusion that Calmette’s serum 
is acti\a' against cobra -venom, but is not useful against that of 
]' iff era russellii, Bmiganis fascialus, or of Echis carinains. 

In 1902 Tidswell showed that serum prepanxl from the venom 
of Notechis scuiaius did not neutralize the venoms of the cobra, 
BriHj^arus fasciatus, or Viper a russcllii, and, further, had no effect 
on th(‘ venoms of tin.' brown and black snakes and death-addcT of 
Australia. 

In the same yt'ar Lamb pointed out that there was a precipitin 
lu venom-immune sera, and this point being further investigated by 
Hunter, the deduction was made that these precipitins were sjx'cihc, 
and due to the coagulable proteids. 

The following pure sera have been prepared : — 

1. LamEs Pure Naja triptidians Mcrrem Serum. — This serum 
is strongly antitoxic for cobra - venom, and in large doses for 
Euliydrina valakadien Boie, but has no effect ui>on Bungarus can- 
didus L., Brachyaspis curia Schleg., Echis carinatus Schn., Lac he sis 
gramineus Shaw, Vipera russellii Sheiw. 

It delays death in Bungarus fasciatus Schn., Naja hungarus 
Schleg., ( rotalus durissus L. 

2, Lamb* s Pure Vipera russellii Shaw Serum, — This serum 
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neutralizes the venom of Vipera russellii and CrotaUis dunssus, but 
has no action upon — Colubridae: Naja tripudians Merrcm, N . hun- 
gams Sell leg., Btmgarus candidus L., fasciatMs Schn., Enhydrina 
valakadien Boie; Viperidae: Echis carinaUts vSehn., Lachesis gramineiis 
Shaw. 

3. TidswelVs Pure Notcchis scuta/ us Ptrs. Serum. — This serum 
has a strong antitoxic effect upon tlu; venom of Noiochis scutatus, 
but has no effect upon that of — ColubridfC: Naja tripudians Merrein, 
N. hungarus Schleg., Bungariis candidus L., B. fasciaius Sclm., 
Enhydrina valakadien Boie; Viperidae: Vipera russellii Shaw, Echis 
carinatus Sclm., Lachesis gramineus Shaw, Crotalus dttrissus L. 

4. Noguchi's Pure Crotalus Serum. — It has a strong effect upon 
Crotalus venom, and a slight effect upon Ancisirodon piscivorus 
Lacep., and none on the cobra. 

5. Noguchi's Pure A ncisirodon piscivorus Lacejx Scrum. — This has 
a marked effect upon moccasin- venom, and medium effect upon 
Crotalus, and none on cobra-venom. 

6. Brazil's Pure Crotalus horridus L. Serum. — -This serum is 
equally efficient for the venoms of Crotalus horridus or C. durissus, 
but is useless for cobra-venom. 

I'he Caracas Commission n^^orts that this scrum is more ciffica- 
cious against the venom of Crotalus than that of Calmette, which 
fails to neutralize the ha^morrhagins. 

7. Kitajima' s Pure Lachesis flavoviridis Hallow Serum. — This 
sc'rum is specihe for Lachesis venom, against whicJi Calmette's 
serum is useless. 

It is clear that the antisera mentioned above are very nearly 
speciiic, for they neutraliz(‘ principally the venom of the species 
employed, and sometimes, in larger doses, that of some allied 
species. 

It is obvious that this is of great importance in considering the 
serum treatment of snake-bite. 

8. Polyvalent Sera. — Polyvalent sera prepared for more than two 
venoms are not very efficacious. 

Diagnosis. 

It might be thought that the diagnosis of snake-bite would be 
obvious, and that nothing need be written on the subject, but this 
is not always so, because snake-bite often takes jilace in the dark, 
and the nature of the snak(‘ is unknown. 

The diagnosis may be divided into two heads: — -(i) Has a snake 
bitten the person ? (2) Was the snake a i)oisonous one ? 

The first thing to do is to tie a proximal ligature on the lirno, 
and then to examine the area of the supiaosed bite. If there are 
absolutely no fang-marks and no venom on the skin, then obviously 
there is no danger; but fang-marks on the skin, or venom on mucous 
Tm mbranes (which, of course, may have cracks), or on skin with 
scratches, may be dangerous. 

If there are no fang-marks, and the snake is forthcoming, examine 
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it to see whether it is poisonous or not, especially to see whether 
there are fangs, and if non-poisonous, the patient's mind can be 
relieved at once. 

Prognosis. 

It appears that only a relatively small percentage of persons 
bitten by snakes (supposed to be poisonous) die. C. J. Martin and 
Lamb place it about 30 per cent., but much depends upon the 
quantity of venom injected and the rapidity with which syniptoms 
develop. The recoveries from full doses of echis-venom in un- 
treated cases is about 40 per cent., and of cobra-venom only 3 to 
4 per cent. Personally, we believe that in most cases if treatment 
lias been prompt, and the symptoms appear slowly, the outlook is 
by no means hopeless. 

Treatment. 

Snake-poisoning consists in the hypodermic or intravascular 
injciction of a series of poisonous principles which act chiefly upon 
the nervous system and the blood. 

The virulence of the poisoning dei>ends upon the ratio of the 
quantity of the poison injected to the size of the animal. The 
same quantity of poison will therefore have a more serious effect 
upon a child than upon an adult. The less the quantity of poison 
which gets into the general circulation, the less the symx>toms; 
hence the flrst indication for treatment is to prevent the passage 
of the ])oison, as far as possible, into the circulation. 

Tli(“ second indication for treatment is to neutralize the poison 
which has got into the system, and the third indication is to treat 
special sym]^toms as they appear. 

I. Prevent the Poison getting into the General Circulation. — In 
ord(‘r to prevent the poison getting into the general circulation, 
three points must be attended to : — 

(1) Stoxii>age of the flow of blood and lymph from the 

affected area. 

(2) Free opening of the poisoned area. 

(3) The neutralization of the poison locally. 

(i) Stoppage of the Flow of Blood and Lymph from the Affected 
Area.- — A person is usually bitten in the arm or leg, and in such a 
case the old treatment advised by Celsus should be carried out by 
applying a tight ligature round the affected limb on the proximal 
side of the wound, so as to compress the blood and lymphatic vessels. 
In order to do this successfully, the ligature must be aj^plied to the 
arm or the thigh — i.e., where there is one bone — and not the fore- 
arm or leg. 

Such a ligature cannot be left in position indefinitely, otherwise 
gangrene will result ; and after some attempts at neutralization of 
the poison have been made, it must be loosened for a couple of 
seconds and reapplied, and this must be repeated. It must be kept 
on for at least twenty or thirty minutes. 
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The advantages of the ligature or tourniquet have been known 
since ancient times, but C. J. Martin has shown that its principal 
action with colubrine poison is not merely to delay the absorption 
of the poison, but also to give time for any already absorbed to be 
excreted. In the viperine poisons, which coagulate the blood by 
fibrin ferment, it is most beneficial; for the blood, in coagulating 
locally, retains the poison, which therefore but slowly passes into 
the general circulation, and may, as Martin and Lamb suggest, 
unite with the cells near the bite. 

There is therefore no doubt that the correct immediate treatment 
in a bite due to any kind of poisonous snake on a limb is the applica- 
tion of a proximal tourniquet. 

(2) Free OperJng into the Poisoned Area . — It will be obvious that 
the two minute punctures caused by the fangs are not sufficiently 
large openings into the area of the bite for the application of anti- 
dotes. 

Therefore the next step is to cut, not merely round the apertures 
of the fangs, but also to extend the incision along the course of the 
veins and lymphatics, and in some cases to remove the piece 
of skin marked out. In this way the area of inoculation is 
freely opened. 

{3) Neutralization of the Poison Locally. — ^The next indication is 
to diminish the toxicity of the poison as much as possible, and to 
do this the best remedy we at present possess is permanganate of 
potash,_\ho\xg\i recent laboratory experiments have thrown some 
doubt upon its efficacy. 

This should be used ir^. strong solution, and not as a solid, as the 
liquid penetrates better into the interslices oF the wound, which 
should be well washed with it. For carrying out this treatment a 
most useful little case has been devised containing a little lancet for 
making the wound, and permanganate crystals for making a solu- 
tion. This little case only costs a few pence, and can be carried 
without any inconvenience in the waistcoat pocket, and therefore 
should be carried by everyone in countries where poisonous snakes 
abound, especially when on business or pleasure in jungles or grassy 
places. Should there be no water available to make a solution, 
then the crystals can be rubbed into the wound. 

If the bite is on the head or trunk, the incision should be made 
as above, and the resulting wound thoroughly soaked with per- 
manganate of potash solution (3 per cent.). The subcutaneous 
tissue must be freely opened, othen\dse the permanganate may be 
prevented from doing its work properly. 

The after-treatment should be boric fomentations, frequently 
repeated at first; but if there is no marked swelling of the part, 
these may be gradually, not quickly, diminished in number, and 
finally a mild antiseptic dressing should be applied until the wound 
heals. 

2. Neutralization of the Poison in the System. — We have already 
endeavoured to impress on the reader the following facts : — 
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(1) The specificity of snake-venom. 

(2) The inutility of an antiserum prepared for one venom 


against 


another venom. , . , . . • i 

It now remains to consider these subjects fiom a practical point 


of view. , . , 

The serum most readily obtained is Calmette s, in 20 c.c. and 
50 c.c. ]>hia]s standardiz(‘d against cobra and Vfpera russellii 
W'uoms, and prepared by the immunization of horses against these 
venoms! as well as those of Bungarm (krait) and Enhydrina (sea- 
snake). ' Kidiable sera are also prepared by the Indian Pasteur 
Institute of Kasanli for the venoms of the cobra and Russelhs viper. 

All th('S(‘ sera, unfortunately, deteriorate quickly unless kept in 
a dark and cool plac(\ and, further, must be used in large doses, 
for (;ven udum fresh, i c.c. will only neutralize i milligramme of 
cobra-venom. A healthy cobra when it bites may inject from 250 
to 350 milligrammes of venom, of which the minimum lethal dose 
may estimated at 15 to 17-5 milligrammes for a person weighing 
()0 to 70 kilogrammes; therefore at least 350 c.c. of the antivenene 
must be injected intravenously, or ten to twenty times that amount 
must be injected subcutaneously — i.e.y from 3,500 to 7,000 c.c. 

The antivenene, of course, will succeed in much smaller doses 


if a small quantity of V(mom has been injected, and will fail if the 
quantity be large. Therefore the obvious indication is to begin 
with 100 c.c. of antivenene, injected hy]>odermically, or far better 
intravenously, and to repeat this several times if necessary. The 
tecliniquc fo?‘ the intravenous injection is as follows: — 

Nw all-glass syringa^ should be carefully sterilized by boiling, and 
tlu‘ skin over llu* vedn must be cleansed wita i in 40 carbolic and 
with absolute alcohol; a band should be tied round the arm, so 
that the vein shows up clearly, and the needle should be ir sorted 
with tlu' a])ertur(' }X)iiiting jmoximally — f.c., towards the heart — 
and should be felt Iree in the vein. The ligature should then be 
removed and the serum slowly injected. On removal of the needle, 
an antiseptic pad and bandage should be applied. 

If, on tlu' other hand, the species of snake which inflicted the 
wound is known, and the particular serum for that animars venom 
happens to be available in good condition, then it should be used 
intravenously. 

3. Treatment of Special Symptoms - (i) Failure of the Resyira- 
Z/a;/. - The experiment.-^ of Ihiyrer, Brunton, and Rogers seem I0 
indicate that in cases of poisoning due to cobra and sea-snake 
venoms artificial respiration should be resorted to when natural 
inspiration is failing and medical aid or remedies are being sent for. 

(2) L allure of Circulahon. Tn poisoning due to viper-venoms, 
which produce, according to Rogers, a paralysis of the central vaso- 
motor centre, he recommends that - 


(rt.) A binder should be applied to the abdomen and bandages to 
the Ic^gs, so that as much blood as possible may be available for 
maintaining the circulation of the brain and medulla. 



OTHERUIETHODS OF TREATMENT 


277 


(b) That hypodermic injections of adrenalin be used to constrict 
the peripheral vessels and to stimulate the vasomotor centre. 

In both colubrine and viperine poisons it is obvious that the cir- 
culation should also be maintained by the applications of warmth, 
by stimulants, either alcoholic or ammoniacal, or by strychnine 
h3rpodermically . 

Summary. — i. Apply proximal ligature. 

2. Freely open the cellular tissue in the vicinity of the bite. 

3. Wash the wound well with a strong solution of permanganate 
of potash (3 per cent.), or apply crystals. 

4. Inject 100 c.c. of fresh antivenene intravenously. 

5. Artificial respiration, if necessary. 

6. Keep up the circulation by binders to abdomen, bandages to 
legs, stimulants, and hypodermic injections of strychnine. 

Other Methods of Treatment. 

other methods of treatment which may be briefly mentioned arc: — 

Snake-Stones. — The cure which is strongly believed in by the native is the 
snake-stone. These stones are smooth, highly polished, very light, black 
bodies, said to consist of calcined animal bone soaked several times with blood, 
and calcined after each soaking. It is easy to understand that these stones are 
very hygroscopic, and when applied to a wound, cling tightly, and suck up 
fluids, and perhaps some poison. There are supposed to be three kinds of 
stones: — (i) Those composed of burnt bone; (2) those composed of chalk; 
(3) those composed of burnt vegetal substance. Of these three only the first 
is considered of value. 

The method of use is as follows: — Puncture the wounds of the snake-bite 
slightly, and apply the stone, which adheres for about two minutes, and 
should then drop off into a vessel of water, after which it should be dried by 
a cloth, and applied again to the wound, when it will adhere for about a 
minute. It should be applied a third time. During application the limb 
should be rubbed towards the stone. The stones are used principally in India 
and Ceylon, but they arc also known in Mexico as ‘ piedra ponsona.’ It is 
hardly necessary to say that from the days of Redi it has been shown how 
useless these stones are. 

Exorcism of the poison by shouting charmed verses is used in India. 
Numerous plants, seeds, earth moistened with urine, etc., have been extolled 
as cures. 

Ammonia. — Of all the old remedies ammonia has lived the longest, and it 
is almost incredible that Fontana settled the question as to its lack of utility 
by his experiments on vij)ers more than 130 years ago. Whether given by 
the mouth, injected subcutaneously, or into a vein, it is useless, except as a 
stimulant, when it is certainly of no more use than alcohol. Fayrer has shown 
that if liquor ammonise is mixed in more than equal parts with venom, it docs 
not destroy the poison. 

Oils. — It is extraordinary how the remedies of the Middle Ages are clung 
to, and oil is still used, though known to be useless since the days of Morgagni. 

Strychnine. — Many years ago Duncan recommended strychnine as a remedy 
for East Indian snake-bites. Recently Muller of Victoria, Australia, has 
strongly recommended the hypodermic injection of this drug. He says that 
never less than grain is to be used, and this must be increased in urgent 
cases to if, or J, and repeated every fifteen or twenty minutes, until the symp- 
toms of snake-poisoning arc removed. If a fang has perforated a vein, ne 
recommends intravenous injection instead of subcutaneous. The patient 
must be watched for twenty-four hours after the disappearance of tne last 
symptoms, in order to combat a sudden relapse. Colonel Duke, in 1895, 
highly recommends this remedy. 
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Anenie. — Arsenic is principally famous as the Tanjore 
to contain white arsenic and many oth^ substances, but is q erains of 

Iodine— Brainard’s remedy was the injection of a solution of 'O ^ 

iodine and 30 grains of iodide of potassium, dis^Ived in I ounce of water, and 
probably owed its reputation to its caustic action. 

Bromine was at one time considered a specific. , . , , ^ 

Caustics— Fontana strongly advised caustics, which he considered to De 
useful, but long experience has shown their inutility. 

StimuJants— Brandy and whisky have been repeatedly vaunted, and so 
have .sinapisms, warmth to the precordial region, and electricity along tnc 
spine, but all these arc useless. 

Energetic Movements. — Energetic movements, such as walking the patient 
about, flogging him, pinching him, have been advised, but are contra-indicated , 
as tending to exhaustion and to hasten the end. 


Prophylaxis. 

In the tropics Europeans and better-class natives seldom suffer 
from snake-bite, because they do not sleep on the ground, in the 
open or in small huts, like the lower-class native. Among the 
latter, however, any prophylaxis is difficult in regions such as 
India, because they reverence the cobra, and encourage it to take 
up its abode in their huts. 

Gardens should be kept free from jungle or long grass, and 
gratings should be placed on the drains from bath-rooms, as snakes 
have often been found in these rooms. 

Good strong boots and the puttee pattern of legging should be 
worn when going shooting or into the jungle. A lantern should 
be used when walking after dark, and tlie small permanganate case 
already mentioned should be carried in the waistcoat pocket in case 
of accidents. 


LACERTILIA. 

FAMILY HELODERMIDiE Gray, 1838. 

Sy no ny m. — H elod erm atidee 1*1 1 z , J 8 4 3 . 

In the Helodermidre there arc two celebrated lizards-— He/orfef'Wfl horvidum 
Wiegmann and H. suspect um Cope — which were placed by Siimichrast in 
the family Varanidae, and though this may be disputed, still, it is probable 
that they are allied closely to that family. 

GENUS HELODERMA Wiegnnuni. 183.1. 

Heloderma horridum Wiegmann, 1834. 

Synonym. — 1 rachyderma horridum Wiegm., 1829. 

This lizard lives exclusively in Mexico in the hot zone wliich extends from 
the western slope of the Cordilleras to the Pacific. It inhabits the hot, dry 
districts of Jamiltepec, Jncliitan, and Tehuantepec, where it lives in holes 
dug at the roots of trees or under vegetable d6bris. It is called * escorpion ’ 
by the Creoles, and * tala-chini * by the Zapotec Indians; and in 1651 Fer- 
nandez says it was called * acastetepon ’ by the Mexicans. 

When irritated, there escapes from its mouth a white, glutinous fluid, which 
is secreted by the large salivary glands. Its bite is much dreaded by the 
natives, who say that ill-effects are produced thereby and by eating its flesh. 
It may reach to a length of nearly five feet when old. We are not aware of 
observations on the bite or venom of this reptile. 
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Heloderma saspeetnm Cope, 1869. 

Cope gave the lizard the name suspectum, because he suspected that its 
bite would be found to be poisonous. This lizard is found in the United 
States---in Arizona, Texas, Utah, New Mexico, and Southern California — 
where it is called the ' gila monster.' The poison apparatus consists of 
glands under the lower jaw and teeth in that jaw. 

The poison gland in this species lies on either side of the lower jaw, and 
from its mesial aspect four ducts pass upwards, each towards its opening on 
the outer surface of the mandible, through which it passes obliquely upwards 
and inwards, to end at the base of a tooth near the termination of a groove. 

The upper teeth are also grooved, but Schufeldt failed to find any gland 
wherewith they could be supplied with poison. 

There appears to be no doubt as to the poisonous nature of the secretion 
from the glands above mentioned, for Bonberger records that a bite in the 
leg of a guinea-pig caused convulsions and death in three minutes. 

Venom. — The venom was obtained by Mitchell and Reichert by making 
the lizard bite a saucer. It was found to be alkaline, with a weak smell, and 
to kill frogs, pigeons, and rabbits. 

The effects of gila poison have been most carefully investigated by Weir 
Mitchell and Reichert, and by Van Denburgh and Wight. 

The latter consider that it differs in no important respect from snake- 
venoms, causing death by acting rapidly upon the respiratory centre in the 
medulla, and causing paralysis of respiration. Its other actions are to first 
stimulate and then paralyze the heart by poisoning its muscular fibres. 
On inoculation, there is an immediate great fall of blood-pressure, but whether 
this is due to action on the vasomotor centre or not is not clearly known. 
There is a secondary gradual fall due to cardiac failure. The motor nerves 
and cells are not affected, but the sensory apparatus is at first rendered more 
irritable and then paralyzed . Coagulation of the blood is at first accelerated 
and then retarded, so that it may become incoagulable. Haemolysis may 
occur. Local signs are almost nil, as a rule a little oedema and slight extrava- 
sation being present. 

Symptoms. — Very severe pains radiating from the part, rapid swelling, 
faintness, profuse perspiration, may be noted. 

Treatment. — A proximal ligature should be applied if on a limb, and per- 
manganate of potash, 1-3 in 100, should be used to bathe the wound, which, 
finally, should be dressed aseptically. 

FAMILY LANTHANOTIDiE Steindachner, 1877. 

This family was formed for Lanthanotus Steindachner, 1877, which is the 
type genus. It is closely related to Helodermidae. 

Lanthanotus borneensis Steindachner, 1877. 

This lizard, which is closely allied to Heloderma, is suspected of being 
poisonous, but there are as yet no proofs of this, especially as the teeth are 
not grooved, and there is doubt as to the presence of poison glands. Its 
habitat is Borneo, but it requires reinvestigation, as but few specimens are 
known . 

MAMMALIA Linnaeus. 

The mammal suspected of causing poisoning is Ornithorhynchus paradoxus, 
belonging to the Monotremata. 

MONOTREMATA Bonaparte, 1837. 

Ornithorhynchus paradoxus Blumenbach. 1800. 

As is well known, the males of this animal, which is only found in Australia, 
have large spurs projecting backwards from their hind-limbs. Thesespursare 
hollow, and into them open the ducts of poison glands. The venom is an 
albuminous fluid containing albumoses. 
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Injected subcutaneously, it only causes local swelling and 
recovers in a few days. Injected intravenously, it causes fall in the bloo - 
pressure and death from respiratory failure. The heart ^ 

affected, but the blood in the venous system is found coagulated alter deatn, 
which takes place in twenty-five to thirty minutes, ihe venom Has no 

haemolytic or proteolytic action. , , , . a 

The difference between the slight effect of the subcutaneous and the serious 
effect of the intravenous injection is thought to be due to the fact that t e 
poison is but slowly absorbed. 

In a man who was stung on the hand the symptoms were very severe pai , 
swelling in the hand, which rapidly spread up the arm, difficulty in opening 
the mouth, cold sweats, with severe sickness. Recovery took place in a 
few days as far as the general symptoms were concerned, but it was several 
weeks before the hand quite recovered. 

The treatment has generally been ammonia, but the symptoms and the 
experiments point to a venom closely related to viperine poison, and we 
should recommend the proximal ligature and permanganate of potash m 
fact, the treatment advocated for snake-bite. 

O. paradc.xus is often called O. anatinus Shaw, 1799. 
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CHAPTER XVII 


PLASMODROMATA AND SARCODINA 

Preliminary — Animal parasites — Nomenclature — Classification — Protozoa — 
Classification — Plasmodromata — San jdina — Gymnamocbida — Loescliia 
— Vahlkamfia — Dientamaiba — Craigia — Thecainoebida — Chlamydophrys 
— References. 


PRELIMINARY. 

In tropical medicine the parasitic causes of disease are extremely 
important, and it is well to be clear as to the meaning of the term 
' parasite.' A parasite is defined to be a living organism, animal 
or vegetal, whicli takes up its abode temporarily or permanently on 
or within other living organisms (called the hosts) for the purpose 
of obtaining food. Parasites may be divided into animal parasites 
and vegetal parasites, and it is with the former that we arc con- 
cerned in this chapter. 

ANIMAL PARASITES. 

Animal parasites (zooparasites), in the process of obtaining their 
food, may cause disease by their mechanical action and chemical 
products, or by introducing into the liost pathogenic micro- 
organisms. 

As exami:>les of the latter may be mentioned the transmission of 
the animal organism which causes malaria by certain members of a 
family of the mosquitoes, or that of the vegetal organism which is 
the cause of plague by certain fleas. Intestinal worms probably 
cause many of the symptoms of the disease with which they arc 
associated by the introduction into the body of poisons through 
their bites, or, according to Sambon and other observers, by their 
active migrations before attaining maturity and reaching their 
selective anatomical habitat. 

A well-known example of the irritation caused by the introduction 
of chemical poisons is the ordinary mosquito-bite already described, 
while Trichinella spiralis Owtai, 1835, produces severer disturbance 
during its wanderings through the body. 

Mechanically the jigger (Dermal ophilus penetrans (iu(h'iu, 1838) 
causes much irritation to the foot, imd l.oa loa (Guiyot, 1778) to the 

Animals may be only ‘ I cm p or ary parasites ' — i.c., they may only 
temporarily affect the host, as, for example, mosquitoes — or they 
may be ' stationary parasites P such as the malarial organism which 
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lives in the red cells of the blood. These latter may be subdivMed 
into ' periodical parasites/ which only spend a portion of their 
life-history within a host, and ' permanent/ which are parasitic 
throughout the whole Jife-cycle. As an example of the former 
may be mentioned tlie larvae of certain hies which are parasitic, 
while the fly itself is not, and of the latter Oxyuris vermicularis 
(Liniueus, lyiry) is a good example. 

Animal parasites may be classified into ectoparasites or epizoa, 
affecting the skin and exterior of the ho^t; and endoparasites or 
entozoa, affecting the internal organs or cavities of the host. 

Until recent years the greatest confusion existed as to the nature 
of parasites. With our present knowledge it appears that parasites, 
how(wer altered in structure some' of them may have become during 
their parasitic existence, have been originally derived from free- 
living forms. It will, however, be noted that there are great 
differences m the structure and appearance between some of the 
permanent i)ara sites and their nearest free-living affinities. This 
difference lias becui brought about mainly by environment. 

The permani'ut parasite, particularly if an entozoon, has food 
prejiaRid for it by its liost in an easily assimilated form; hence 
there is no nec(‘ssity for a. complicated digestive apparatus, which 
in certain cast's lias entirt'ly disappeared. 

Further, ct'rtain iiarasiles, having reached an organ which supplies 
them with suitalile food, do not require organs of locomotion, for 
they have* only to rt'main where they are, and the tissues of the 
host will subser\a' their purpose. Some of them have no necessity, 
as a rule, for locomotion for sexual purposes, because hermaphro- 
ditism is common, and evcTi in cases where this is not found para- 
sites often live in couples (male and female). Being enclosed in 
the body of tlu' host, tliere is no necessity for sense organs; therefore 
these are much reduct'd, or are absent. 

On the other hand, the parasite requires something to enable it 
to lix itself firmly to the tissues of the host; hence suckers and 
hooks are often found, and also clasping and clinging organs. 

The chance of a ])arasite, locked up inside a host, successfully 
reproducing its species is small; hence reproduction assumes im- 
portant features associated with the production of large numbers of 
new forms, which are often protected by shells or other coverings. 

Reproduction may be asexual, especially in the jirotozoa, or 
sexual. Sexual reproduction in parasites is generally complicated, 
ending in the production of large quantities of eggs or spores; and 
very often the spores of tlie protozoa or the corresponding larval 
forms of the metazoa may travel through one or more intermediary 
iiosts before they infect another definitive host — that is, one in 
which the sexual life-history is gone through . 

With regard to the sexual process, it may be noted that often the 
male is smaller than the female, and in fewer numbers, but there 
are exceptions. 

Usually parasites keep strictly to certain hosts called ' normal 



ANIMAL PARASITES 


287 

hosts,’ but at times they are found in unusual hosts — for example, 
Echinorhynchus gigas (Goeze, 1782), which is usually found in pigs, 
may infect man. Such a parasite is called a ' chance parasite,’ 
while objects mistaken for parasites are known as ‘ pseudo- 
parasites.’ 

The above are examples of simple parasitism; but there are para- 
sites which are parasitic upon other parasites — a condition called 
‘ h5^erparasitism.’ These hyperparasites may be secondary, 
tertiary, or quaternary, and their importance in disease has been 
emphasized by Sambon, who has shown that it may be one of the 
causes of the disappearance of malaria from a district, for the 
black spores found by Ross in mosquitoes infected with malaria are 
now known to be h3qjerparasites of the genus Nosema. 

For further remarks see the article on Metazoan Parasites. 

Nomenclature. — Medical men in the tropics are at present almost daily 
discovering new, or what are thought to be new, parasites, and are generally 
desirous of giving them definite names, but before doing so it behoves the 
discoverer to know and obey the international code laid down by zoologists, 
for which purpose they should study Stiles's pamphlet in the bulletins of the 
United States Public Health and Marine' Hospitals Service. 

Four rules may be mentioned here: — 

1 . Language Rule. — The name given to the parasite must be in Latin, and 
not in any vernacular. 

2. Rule of Priority. — Tlie valid name lor a genus or species is the oldest 
available name. Therefore, in describing a species or genus, give not merely 
the name of the authority who invented the term, but the date also. 

3. Rule of Homonyms. — When two distinct genera or species of animals 
receive the same name, that applied earliest alone must stand. 

4. Rule of Appropriateness, — No name is allowed to be changed simply 
because it is inappropriate. 

With regard to disease there is no fixed rule, but we feel sure that if medical 
men would attempt to evolve a fixed method of nomenclature, much confusion 
would be avoided. 

When an animal parasite causes a scries of symptoms in a man or an 
animal, it is usual to name the affection by that of the animal causing the 
disease, together with the suffix ‘ iasis.’ Thus, Loeschia histolytica (Schaudinn, 
1903) causes loeschial dysentery and liver abscess, etc., which may be 
classed together under the term ‘ Loeschiasis ' ; or Paragonimus . ringeri 
(Cobbold, 1890) causes a varied number of symptoms, which can all be 
classed together as ‘ Paragonimiasis.' 

The drawback to this nomenclature is that, parasites being very often 
changed from genus to genus, such terms are not permanent. For instance, 
the same pathological condition may be indicated by various authorities 
with the terms ‘ Amoebiasis,’ ‘ Entamoebiasis,' ‘ Loeschiasis.' We therefore 
prefer, wherever possible, to use common names for diseases — e.g., ‘ Kala- 
azar.' 

Classifleation. — The animals which cause and convey the diseases 
of man may be classified into the following subkingdoms: Sub- 
kingdom I., Protozoa; Subkingdom IL, Metazoa. 
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SUBDIVISION A. PROTOZOAN PARASITES. 

SUBKINGDOM I. PROTOZOA Goldfuss, 1817. 

Definition. — Protozoa an^ imicollular animals, solitary or united 
into colonies, free-living oj- ])arasitic, with asexual reproduction 
(schizogony) by binary hsskm. budding or fragmentation and sexual 
reproduction (sporogony), or merely rejuvenesccmce by conjugation. 

Remarks.' The border-line between unicellular animals and uni- 
cellular plants is very vague, and hence at present it is uncertain 
ydietlier some forms should be classed with the bacteria and con- 
sidenKl to be ])lants, or with the protozoa and considered to be 
animals. Therefore it is not unusual to call both ‘ protists.’ 

Phylogenesis. — ^There can be little doubt that the primitive form 
of protozoon must have b(‘en an animal with some of the charac- 
teristics ol the amceba,, and would most likely be free-living, most 
proliably in water. This sim])le form, takcm into the alimentary 
canal of higlu'r .animals, possibly Ixaiehted by the ease with which 
(o(/d was obtained and by th(‘ ])rotection afforded by the new 
])osition, and thus became' modified to suit its environment. The 
most important modification would be some ]^rotection for the 
t‘a,rliest stages of its life-history, which would enable it to live in 
the outside world until ta.k(‘n up by a suitable' host, and associated 
witli this would bc'. the necessity to produce large numbers of such 
])rot(‘ctt'd s])on's, as the chance of one finding a suitable host must 
bc‘ rc'lativc'ly small. vSuch a type would lie represented by the 
Loesdnci coli Loi'sch. which is a parasite of man. vSuch a ])arasite 
may cause no harm to its host, which is fairly indifferent to its 
existence. ()n the* other hand, a parasite may not find sufficient 
nutriment in tlie alimentary canal, and be compelk'd to seek better 
food, and perhajis more protection, by entc'iing the glands of 
Lieberkuhn, or even the sub mucosa of the bow('l. Such a i)arasite 
might cause disease m its host, and would Ix' illustrated by the 
Loeschia Insfolyln-a Schauciimi of man. 

Such a process, however, took placid not merely in man, but in 
uiany other kinds of animals, among which may be mentioned 
insects, in the alimentary canal of many of which protozoan ]iara- 
sites are lound. In tlu'se insects the si'xual })rocess occurs, and 
therefore they an' tlu' delmitive hosts, and may also b(.' consid('red 
the primary hosts. 

If these primary hosts become ])r(^datory, biting and sucking the 
blood of other animals — e’.g., vertebrates — then, during this pi'ocess, 
they might pass tlu' spores of their parasites into the l)lood of tlu' 
V('rtebrata, and if these are not killed off (for some animals an' 
repellent) by chemical substances, or destroyed by leucocytes, tlit'y 
might develop in the blood of some vertebrate (called tolerant) 
which thus becomes the secondary host. 

It is, of course, possibh' that some of these blood protozoa may 
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have been derived from parasites originally intestinal in the verte- 
brate, which found their way not men^ly into the mucosa of the 
bowel, but later into the blood-stream, in which they would be 
fairly well protected, and from which they would at first escape 
by becoming encysted in the intestinal wall , and then, bursting into 
the bowel, make their way to the (wterior with the Icecal matter 
and so infect a new host. When Mood-sucking animals became 
evolved, a new cycle would be open for them viz., from the verte- 
brate through the blood-sucker back to the vertebrate— and thus 
the old method by way of the alimentary canal woiTld be lost. 

The origin of the protozoan blood-parasitt's of man may therefore 
be twofold: (a) from man’s intestine into tlu' blood; (h) from an 
invertebrate’s aliiuentary canal into the blood of man. 

The result of onc^ or other of tlic^se metliods is well illustrated by 
the malarial parasite, which passes through its sternal cycle in an 
Anopheline mosquito, which is its definitive and, according to the 
view adopted, its primary or seconda.ry host. When the infected 
Anopheline bites a man, the parasite enters into the blood-stream, 
in the red cells of which it devclo])s and iindergoc'S its asexual 
cycle. Man is therefore the intermediary, and either the primary 
or s(‘Condary, host of the malarial para.sit(.‘, as mentioned above. 

The blood-stream of man contains two diffort'iit elements — 
(i) liquor sanguinis; (2) cells-~(^^) red, ( 6 ) wdiite. Therefore the 
parasite has two possibilities before it- -either to live in the liquor 
or in a cell, or partially in one and partially in tli(‘ other; and this 
last is what generally happens- -be., the parasite lives so much of 
its cycle in a cell and so much in the blood-stri'am. It would, how- 
ever, a,])pea.r that tlau'e is a great phylogenetic tendency for pro- 
tozoan parasites to leavc^ the liquor sanguinis and to resich^ in red 
cells (the malarial parasit(^) or in white cells or in endoth(dial cc^lls 
(the Leishman-Donovan parasite). 

Infection of the Embryo. — Protozoan blood prirasib's apparently 
can be arranged in two categories as regards tlu^ iniection of the 
fmtus, for some, like the malarial parasite (which is generally con- 
sidered to be incapable), do not traverse the placenta, while others, 
like the Spirochertes and Treponemata, can do so. With regard to 
the infection of invertebrate eggs the matter is quite different, for 
many of these parasites infect the eggs, thus carrying the germs of 
disease into a new generation of blood-suckers. 

It would appear as though the intrac(‘lluhu' stage enabled the 
parasite to grow {e.g., consider Schaudinn’s history of the d(^velo])- 
ment of Hcemoproteus noctuce in the little owl) a.nd to multiply 
[e.g., note the development and multijdicat on of the malarial 
parasite). 

In the evolution of such haematozoan types some authorities 
(Woodcock) hold that the flagellate forms living in the blood- 
stream are to be considered the most primitive, and that the more 
truly cellular the parasite becomes the more it has evolved. Hence 
the H eemo-flagellata, or parasites freely moving in the liquqr san- 
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euinis, are with difficulty separated from the Hcemospondta, or 
parasites which mostly live in blood cells. For many reasons some 
of these two groups of jrarasites were united togethei into one 

order of the flagellates b\’ Hartmann, ■ ■ r iu i 

Morphology. —Protozoan parasites vary m size trom the large 
Sarcocyatidcr in muscle to most minute forms in tlie blood {Hmmo- 
protozna). In fact, it is possible that some forms may exist which 
we have not yet recognized, because their minute size prevents their 
being visible to the human eye, even when aided by the highest 
powers of tlic microscope. 

Tlic parasites themselves consist of protoplasm, which in some 
instances sliows a modihcjition into ectoplasm and endoplasm, the 
former being clear and hyalint* and the latter dark and granular. 
In the protoplasm are to be found — (i) one or more nuclei, 
(2) chromidiosomes and chromidia, ( 5) metachromatic granules, 
(4) volutine granules, (5) metaplastic granules, (b) centrosomes, 
(7) archoi)lasm, (8) rhizoplast, (9) vacuoli. 

(1) The nucleus in its simplest form is merely a collection of 
smaller or larger particles of chromatin (chromidiosomes or chro- 
midia). A very simpl(‘ form is that tGxmeAProtokaryon, in which 
oiK' large chromidia 1 mass (the Karyosome) lies in a delicate achro- 
matic network of linin inside a vacuole filled with nuclear sap, 
called enchvlona. Some chromidia may or may not be situated 
peripherally as well as more centrally. There is no definite mem- 
brane. 'fhe U('xt advance is the vesicular nucleus, which consists 
of a dc'hnili' nuclear membrane separating it from the cytoplasm. 
Inside this membrant' tlu rc^ is an achromatic framework made of 
linin; a mich'ar lliiid or enchylema, lumps of a substance called 
plasiin giving vise to the nndcoliis, so common in tlu* Metozoa and 
so rare in th(' Trotozoa, and in association with chromatin to the 
karyosome, whicli in this instance is called the endosome, or Binncn- 
korper. The granular nucleus is a further evolution, and is pro- 
duced bv a more scattered condition of the chromatin. 

The nucleus is tlnaxhoix' a comiilex body composed of chromatic 
and achromatic substances. It may be singk^ or divided into two 
]ndncii)al masses truphonucleiis or nutrition-nucleus and kineto- 
nucleiis or motion-nucleus, or into macronucleus and micronucleus. 
'riu‘ latt(‘r an' quite different from the tropho- and kinetonuclei, for 
tlu' macronuch'us is trophic and kinetic, while the micronucleus is 
purely re]ua)ductive. Tlu' former is typically seen in the trypano- 
somida* and the latter in the heterokaryota, 

(2) Chromidiosomes are the smallest particles of chromatin 
which, when massed togadlu'r, give rise to the chromidia which may 
be intranuclear or extranuclear. (3) Tlie metachromatic granules 
or chromatoid grains n'lu'esent stages in the anabolism or katabolism 
of chromatin. (4) Volutine granules stain lilo' chromatin. They 
are composed of nucleic acid in combination, and represent reserve 
food material for the nucleus. (5) Metaplastic granules are products 
of cytoplastic anabolism or katabolism. (6) Centrosome is a 



PROTOZOAN PARASITES 


291 


minute grain or pair of granules (diplosome) lying typically outside 
the nucleus close to the membrane. (7) The archoplasm is the clear 
protoplasm which sometimes surrounds the centrosome. (8) The 
rhizoplast is the portion of the flagellum (when present) which 
penetrates into the cytoplasm. The flagellar apparatus is described 
under the heading ' Mastigophora ' in the next chapter. (9) The 
vacuoli may be either contractile vacuoles which are considered 
to be respiratory and excretory in function, or the food vacuoles, 
which begin with a globule of water taken in with the food. Into 
this vacuole an acid is secreted from the cytoplasm and digests the 
food, which is then absorbed. Then the vacuole with the undigested 
food travels to the periphery, and the waste product is extruded. 

Protozoa geneially have some power of movement by pseudo- 
podia, cilia, or flagella, but under unfavourable circumstances they 
may lose this power, and, becoming quiescent, surround them- 
selves with an envelope and become encysted. Unfavourable 
circumstances are lack of food, desiccation, irritating chemical 
substances, and unusual surroundings. 

Life-History.-- -Reproduction in the protozoa takes place asexually 
or sexually. As long as conditions are favourable — i.e., there is 
abundance of food- -protozoa reproduce asexually by one of the 
following methods: (i) binary fission; (2) gemmation; and (3) spore- 
formation. 

I. Binary Fission. — In binary fission there is first division of the 
nucleus, which sometimes takes place by ainitosis, followed by that 
of the cytoplasm. Then the parasite divides into two more or less 
equal halves (Fig. 42). The other methods of nuclear division are 
l)y chromidial fragmentation or by mitosis, of which there are three 
types — [a] Promitosis, {h) Mesomitosis, (r) Metamitosis. In chro- 
midial fragmentation the nucleus breaks up into minute chromidia, 
which eventually collect into two new nuclei. In Pro mitosis a pro- 
karyon type of nucleus divides by the centrosome splitting into two, 
and giving rise to the central thread (centrodesmose) of the spindle. 
Then the karyosome divides by constriction, and the achromatic 
spindle is formed from the framework of the nucleus, and lies 
between the two separating karyosomes, with the centrodesmose in 
the middle. Then the chromosomes appear formed from the peri- 
pheral chromatin as well as from that of the karyosome. 

There are two types of Promitosis — the simpler, in which no 
equatorial plate is formed, and the chromosomes are merely scat- 
tered along the spindle, and Anally gather at opposite poles to form 
the daughter nuclei; and the more advanced, with an equatorial 
plate of chromosomes which may divide by either an equating or 
a reducing division. In Promitosis the nuclear membrane is neg- 
ligible, while the whole process is confined to the nuclear area. In 
mesomitosis, which takes pkice in a nucleus in which the karyosome 
is reduced and in which there are more chromatic particles in the 
body of the nucleus, perfect karyo mitotic figures are formed, but 
the whole process takes place inside the nuclear membrane. In 
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metamitosis the polar caps of archoplasm situate in the cytoplasm 

assist in the mitosis. n u 

2. Gemmation . — In gemmation the nucleus divides usually by 
mitosis into two or more nuclei, which either travel to the peri- 
phery, and become' surroundt'd by small masses of protoplasm, 
which sejiaratc from the jiarent parasite- ectogenous gemmati^ 
or remain in the cytoplasm, a portion of which becomes differ- 
entiated around each nucje'us — endogenous gemmation. 

Tile ('X])]anation of the two methods is that in ectogenous gemma- 
tion the buds are separati d from the mother cell externally, while 



Fig. 42. — I'liAGRAM OF THF Liff-Cycces of Loeschia coli Loesch, emendavii 

SciIAUDTNN, 1903, SHOWINC'. HaRTMANN AND WiTITMORE’S ViEWS AS TO 
Zygosis. 

I, Loeschia coU : a-e, stages in the process of binary fission by promitosis; 
A-D, schizogony by repeated division; 2-12, sexual reproduction or sporogony; 
II are the gametes, 12 the zygote, but lliese stages arc not delinitely known. 

in endogenous ge mmation the localized budding area sinks into the 
body substance of the mother cell, with the result that the buds are 
contained in a brood sac. This localizc'd endogenous area is called 
a pansporoblast, though in some tlie entire organism forms a pan- 
sporoblast, which is considered to be phylogenetically derived from 
the localized condition — i.e., the whole cell represents only the 
pansporoblast. 
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PlasfHotomy . — Plasmotomy is the term applied to the inter- 
mediate division of the cytoplasm of multinuclear parasites into 
two or more masses, which afterwards may or may not reproduce 
by spore-formation. 

3. Spore-Formation . — Instead of being considered a process of 
internal gemmation, the formation of pansporoblasts may be 
looked upon as a process of spore-formation proceeding while the 
organism grows, as is typically seen in the Neosporidia. 

The typical asexual spore-formation or schizogony is, however, 
met with in the Telosporidia, in which the early stages absorb 
nutriment and increase in size, being therefore called trophozoites. 
When fully grown they form a quiescent body, the schizont, 
whose nucleus and cytoplasm divide into a number of small 
forms called asexual spores or merozoites, generally, however, 
leaving a little undivided cytoplasm laden with effete matter, 
which is called a nucleus de reliquat, or ‘ rest body.’ 



Fig. 43. — Schizogony or Plasmodium vivax Grassi and Feletti. 

(After Schaiulinn.) 

I, Young trophozoite; 2, ring form; 3, ring form showing hasmozoin; 
4. parasite with pseudopodia; 5, old trophozoite; 6, schizont showing com- 
mencement of first division; 7, schizont with four nuclei; 8, schizont with 
several nuclei (the corpuscle shows Schiiffner’s dots) ; 9, schizont divided into 
merozoites; 10, merozoites and haemozoin free. 

These merozoites are the forms by which the parasite multiplies 
in the given host, and are not the means by which new hosts are 
infected. They therefore enter new cells in the host in which 
they are formed, and, growing into^a tropliozoite, complete an 
asexual life-cycle, which is called the cycle of schizogony, or simply 
schizogony (Fig. 43). 

A time arrives in tlu^ infection of every host when the food 
material for the given pa.rasite is diminished by the numbers of 
forms produced by asexual reproduction, or when the tissues of the 
host react against the parasite by chemical substances, or phago- 
cytosis, or by both methods combined. 

When these adverse circumstances become sufficiently severe, 
changes take place in the parasite which produce forms capable of 
leaving the given host and existing outside it, either in a different 
species of animal or simply in the exterior, until an entry is made 
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into a new host of the same species as before, when schizogony 

'^^fhe changes which the parasite has to undergo m spreading 
from one host to another are generally associated with sexual 
reproduction, and the whole cycle from a given host oJ a pertain 
species to another host ol the same species is called the cycle of 
sporogony, or, more simply, sporogony (Figs. 44, 45, and 4 t)). 



m 

Fig. 44.-- SpoKotiONY Plasmodimii vivax Grassi and Feletti. 

Development of the IMicRotiAMETF. (After Sehciuclinn.) 

1. Young microgainetot-yle : 2, 3, older forms; 4, fully grown microgumeto- 
cyto, as seen in llie^ blood ol man; 5, divi.sion of the nucleus (reduction) in the 
stomach of an anoplioline; (>, nuclei have travelled to the periphery, whicli has 
grown out form tlu' commencement of a microgameto; 7, microgametocyte 
with three micrt>gametes; 8, a free microgamete. 


In adverse or clianged circumstances, therefore, the merozoites 
dt'velop into more rc'sisting forms, whicli are called gametocytes, 
in which, by reduction of the nuclear material, the male and female 
elemidits in the nucleus are separated; the two elements may exist 
in the sanu' ccdl or in separate cells, but usually the male element of 
one cell fusi's (zygosis) with the female element of another cell, 
and forms a nc'W individual with a new nucleus or synkaryon. 





Fig. 43.- SpoKocioNv oe Plnsniodium vivax Grassi and Feletti. 
Development of the Macrogamete. (After Schaudinn.) 

1-2, V oung macrogametocytes ; y fully developed macrogametocyte in 
file blood of man; 4. reduction and formation of a polar body in the stomach 
of an anopheline mosquito; 5, macrogamete and one polar body. 


Tliis new individual jiroceeds to reproduce itself rapidly by either 
binary hssion or spore-formation. In the latter case, in order to 
prevent confusion, the terms employed are different from those 
used in asexual reproduction. The parasite is called a sporont, the 
spores sporozoites. The sexual reproduction takes place in the 
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definitive host, which may be different from the intermediary host 
in which the asexual reproduction is found. 

Parthenogenesis and Reproduction is said to take 

place from a female type of parasite (parthenogenesis) or more 
rarely from a male type of parasite (etheogenesis), without any 
completion of the sexual process (Fig. 47). 

An example of parthenogenesis is found in the malarial j^arasitt', in which 
the female gametocyte is capable of resisting both the action of tiie chemicals 
of the body and drugs, and is therefore capable of lying dormant for some 
time. When given an opportunity for development, its nucleus and proto- 
plasm divide into two portions, one of which degenerates and disappears, 
while the other forms merozoites and scarfs the cycle of schizogony anew. 
Another is described by Prowazek in Herhctomonas musccc-domesticcc , but 
neither example has been definitely proved; and, indeed, of late grave doubts 
have arisen as to its truth. Nevertheless, we feel that it is necessary to keep 
some remarks upon the subject, as we feel that the last word lias not yet been 
said, as we have seen once bodies very like those described by Schaudinn. 



Fig. ^ 6.- SpoRO(ioNY of 
Plasmodium vivax Gr.\ssi 
AND FkLETTI; ZyGOSIS. 

(After Schaudinn.) 

I, Zygosis of one micro- 
gamete with the macro- 
gamete; 2, ookinete and 
degenerate microgametes . 


Fig. 47.--F’arthfnogknksis of Plasmodium 
vivax Grassi and Felp:tti. 

(After Schaudinn.) 

I, ]\lacrogametocyt(‘ ; 2, division of the 

nucleus; 3-0, formation of merozoites from 
one j)ortion of the nucleus, and separation 
of the other portion with the luemozoin. 


Etheogenesis, a term introduced by Prowazek, is the much rarer 
change in the male parasite whereby asexual reproduction beginr< 
again. He described it in H erpetonumas mnscce-domesticcc , but Flu 
says that an error was made, and that the objects believed to be 
male elements were really stages in the life-cycle of a Microsporidian 
- — Octosporea muse ce- domestic ce. 

Pathogenicity.— The pathogenicity of the Protozoa is of the 
highest importance, as they are the causes of a large number of 
endemic and epidemic diseases in man and animals, as will be 
described in the following pages. They produce toxins; but these 
have not been well studied, with the exception of the Sarcosporidio- 
toxin, which is only toxic for rabbits and not for other animals. 
The toxins produced by the malarial jiarasites have been referred 
to on p. 203. 
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Classification. — ^The classification of the subkingdom Protozoa is 
by no means satisfactory at present, but for remarks upon this 
subject we refer the readier to Poche’s article thereon written m 
the Archiv fur Prolisienkunde, vol. 30, in 1913 ■ 

The old classification was into four classes: (i) sarcodina, (2) mas- 
tigophora : (3) sporozoa; (4) infusoria. 

The sarcodina move and capture food hy pseudopodia. ; the 
mastigophora by fiagella; the sporozoa arc ])arasitcs without motile 
organs; and the infusoria move by means of cilia. When this 
classification was brought into use, practically nothing was known 
about the life-history of the protozoa, a more complete knowledge 
of which is still required. 

Schaudinn’s work with regard to the life-history of flagellates 
having failed to be confirmed, and Hartmann’s binucleate theory 
having fallen into disuse, we have returned to Doflein’s classification 
as set forth below. 

Among the blood })arasites of man and other animals there are 
found some wavy, thread-like organisms {Spirochcetes and Tre> 
'[)onemaia), with whicli must be classed some free-living forms whose 
j)osition, even in the animal kingdom, has been disputed. 

Most authorities believe that these forms «'ire protozoa, with a 
low type of nucleus, but so different are tlu^}^ from the ordinary 
phyla of protozoa that, following Hoflein’s and Fantham’s sugges- 
tions, we shall ])lace tlK iu in a s('parate section, making them an 
Apj)endix to the Mastigophoia, though Calkins thinks it better to 
lea\'e them in their old position at ])resent. 

Further, the old group of the Sporozoa Leuckart, 1879, contains 
two such different groups of animals in its subdivisions into 3 'elo- 
sporidia and Neosporidia that it is justifiable to do away with this 
combination, and to raise the two divisions to the rank of separate 
phyla. 

Finally, the two nuclei of tlie infusoria an' so totally different 
in lunction from the nuchms or nuck'i e)t the rest of the protozoa 
that the Siibkiiigdom is capable of being divided into two divisions - 
the Heterokaryota or infusoria ; and the Plasmodromata, under 
which heading come the otlu'r phyla. 

In the pres('nt work the following classification is adopted: — 


DIVISION A. Pl.ASMODKOMATA Doflein, 1901. 

Phylum 1- -Sarcodina llertwig and Lesser, 1874. 

Phylum 11. — Mastigophora Diesing, 1866. 

Phylum IIP- — Telosporidia Schaudinn, 1900. 

Phylum IV . — Neosporidia Schaudinn, 1900. 

DIVISION B. HETEROKARYOTA Hickson, 1903. 

Phylum V . — Ciliala Perty, 1852. 

Phylum VI . — Acinetaria Lankester, 1885. 
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Species. — Before commencing the systematic description of the 
Protozoa it rnay perhaps be as well to remind the reader that in 
the higher animals the distinctness of a species depends upon the 
fertility of its members inter se, but not usually with members of 
other species. 

In protozoology and bacteriology many mere varieties have been 
called species, but such variants lack any ^norphologically specific 
character, and arc merely separated from one another by physio- 
logical characters, which, as we have seen in the section on evolution 
of disease, can be made to alter by change of environment. 

It is convenient and useful for purposes of identification and 
reference to give them names as though they were true species, 
and this does nu harm so long as the reader does not expect to 
find morphologically specific differences in these forms, which can 
only be separated biologically and physiologically. 

DIVISION A: PLA SHOD ROM Al'A Doflein, lyoi. 

Synonym. — Cytomorpha Hatschek, 1888. 

Definition. — -Protozoa in wliich tlie nucleus is not separated into 
reproductive (micronucleus) and non-r(‘productive (macronucleus) 
portions. 

Classification.— The Plasmodromata may be divided into phyla 
according to the following scheme : — 

(a) With motile organs in adult stage 

I. Move and capture food by pscudopodia — Sarcodina, 

II. Move and capture food by flagella — Mastigophora. 

(b) Without motile organs in adult stage 

I. Spore formation distinct from and takes place after 
the trophic phase — Teleosporidia. 

II. vSj^ore formation and trophic stage proceed simul- 
taneously — Neosporidia. 

PHYLUM: SARCODINA Hertwig and Lesser, 1874. 

Definition. — Plasmodromata which move and capture their food 
by means of p.seudopodia. 

Classification. — The vSarcodina may be classified as follows: — 

(a) Without axial filaments in the lobose, lilose, or reticulosc 
pseudopodia- -Rhizopoda. 

(b) With central axial filaments in fine ray-like pseudopodia — 

Heliozoa Haeckel, 1866; Radiotaria Haeckel, 1861. 

Remarks.— Only the Rhizopoda concern us at present. 

CLASS: RHIZOPODA von SiiiBold, 1845. 

Definition. — Sarcodina, parasitic or free-living, without axial 
filaments in their lobose, filose, or reticulosc pseudopodia. 
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Clasdfloaflon.— This class may be divided into subclasses as 
follows : — 

[a) With blunt loose pscudopodia which do not anastomose 

AmcehcB. . j j- 

(h) With fine bmncliing and anastomosing pseudopodia 

F oraminifera. 

Remarks.- -Only the Amoebae concern us. 

SUBCLASS: AMCEBiE Rhrenberg. 1830. 

Synonyms.- — Anuvhtna Auctores (a misprint); Chaidea Poche, 
Amcrhidce- Brown, 1859* 

Definition. — Khizopoda, parasitic or free-living, with blunt, loose 
])Scndopodia which do not anastomose. 

Classifieation. — The subclass Anuelxe may be divided into two 
ord(‘rs as follows 

[a) Witliout a shell- — GymnanKvhida . 

(//) With a sIk'II- — Thecanuclnda. 

ORDER 1 . GYMNAMCEBIDA Delage Herouard, i8g6. 

Synonym.- -Le&o.sa ('arpenter, 1861; Ani(vhidrr Broun, 1859; 
Chaidce Poche, 1913. 

Definition.- -A rnoebt'e without a shell, but with a tendency of the 
peripheral plasm to harden into a membrane-like zone. 

Type Genus. Pory de St. Vincent, 1822. 

Remarks. -The genera of this order are in a wild state of con- 
fusion. Calkins in 1912 gave a large number of genera — Amoeba, 
Vahlkamfia. Nat'gleria, Craigia, Trimastigamoeba, Entamoeba, 
Paramceba, Trichospherium, Hyalodiscus, Cliromaletta, Pelomyxa, 
Dactylosphera, Nucleophaga. In the same year Alexeielf created 
the genera Nac'gleria and Hartmannia for Amoebae oi the limax 
type, and also Proctamoeba. for Amcebae parasitic in vertebrates, 
but the two last names have not come into general use. Doubtless 
many more exist. 

Classification. - Those' found in man up to the present may be 
classified into - 

1. Loeschia Chattoii and Lalung-Bonnaire, 1912. 

2. 1 ahlkamfia CJiatton and Lalung-Bonnaire, 1912. 

3. Craigia Calkins, 1912. 

4. DienianKvha jepps and Dobell, 1918. 

I'licy may be differentiated as follows:— 

A. Without uni flagellate stage : — 

1 . Typically uninucleate: — 

Ecto- and endoplasm distinct when moving. Nucleus 
with or without visible karyosome and certriolc. 
Contractile vacuoles generally absent. Division 
by meso mitosis — Loeschia. 
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Ectox>lasm only seen in outbursts. Nucleus with 
finely divided chromatin forming a membrane-like 
contour and with definite karyosomc. Division 
by pro mitosis — Vahlkamfia. 

II. Typically binucleate, the two nuclei having the same 
size and structure. 

Ecto- and endoplasm distinct — Dientamceha. 

B. With uniflagellate stage : — 

Ectojdasm visible on movement. Endoplasm with or 
without a body like a N . benkorper — Craigia. 

THE GENUS AMCEBA. 

The old original genus Amceba seems to have been tirst described 
by Rosel von Rosenhof in 1775, under the heading the Small 
Proteus, and to this organism Linnaeus gave the name Volvox chaos, 
which Pallas in 1766 turned into Volvox proieus. In 1822 Baron 
Bory de Saint Vincent, in tJie ‘ Dictionnaire Classiqiie d’Histoire 
Naturelle,’ vol. i., pp. 260-262, established the genus Amiba, calling 
Volvox proteus by the name Amiba divergens, whicli Ehrenberg in 
1831 altered to Anuvha prince ps and Lcidy in 1878 to Amrrba 
proteus. 

This original genus is now divided into the following genera: — 

A. Usually free living : — 

I. Without a flagellate stage in the life-cycle: — 

(a) Usually uninucleate. 

1. Large forms reaching to i millimetre in diameter, 

free living, with well differentiated ecto- and 
endoplasm and well developed pseudopodia. 
One or many large nuclei with doubly refracting 
membrane and chromatin concentrated into a 
single large karyosome or as granules dillused 
through nucleus. One or more contractile 
vacuoles — -Genus i, Amceba Bory de St. Vincent, 
1822. 

2. Minute forms, free living or commensal, ectoplasm 

not well differentiated from endoplasm, moving 
as a fingci -formed single pseudopodium or with 
irregular ectoplasmic bursts to form a general or 
local ectoplasm. Nucleus single or double, with 
finely divided chromatin, forming a membrane- 
like structure and a definite karyosome. One 
contractile vacuole present as a rule — Genus 2, 
Vahlkamfia Chatton and Lalung-Bonnaire, 1911; 
emendavit Calkins, 1912. 

( 1 )) Usually binucleate. Genus 3, Dientamceba Jeffs 
and Dobell, 1918. 
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II. With a flagellate stage in the life-cycle: — 

{a) Flagellate forms divide — Genus 4, Paranuxha 
Scliaudinn, 1896. 

(h) Flagellate forms do not divide 

1. Uniflagellate — Genus 5, Crai^ia Calkins, 1912. 

2. Biflagellatc — Genus 6, Naegleria Alexeieff, 

1912; emendavit Calkins, 1912. 
j. Triflagcllatt — Genus 7, Trimastiganurla Whit- 
more, 1911. 


B. Payasiiic, commensal, or pathogenic : — 

I. ('ontractile vacuoles numerous; cysts give rise to 

gametes — Genus 8, Entamadia Leidy, 1879. 

II. Contractile vacuoles absent; cysts not known to give 
rise to gametes- -Genus 9, Loeschia Chatton and 
Lalungdkmnairc, 1912. 


I li( )rincipal species oi the genus AuKeba are the type A . protcus 
(Pallas, 1766), A. vespcHilio Penard, 1902, A, verrucosa FJhrenberg, 

18 j8, and A. Icrricola Greefl, 1892, 
but the last two may be the 
same species. 

The type species of Nac'gleria 
is N . punctata Dangt^ard, 1910, 
found in pond water and infusions. 

Trimastigamoeba has only one 
species, 7 '. philippinensis Whit- 
more, found in tap water in 
Manila. 

Ifntamoeba iias as its ty])e 
s})ecies E. hlaitco Biitschli, 1878, 
descrilx'd in dtda.il by Mercier in 
1909 and 19T0, ^vllo says tliat the 
gamete-forming c^^sts^ give rise 
1 • , . , . minute unmuch^ate gametes 

winch conjugate outside the evst, while the copula dc^'elo,>s directly 
into the trophozoite. I his is very different from what is known 
conceining the lile-history of Toesciiia. 

genus U Amt el )a,, and its typt' species A nucha proieus 
(1 alias, I7()()), It IS mtcrcstiug to know its life-cycle, which is but 
little understood at prestuit. 



tully is 

,.l,ysL/’i‘'’y®V‘^ Chai-acterized by tlic Amoeba l)cot)ining shiReisli 

Uuii ins U.S body ol debris, and exuding a slimy mucus, which causes surrOTud- 
ng deti itus to adhere to it, and .so to lorm an outer protecting covering inside 
"fmbranous cyst walls, separated by fluid, arc foifntxl xt cyst 
measuie 70 to 140 nocioiis m Uiameler. and ai t found in Fngland from late 

atSmnt wS meat 4 of 
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Inside the cyst the nucleus breaks clown and the chromatin and plastin are 
distributed throughout the cytoplasm, in which they form secondary nuclei 
of the protokaryon tjrpe, and finally some 75 to 100 young nucleated amceba\ 
which apparently do not become flagellate, and so far as is known do not form 
gametes, but this and the further development require investigation. 

Metcalf has, however, observed zygosis in minute gametes of Amcrba 
protetis. 


Genus Loeschia Chatton and Lalung-Bonnaire, 1912. 

Synonyms. — Anurha Ehrenberg, 1830, pro parte; Entamcrha 
Casagrandi and Barbagallo, 1897; k.cc Endamaeba Leidy, 1879. 

Definition. — Gymnamoebida, with a vesicular nucleus containing 
a small karyosome (as a rule) and abundant peripheral chromatin, 
and dividing by mesomitosis, and with cysts containing four to 
eight nuclei, which form young amoebic which are not known to 
be gametes. 

Nomenclature, — The name Amoeba was applied by St. Vincent 
in 1822 and by Ehrenberg in 1830 to free living forms, of which 
the type is Amwba proteus, which Poche thinks is the Volvox chaos 
of Linnaeus; and the term Endamceba was given by Leidy in 1879 
to the parasitic E. hlaitcB Biitschli, but this name cannot be applied 
to the human parasites, because Mercier’s researches have shown 
that it may be different, and therefore it is necessary to use Chatton 
and Lalung-Bonnaire’s term. 

Remarks.'— The genus is composed of amoeba-like forms varying 
i n size from 5 to 80 microns, and possessing distinct ectoplasm and 
endoplasm, which, liowever, may be only visible during motion. 
The ectoplasm is clear and hyaline, while tlu' endoplasm may be 
(‘ither clear or finely granular. The nucleus usually has a karyo- 
some and centriolc. I'^eproduction is l)y simple division, scliizogony, 
and cyst formation. 

The species live in the alimentary canal of man and animals, 
blit may enter other tissues and organs, and may be pathogenic 
or non-pathogenic . 

It is still doubtful whetlier artificial cultivation has been per- 
formed successfully. 

Type Species. — The type species is Loeschia coli Loesch, 1875, 
found in man, but used in the sense of the term as defined by 
Schaudinn in 1903, an . I not as defined ])y Loesch in 1875. 

Classification. — Chatton and Lalung-Bonnaire suggested the 
formation of two subgenera — viz., Loesidiia, characterized by cysts 
with eight nuclei, and Vienckia, distinguished by cysts with four 
nuclei, but this has not been adopted so far. 

As there are a very large number of species described, wc will 
give a list classified according to the part of the body in which 
they were discovered, hni Schaudinn’s statement made in 1903 
slioiild be remembered, ‘ The knowledge of the development is the 
first postulate of protozoan research and because this knowledge is 
lacking so much confusion exists. 
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[. Intestinal : — 

1. Z. coli Loesch, 1875. 

2. L. histolytica Schaudmn, 1903. 

3. Z. tetragena Viercck, Jgoy. 

4. Z. fropicaiis Lesagc, igo8. 

5. Z. mimiia Elmassian, 1909. 

Z. nipponica Koidzumi, 1909. 

7. imdulans Castellani, 19 ^ 5 - 

8. Z. william si Prowazok, 1911. 

9. Z. hartmanni Prowazek, 1912. 

10. Z. hidscMi Prowazek, 1912. 

Ti. Z. Baurepaire-Aragao, 1912. 

12. Z. dysenieriiv europaece- Popper, 1917- 

13. Z. nana Wenyon and O’Connor, 19T7. (This is con- 
sidered under Valilkamfia (see p. 323.) 

14. L. minutissima Briig, 1917. 

Tile researches of Hartmann, Whitmore, Wenyon, Craig, Calkins, 
and James, lia\e demonstrated that only two of these are good 
species, viz.:— 

Loeschia coli Loesch, 1875. 

Z DCS chi a h i si olyi i ca Sc 1 la. ud inn, 1 90 3 . 

1 1 . Hepatic and renal 

Z. moriinaialinm Smitli and Weddman, 1910. 

1diis specie's was found originally in llic* liver and kidneys of 
a hetus born dead. 

HI. Buccal - 

j. Z. ^ingivalis Gros, icS-p). 

2. Z. buccalis Sternberg, t8()2. 

3. I., dentalis Grassi, 1879. 

4. L. dentalis Braun, 1883, . 

5. Z. buccalis Prowazek, 1904. 
b. Z. maxillaris Kartulis, 1901. 

There is only one good species, viz.: — 

Loeschia gingivalis Gros, 1849. 

IV. Genito-urinary : — 

Z. urogenitalis Baelz, 1883, which may be the same as 
Amceha urincr granulata Ward, Coles and Friel, which 
the latter suggests comes from an organism like a 
protococcus taken into the alimentary canal. 
Chalmers and O’Farrell consider it to be Z. histolytica 
in all probability. 

\\ Pulmonary :■ — ■ 

Z. pulmonalis Artault, 1898. 

d'his ma^^ be the same organism as Z. mortinatalium Smith and 
Weidman, 1910, and both may be Z. histolytica, as Chalmers and 
Atkey have reasons for believing that Z. pulmonalis is very like 
Z. histolytica. 
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VI. In Abscesses : — 

L. kartulisi Doflein, 1901. 

VII. In serous exudations 

L. miurai Ijima, 1898. 

All the above, except the last, are probably either L. colt or 
L. histolytica, while the last may be the Leydenia stage of Chlamy- 
dophrys enchelys Ehrenberg, which is often classified in tlie 
Foraminifera. 

If tliis is accepted, we liave only three species to consider — 
viz. 

L. coli Lot^sch, 1875, emendavit Schaiidinn, 1903. 

L. histolytica Schaiidinn, 1903. 

L. gingivalis Gros, 1849. 

And these may, with difficulty, be distinguislied as follows: — 

(a) Size small — -average 12-20 microns - 

Endoplasm often contains red blood-corpuscles, cysts 
with one nucleus — -i. Gingivalis . 

{})) Size larger — -average 25-35 microns : — 

1. Endoplasm does not normally contain red blood- 

corpuscles. Cysts usually contain eight nuclei, but 
may have sixteen — 2. Coli. 

2. Endoplasm normally contains red blood-corpuscles. 

Cysts contain one to four nuclei and characteristic 
chromidial bodies — ^3. Hisiolytica . 

Amcebm in Animals.- -A full list of Amoebae according to hosts 
was given by Hassall in 1913 (see references), and therefore we 
omit the full list given in previous editions, only a short list being 
given on p. yzi but we may say that in vertebrates and inverte 
brates a very large number of species have been described, but 
many of these will probably be found to be the same. 

Type Species. —The type species in Loeschia coli (Loesch, 1875) 
Schaiidinn, 1903, which we will now describe. 

Loeschia coli Loesch 1875, emendavit Schaudinn, 1903. 

Synonyms. — Amceha coli Loesch, 1875; Entamr^ba coli Loesch, 

1875. 

Probable Synonyms. — -Entamcrba tropicalis Lesage, 1908; E. nip- 
ponica Koidzumi, 1909; E. williamsi Prowazek, 191T; E. muris 
Grassi; and perhaps otliers {vide supra). 

Definition. — Loeschia with cysts containing eight nuclei, cyto- 
plasm almost always without red blood-corpuscles, ectoplasm in- 
visible except when a pseudopodium is being protruded. Nucleus 
subccntral, vesicular, with cyclic changes not well marked. Karyo- 
some often with two granules. 

Nomenclature. — The correct name is Loeschia hominis Casagrandi 
and Barbagallo, 1897. The name L. coli was originally applied by 
Loesch to the pathogenic amoeba which caused dysentery, but the 



304 


PLASMODROMATA AND SARCODINA 


nomcncMme was reversed by Schaudinn (as 

out) in IQ03, and it is most difficult to alter it at the present time. 

History.^ — In i<?59 LambJ published a note lef erring to the 
presence of an amoeba, associated with other protozoa, Jh the 
motions of case of clystmtery, and this was followed by an account 
by Lof-sch in 1875 in which he states that he considers these amoebae 
to b(^ the caiis(' of dyst'iitery. Grassi, in 1879, was the first observer 
to demonstrcite the prcstaice of amoebae in the motions of healthy 
peoj)le, and alone or with Calandniccio described encystment, 
while Calandniccio inhntt'd himself per os with the cysts. They 
both neded its non-])atho|:^enicity. Lewis and Cunningham in 1881 
saw them in the motions of persons suffering from cholera. In 
1894 f -( Hi and Fiocca, described and named six species of amoeba 
occurring in man, but it is doubtful what tlnse really are; probably 
some of them belong to L. coli. Grassi s findings were confirmed 
by Koch and Kartulis, l)ut Kiusc' and Pasquale in a classical 
investigation demonstrated that there were two kinds of ammba?, 
one liarmless and the other the ca,us(‘ of dysentery. It was not, 
however, until Casagrandi and Barba gallo investigated and defined 
L. colt, which is harmless, that it was possilde for Jiirgens to make 
his researches, wliicli, extended by Schaudinn, (aided in defining 
a, second amoeba named L. histolytica, which was considia'ed to b(‘ 
the cause of aincebic dysenbay. It has becai studied in detail in 
1912 l)y Hartmann ami Whitmon^ with im])ortant results, and in 
an im})ortant memoir by James in 1914. 

It seems to us that Wenyon’s researches into L. muris are so 
important with lagard to the opposing opinions of Schaudinn and 
WeriK'r on the om‘ hand, and Hartmann and Whitmon' on tlie 
other, that we give this in detail. 


Loeschia muris Grassi, 1S81. 

Tbc life-history of this amerba has been carefully studied by Wenyon in 
1907. L. muris lives in the caecum of mice and rats, cither freely amongst 
the contents, or upon the epithelial surface, or in the glands to their ends. 
It measures up to 3(3 to 40 microns in diameter. 

The food appears to be anything at hand — ba('teria, flagellates and their 
cysts, yeast cells, and cast-off epithelial cells. 

The 2'rophozoife . — The narrow ectoplasm is only distinctly visible in the 
formation of the pseudopodia, while the granular endoplasm contains the food 
vacuoles and the nucleus, which latter is distinctly visible as a clear vesicle 
with a distinct nucleolus. 

When stained, the mudeus is seen to have a definite fairly thic k membrane, 
with cliromatinic lumps at one or two points. The nucleolus or karyr)some 
is chroinatinic, and between it and the nuclear membrane is the linin network 
with scanty granules of ( hromatin scattered over it. d'his is the type of 
nucleus found in L. coli. 

Multiplication takes ])lace by binary division and by encystment. In the 
former a nuclear spiiulle is formed without chromosomes or an equatorial 
plate, as the chromatin gathers at the poles, and the nucleus after elongation 
becomes indented and then divided in the middle, and after some length of time 
the cytoplasm divides. 

The precystic stage is distinguished by having its endoplasm cleared of all 
large inclusions, and is surrounded by a soft gelatinous wall, through which 
the remains of food materials can be cast out. 
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Cystic Stage.— A cyst is spherical or slightly oval, 12 to 14 microns in dia- 
meter, and contains a cytoplasm tree from food particles, and may or may not 
contain a refractile body, while the nucleus is large and contains much 
chromatin. This nucleus divides, by simple division, forming two daugliter 
nuclei, and this binucleate stage, which is of long duration, is characterized 
by the throwing out of chromatin from the nuclei. 

Autogamy, — Each nucleus now gives off reduction bodies which are dis- 
solved in the cytoplasm. These two nuclei are slightly different: in one it is 
evenly distributed, while in the other it is concentrated at one end ; the former 
migrates towards the latter, and both become alike and throw out chromatin. 
The nuclei were not seen to fuse, but they elongate greatly, spindles are 
formed, and they divide, giving rise to four nuclei — i.e., two pairs at opposite 
poles of the cysts, composed of one nue’eus from each of the original lonns 
extending to the opposite pole of the cys-s. 



Fig. 49.- -Diagram of thf Life-Cycles of L. muris Grass! (con- 
structed FROM Wenyon’s Drawings). 


Each pair then fused to form one nucleus, and then almost immediately 
divided to form four nuclei, and these again to form eight nuclei. 

During this process the soft gelatinous cyst wall of the precystic stage is 
converted in a tough resistant envelope, inside which an inner membrane 
is formed (compare Amceba proteus). The outer cyst wall becomes tough and 
irregular in the faeces. 

Method of Infection. — The cysts now escape from the intestine in the normal 
faeces, in which the amoebae are not seen, these being only found in diarrlKcal 
motions. Cysts were used to infect by feeding a mouse, which was apparently 
free from infection, and in about three to four weeks cysts appeared lor the 
first time in the faeces, 
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Wenyon did not see the cysts burst and the amoebae escape. 

Wenyon says: * When we take into account the striking similarity ol these 
two amoebae (L. mmis and L. coli), both in the free condition and in their encyst- 
ing process, it is difficult to avoid the conclusion that they are idcnticah* 

In 1917 Wc^nyon and O’Connor i)ublished exceedingly valuable 
researches on tii(‘ diagnosis of L. coli and on the house-fly as a 
carrier of the cysts. 

We therefore sec that while a great deal is known as to the 
structure, life-Iiistory, and method of infection, there is still much 
to be observed. Arc Schaudinn and Wenyon correct in their 
descrii)tion of autogamy, or does L. coli really form gametes like 
Entamcrha blatter ? Is there any true schizogony ? 

After this ratluT long history, we will not enter fully into the 
structure of L. coli, but will only present a very condensed account. 

Morphology.- -In diameter it measures as a rule 20 to 40 //, 
although forms as small as 10 // and even 5 // have been described. 
The cytoplasm is vacuolated and contains bacteria, and extremely 
rarely one red corpuscle. The ectoplasm is not visible until a 
pscudopodium is about to be protruded. The vesicular nucleus 
resc^mbles that of tlu* Iclrageiia stag<‘ of L. liistolvtica, an account 
of which is given b(ilow, but the cyclic changes are not so well 
defined. The karyosomt^ when present is small, and is composed 
of two chromidia united by a chromatic substance. At the com- 
mencement of a cycle this karyosome is a round compact mass of 
chromatin connected with the periphery by a linin network with 
few chromatinic granules. This karyosome breaks up, its chromatin 
increasing in amount, the linin network becomes thicker, and 
therci are more chromatin granules at its nodes, and this goes 
on until all the chromatin is collected as blocks under the nuclear 
mernbraiK' and only a small granule is left in the centre, and then 
the cycle begins again by the growth of the granule into a large 
karyosome. 

Life-History.- -The life-cycle comprises two phases: a binary 
division by promitosis takes place (and not by amitosis, as de- 
scribed hy Schaudinn). The process of schizogony is described to 
take place by repeated division into two, forming two, four, and 
eight nuclei (vide Fig. 42, p. 292), which form eight little Loeschiae 
which begin the asexual cycle again, but this is very doubtful. 
Encystment takes place, followed by division of the nucleus into 
two, four, and finally eight nuclei. During this stage a large 
vacuole exists in the cytoplasm, which disappears in the eight- 
nuclei stage. Contrary to Schaudinn, Hartmann and Whitmore 
believe that no zygosis takes place in the cyst, but that eight 
little amoebie are formed which, on escaping from the cyst, they 
think may conjugate in pairs and form the synkaryon or zygote 
from which the vegetative forms arise after the manner described 
by Mercier in 1909 for E. blatter. Sometimes the cysts have more 
than eight nuclei — e.g., ten or twelve^ — which must be considered 
to be abnormal. 
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Bionomics. — L. coli lives in the lumen of the intestine, and feeds 
upon the contents of the bowel. 

Diagnosis. — ^Amoebae moving slowly with pale non-refractile 
pseudopodia, with a thin rim of ectoplasm and with an endoplasm 
containing all sorts of organisms and no red cells, and with a large 
distinct nucleus, are L . coli, and this diagnosis should be conhrmed 
by the discovery of the cyst because — 

1. The typical characters are liable to considerable changes, 
and the amoeba may be very like L. histolytica, as will be 
emphasized below. 

2. Wenyon and O’Connor’s researches confirm that L. coli 
will not, as a rule at all events, ingest red blood-corpuscles. 

With regard to the cysts, they measure from 13-38 microns, but 
the average is over 25 microns; the typical cyst has eight nuclei 
and the very large cysts sixteen. At times chromidial bodies may 
be present, making them look like T. histolytica cysts, from which 
they are to be distinguished by the number of nuclei, which in the 
motions is generally^eight. 



luG. 50. — Locschia coli Scuaudinn, Vegetative 'Form, stained. 

( X 1950 Diameters.) 

(After James.) 

Carriage by House-Flies.— Wenyon and O’Connor, working in 
Egypt, have shown that L. coli and L. histolytica cysts can be in- 
gested by house-flies (Musca, Fannia, Calliphora, and Lucilia) which 
have fed on faeces containing such cysts. These cysts can live in 
the gut of the fly so long as any faecal matter remains there, but 
die after all the faecal matter has been expelled, which takes place 
some twenty-four hours after the faecal feed. The cysts may be 
seen in the droppings of the fly as early as five minutes and as late 
as twenty-four hours after the faecal feed. 

As to the conveyance of cysts on the exterior of the fly, the 
observations of Kuenen and Swellengrcbel and Nicol show that 
flics do not move far until they have cleaned themselves, so that 
but little faecal matter is left, and as this dries the cysts perish. 

Method of Infection. — ^The experiments of Calandruccio and of 
Wenyon and O’Connor have proved that infection takes place 
f>cr os, and is due to the cysts; and that, further, these arc intro- 
duced most probably by food contaminated by the cyst-laden 
hecal matter of house-flies. 

Distribution. — L. coli is found in both the tropics and the Tern- 
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peratc Zone. In the former it is especially common in the fa'ces of 

native s. . i x j • 

Pathogenicity.- 7.. co/i is a. non-pathogeme commensal louncl m 
man, and possibly in rats and mice, and perhaps in other animals. 
Views as to its ])atliogenicity have probably arisen through mis- 
taking th(! t('tra/.!ena ])has(' of L. hislolyiica for L. coli. An Amoeba 
r(‘sem])ling L. co/i is found jn monkeys in which an Amaba rcsem- 
t)]ijig7.. liislolvlica , and calh^d 7.. 7 iiiilalli, is also found. 

Loeschia histolytica Schaudinn, 1903. 

S'ijnonyms — A viah a coli Loesch, 1S75; Enlamaha hisiolylica 
bcliaiidinn, 1903; Enlamaha ictrayena Viereck, 1907; E. africana 
Hartmann and Prowazek, 1907; E. minnla Elmassian, 1909; and 
A nucha dyscnicricc ('oimcilman and Latleur, 189T. Among the 
many doubtful s])('cic's of Amctbie found in man there must be 
many names wliich are synonyms of L. hisiolylica, but comparisons 
are very difficult, as descriptions arc often incomplete — c.g., Amcrha 
itrogcniialis Baelz, and Anurha pubnonalis Artault. 

Nomenclature.- 1'he correct name is Eocsehia coli (Loesch, 1875), 
as will be c'Xjilained Ih'Iow. 

Definition. — Loeschia with cytoplasm often containing red 
cor])uscles and with four-nucleate cysts. 

Historicak Early chserva lions - - discov(;red the anueba 

which he named Amaha coli in motions from a. case of dysc'ntery, 
and considiaed it to be pathogenic. It was by this name; that 
Ouinke and Koos in 189 > called the organisms found by them in 
dysentery. As a.lready stated, (h)uncilman and Eafltair calk'd an 
anueba found in cases of dysenteiy AmaLa dysenlcricr, and it is 
certain that tliis was Loesch's Amccha coli. An amoeba somewhat 
similar to thc' ‘ ft'tragena, stag(' ’ of L, hisiolylica was seen by Kruse 
and rascpiak' in t8()3. 

Wc thus se(* that the* correct name for thc dys('nte.ric amoeba 
is Loeschia coli, as Dobell lias pointed out, and that the correct 
nanu' for the harmless anaeba is L. hominis, because Casagrandi 
and Barbagallo called it JAiiamaha hominis in 1897, when it really 
had no name. Dnfortimately Schaudinn did not utilize this name, 
and in his revision aj)})lied the ti'i in ‘ coli ' to the non-])athogenic 
form, a.nd invc'iited tlu' name hisiolylica for the iiathogenic ammba, 
which is difficult to changi; at the iiresdit time, as there is no 
certainty that there is ad present finality in this nomenclature. 

Differenfiaiio}! - In 3902 jiirgens for the first time clearly 
differentiated the pathogeiric amceba, and in the following year 
{1903) Schaudinn studied and com]rared the morphology and thc 
life-cycles of his 7.. coli and liisL. hisiolylica, and thus established 
tlu'ir characters, and gave tlu* following account: — 

Morphology.— Its avciagc nuasuremont is 25 to 5<» in cliaiiKUcr, and 
(liLiclorc llu' average is greater than that of L. coli. it ronsisls of clear 
hyaline' eclo})la.';m and granular endoplasm, in which can be seen red blood- 
corpuscles, vacuoles, bacteria, and other matters, but the nucleus is not 
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clearly visible unless coloured by some preparation. When resting it is oval 
or spherical, but during movement it alters its appearance repeatedly, throwing 
out pseudopodia and creeping about. The nucleus is small. al)out 5 fi in 
diameter, and is poor in chromatin, and placed exccntrically sometimes clo^e 
to the periphery. The limiting membrane is dihicult to (lefine, an<l the 
amount of chromatin is relatively very small. A small karyosome can some- 
times be seen in the centre of the nucleus. 

Life-History. — It reproduces in three ways: (i) binary fission; (2) gem- 
mation; and (3) sporogony. 



Fig. 51. — Diagram of tiik Lii- c-Cycfes of Loaschia hisfolydca 
ACCORDING TO ScHAUDINN'S ViICWS. 

(Constructed from Craig's drawings in the Journal of Infectious Diseases.) 
A, B, Binary fission ; 1-8, spore-formation. 


1. Binary Fission . — This method was only discovered by Schaudinn on 
examining fresh specimens of the infected alimentary canal. 

The nucleus divides by amitosis into two, and then the cytoplasm splits 
into two equal daughter cells. 

2. Gemmation. — Gemmation, found more commonly than binary fission 
by Schaudinn, consists of the division of the nucleus by amitosis into two or 
more daughter nuclei, which, together with small portions of the cytoplasm, 
separate off from the mother cell, the daughter cell being smaller than the 
mother cell. 

3. Spore-Formation . — In spore-formation, wliich only takes place under 
favourable circumstances, such as when recovery is taking place after an 
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attack of dvsenterv the chromatin in and around the nucleus becomes 
diffused in Jo, c cytoplasm, and finally collets near the Pjrphcry ,^and ^the 

remains of the niu lcus disap])car, bemg either o each These 

ectoplasm forms small knobs, containing ■‘'f ^hromidia in each Ihe.se 
knobs and their chromidia become separated off as rounded c , 

becoming surrounded with a yellowish-brown envelope, form the spores tor 

the infection of a new host, as has been shown by Schaudinn s feeding experi- 
ments on cats, which dcvelopcil typical dysentery with the amrebae in the 
motions, in the lumen, and in the wall of the alimentary canal. Ihese experi- 
ments further proved that it was only by the spores that infection would be 
spread. The remaining portion of the amoeba dies after the formation of the 
spores. 


Recent Work. — Modern researches tend to confirm vSchaiidinn’s 
morphological description as well as his binary fission, but not the 
amitotic form of division, while the bud formation (Fig. 52) has 
been proved by James and others to be artificial, and the spores 
are regarded as not belonging to an Amoeba, but to some other 
organism in the faeces. 

In 1905 Craig in the Philippine Islands confirmed Schaudinn’s 
morpliological characters, and called attention to the rapid move- 
ments of L. histolytica and to the greenish 
tint which it often assumes in motions 
containing much blood. 

In 1907 Viereck stated that there were 
more than one pathogenic amad:)a in man. 
The second one, whicli he named Ent- 
anuvEa tetragena, looked like L. coli, but 
had only lour-nucleatc cysts, and this, he 
thinks, is the type seen by Quinkc and 
Roos and by Kruse and Pasquale. In the 
same year Hartmann and von Prowazek 
found an entamcel^a in patients coming 
from Africa, which could be differentiated 
by its nuclear structure from L. coli and L. histolytica, and this 
they named E. africana ; but later Hartmann, finding quadri- 
nucleate cysts, concluded that it was the same as E, tetragena, 
which is an accepted fact. 

In 1908 Craig, drawing attention to variations in L. histolytica 
and in L. coli, emphasized the difficulty in differentiation between 
these organisms, and in the same year Werner confirmed the exist- 
(‘iico of L. histolytica and of E. tetragena. 

In 1909 Hartmann states that Schaudinn knew about E. tetragena, 
and that of the. three, L. coli, L. histolytica, and E. tetragena, 
L. histolytica is the smallest, and has ectoplasm differentiated from 
endoplasm even at rest. Its nucleus is excentric, can be distorted, 
and does not possess a double contoured achromatic membrane, 
while its lack of chromatin is characteristic, there being only a 
little karyosome and a condensed layer of chromatin at the margin 
of the nucleus, while nuclear cyclical changes are rare. In the 
same year Noc wrote a paper mainly of an epidemiological 
nature, but also dealing with this amoeba, and Elmassian described 



Fig. 52.— Artifici a l 
i-JuDDiNG IN LoescMa 
histolytica Schau dinn. 
IN Moist Chamiuck 
Pkei’arations. 

(After James.) 
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E. minuia, which is to-day generally considered to be a stage of 
L. histolytica. 

In 1911 there appeared a valuable paper by Walker, in which he 
distinguished only L. coli and L. histolytica, but the latter was 
considered to have ' a tetragena stage,' a fact accepted to-day. 
He said that L. was hyaline, feebly refrangent, with active 

motility, feebly staining cytoplasm, and an inciistinct nucleus, 
with a relative paucity of chromatin, which was present as a barely 
perceptible layer on the inner surface of the nuclear membrane, 



Jo(;. 53.- DiAtiKAM OF THE Life-Cycles OF' Locschia hisiolylica vSchaudinn. 


(Constructed from Hartmann’s dreiwings in the Archiv fi'ir 
Schiffs- U7id Tropen-Hyfriene.) 

I, Fully grown parasite; 2-6, stages in cncystment and nuclear division. 


with or without a few fragments scattered in the nuclear network 
(histolytica stage), or as a more extensive but loose peripheral 
granular layer and a loose central karyosome (tetragena stage). 
All cysts were quadrinucleate. 

In the same year Whitmore and Akashi published contributions. 

In 1912 Hartmann came to the conclusion that there really was 
only one pathogenic amoeba in man, and that this was E. tetragena, 
the morphology and development of which he studied. 

This was the view which we adopted in our second edition, and 
Hartmann’s observations may be gathered from the following 
account: — 
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M()Yphol()(^y .- — It is usually about 25 to 40 f^i in diameter, but may 
be as small as 20 //, 10 //, or even 5 //. Wlien at rest it is spherical, 
but varies in shape wIk'U in motion. The ectoplasm is usually 
well defined, and in ps< udopodia is seen to consist of hyaline highly 
refractive jirotojilasm, but this differentiation is sometimes difficult 
to define'. The (‘udojilasm is greyish in colour, and usually contains 
red blo()d-Gor])uscl('s as well as other matters. The vesicular 
nucleus is ch^arly visible, and has a well-defined membrane on which 
chromatic granules an^ distributed. In the centre there is a karyo- 
somc^ surroimd('d by a ch'ar an^a, and containing a centrosome. 
A cycle of clianges is constantly proceeding in the nucleus: first 
cliromidia break a.way from the karyosomc and pass outwards into 
llu' nucleus, and this procec'ds until little but the centrosome is 
h'ft, wIk'U it ceas('S, and chromatin begins to accumulate again 
around the centrosouK', until the karyosomc is re-formed, when the 
cycle Ix'gins again. 

Life II isiorw — As('xual r('])roduction is by jiromitosis. Sporogony 
is rare', and when it occurs t(“iids to cyst formation, before which 
tlu' aimebre become small, and their chromidia form three to six 
masses. The cyst sometimes contains a large vacuole. Nuclear 
division takc'S ])la.ce until four nuclei are formed. The further 
life-history is unknown. 

In 1912 Calkins gave his account of the Genera and Species of 
Am(el)je, II assail his vrduabh' bibliography, ('rawley his list of 
Parasitic AmaPa', ('raig his n'lationshi]) of Parasitic Amcebai to 
I)isea,s(‘, Darling his identification of Pathogenic Panama Amoebae, 
and von krowazek tlu' structure' of tlu' nucleus of parasitic AmcebrT, 
while' ]am(‘S contribute'd two ])a])ers em tlie clinical ielemtification 
ol tile IhitarncL'ba' and on infe'ction with /:. ietragena. In the latter 
e)f th('S(' ])a])eis it is stateel that the' histolytica phase is found in 
infectious with acute syniptouis, while the' ieiray^ena phase is found 
in more chronic infections, ('raig fea'inulates a life-histeiry for 
L. histolytica as follows:- - 

1. Peg( 7 a//('r Staye : Histolytica-jihasc in acute dysentery; 

te‘trag('na-])liase in chre)nic eiyse'iitery. 

2. Precvstic S/ul^c : Ameelia' decrease in size (minuta-phase), 

and the' nucleus is intermeeliate in type between the other 
twe> ])hases. 

g). Cystic St a ye : ('ysts 7-20 micrems quaelrinucleate. 

In lejig Whitmem' givi's an account of his own and the work of 
Vie'i'c'ck, Hartmann, anel Huber. In 1914 tlieu'e appeared a most 
imi)e)rtant ])a.j)er ])y Jame'S ek'tailiiig histeirical matter, me)rplie)le)gy, 
and classiticatiem anei technique, with re'gard to the Entameebce of 
man. In 1917 ('raig gave an excellent summary of the Ameubae 
parasitic in man. 

We thus See' that although L. coli anel L. histolytica are distinct, 
it is difficult te) effe ct a eliagneisis in the trophozoite phase, and that 
histolytica, tetrage'iia, and perhaps minuta, are phases of one and 
the same organism. 
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In the same year there appeared paper's by Weiiyon and O’Connor 
on the ‘ Human Intestinal Protozoa in the Near East/ detailing 
the characters of E. histolytica, and l)y Chalmers and O’Earrall 
with regard to its presence in tlie urinary tract, wliich brings in 
the synonym Antfcha 7 tro genital is Baelz, 1883. 

Wenyon and O’Connor considia* tliat no inaction can be ascribed 
to L, histolytica unless some ammb^e witli includc'd red corpuscles 
are present or unless typical cysts are ])res('nt in tlie stool. An 
amoeba witli retractile ectoplasm, and indistinct nucleus and activ(^ 
movement, is most likc^ly to be L. histolytica, but those characters 
alone will not distinguish the organism. 

For tlie diagnosis o^ Aimebre tliey aiy down the following rules a — 

1. Amoebai containing red blood-corpusch^s are I . histolytica, 

whether the stool is dysenteric or not; and, further, they 
indicate an active dysentery. These cases urgently 
require emetine treatment. 

2. Amcebac, none of which contain red blood-corpusck'S, 

occurring in a. dysenteric motion are indica.tive of L. coli 
or of L. histolytica in a carrier, while the cause of the 
dysentery is not an amceba; and these ca,sos should be 
watched for a few days, witliout treatment, with a view 
to linding the cysts. 

3. Amrebae, none of which contain red blood-corpuscles, 

occurring in non-dysenteric motions may be L. coh or 
L. histolytica, and diagnosis has to be made by finding 
the quadriiiuch'at cysts, i)erlia])s, after several days’ 
observation. 

In 1918 Dobell showed, by experimental infection of tadpoles, 
that L. histolytica and L. ranarnm were distinct species, and with 
Jejips drew attention to tlui existenci^ of diverse^ races of L. histo- 
lytica, which could b(‘ distinguished by the dimensions of the 
cysts. 

The above does not complete the history, but is as full as space 
permits, and we will now turn to the morjihology. 

Morphology- —Ecgc/nV/Tc Stage : Young Trophozoite Phase . — ^This 
phase may also be teruKKl the histolytica, phase, as defined above. 

It occurs when active dysenteriG iu'ocess(;s are proceeding in the 
bowel, and is represent c‘d as a rule in the fresh condition by large 
amoebae measuring from 30-90 microns in diameter, but exception- 
ally being present in small size. a rule its motility is very marked, 
often starting with such a. ra])id action a.s to be worthy of the nanvi 
ex])losive. The i)seudoi>odia are broad, and may bo solely ecto- 
plastic, or l)e composc'd of (uidophism as well. The (^cto})kism may 
be clearly distinguishable from the endoplasm even wIk'U the aanceba 
is at rest, but often tlu're is no such distinction. 

The cytoplasm may have a well-dehmjd light green colour, or 
more usually this colour is wanting. It may contain a, number 
of vacuoles, or it may not. It often possesses a number of ingesttxl 
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red blood cells, but at times these are wanting. It may be vacuo- 
lated, or it may granular. 

The nucleus in the fresh six^cimen is usually difficult to see. It is 
excentric, poor in chromatin, and easily altered by internal pressure. 
It possesses a very delicate membrane, with a few peripherally 
arranged grains of chromatin. 

In stained specirmms there is rarely any differentiation of the 
ectoplasm from the endoplasm. The cytoplasm may contain 
vacuoles, erythrocytes, and perhaps the phagocyted nuclei of other 
cells. The nucleus, unless distorted, is roundish, possesses a delicate 
nuclear membrane, under which a thin band or a few grains of 
chromatin may lie. The centre of the* nucleus is occupied by a 



lor.. 54. I’HOTOMirKOeRAPIJ OK THE LiVINc'. ANi:) Iv.WTDEY MoVT.MCi 

Lofschia kislolytica Soiiaudjnn, in the '^'ohng Trophozoite Stage of 
Acute Dysentery, (x 1,500 OfAMETEKs.) 

(b'rom the Journal of Tropical Medicine.) 

karyosome, which may contain a very minute centriole. The space 
between the karyosome and the nuclear membrane sometimes sliows 
a delicate, poorly staining network, at the nodes of which lie line 
granules of chromatin. The (judical changes described by Hart- 
mann for the next stage are not visible. 

James has pointed out that when stained by Hastings’ and 
Giemsa’s method the nucleus takes on a light blue colour, and con- 
tains a dedicate network of blue threads, and a number of line red 
coloured threads and bars scattered irregularly over this network, 
composed of a substance which he calls eryihrochromatin, to 
distinguish it from the true chromatin. 

Old Trophozoite Phase , — ^This is the phase so carefully described 
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by Hartmann under the heading E. tetragena, and often called the 
tetragena phase. It resembles tlie histolytica phase in many par^ 
ticulars, but differs therefrom in the fact that the nucleus is usually 
clearly visible as a well-rounded globular vesicle plainly set off from 
the cytoplasm by a stout double contoured membrane and showing 
in the middle a small karyosome, surrounded by a clear structure- 
less zone, between which and tln^ nuclear mcml)rane tlu^re is a linin 
network on which granules of chromatin are distributed. 



Fig. 55. — Loeschia histolytica Schau- 
DiNN, Young Trophozoitk Fixed 
. AND Stained, showing Nucleus 
T o and Phagocyteu Ked Blood 
I Cells, (x 1,950 PIiameieks.) 



Fig. 56. — Loeschia histolytica Schai:- 
DiNN, Old Trophozoite or 

Tetragi^na Phase. Stained 

Preparation, (x 1.950 Diam- 

]v l EKS.) 


(After James.) 


This nucleus undergoes cyclical changes, but in a given prepara- 
tion, as a rule, all the amoebae show the same appearance. The 
cyclical changes are: — • 

1. Large blocks of chromatin under the nuclear membrane, a very 
definite karyosome^ containing a centriolc (Fig. 57, a, and 58, a). 

2. Many small granules of chromatin scattc^red under the mem- 
brane and at the margin of the karyosome (Fig. 57, h), .. 



Fig, 57. — Nucleus ov'Loeschia histolytica Sctiaudinn, Old Trophozoite 
Phase. Stained Prkparati ns. (x 1,950 Diamkticrs.) 

(After James.) 

Note the cyclical changes described in the text. 

3, Chromatin more concentrated under the nuclear membrane 
and at the karyosome margin, while a clear zone is appearing around 
the centriole (Fig- 57, c). 

, 4. Chromatin under the membrane and at the karyosome margin 
(Fig. 57. d). 
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5. Chromatin has l(‘ft the karyosomc margin and i)assed over the 
linin mdwork towards tlu* mick'ar membrane (Fig. 57 ’ ^)‘ 

(). TJie contriole swells and re-forms the karyosome, and so the 
eycl(‘ Ixigins again or the amceba divides (Fig. 58, h). 

Life-History.- 'Z. Jiisiolyiica may reproduce by binary fission 
during the v(^getativ(' stage, or it may encyst. 

The first is the method by which it increases its numbers in a given 
host, and tlu^ second is for the purpose of passing from one host to 
anotluM'. 

Tlu^re is no sure ('vidence of schizogony. 

Simple Division.- The centriolc divides into two parts, each of 
wliirli travtils to opposite sides of the karyosome and are connected 
by a, thread, tlu‘ ccnirodesmosc. Tlie further stages require study. 

Encystment- Precystic Phase — -AW the amoebie present in a given 
case rediiGi'. in size (L. mimda), but thefir numbers arc augmented. 
The amcebje become sluggish and have a clear ectoplasm, but the 
nucleus is not easy to see, and cliromidia may or may not be present 
in the cyl()])lasm. The nucleus is si)herical, with a thick regular 
membrane and with chromatin granules near the periphery. The 
ka.ryosom(‘ shows no centriole. 



lac. 5S. -l.ocschia hisiolylica Schaudinn; Old Trophozoite Pifase sitowino 
T ine JoRST AND I. AST STAGES OF THE CYCLICAL NucLEAR ChANGI'S. 
(x 1,030 DiAMiiTERs.) (After Jaiiie.s.) 


Cv.s/fi’ P//i?S(X~-Different strains produce cysts of different sizes — 
e.g., small cysts 7-10, medium ()-i2, large 12-18 microns in diameter. 
( liromidia aia* formc'd in tlu* cytoplasm, and may be derived from 
the nucU'US, and may function as food material. The cytoplasm 
becomc^s granular and the nuchns swollen and elongated. An 
intranuclear sffindle is formt'd between two centrioles situate at 
each end. The chrome tin forms rows of granules extending from 
pole to pole. l'h(* nucleus divides and the daughter nuclei entei the 
resting stage, in which they remain for a long time. Each of these 
subseqvu'utly again divide, giving rise to the typical quadri nucleate 
cysts. Ih'niold, Woodcock, and Drew have brought evklence to 
show that, as a rule, the aimeba escapes undivided from the cyst. 
No one has so far seen any flagellate forms or any gametes. 

Infection.- - Darling in 1913 showed that only the cysts were in- 
fective', and that they are ingested with food, and must not have 
been jiassial out of the original host longer than two or three days. 

Wenyon and O’Connor in iqif) have proved that, as in the case 
of L. coli, house-flies can ingest the cysts, which arc subsequently 
passed on to human food, and so the infection carried from man to 
man. 
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These researches clearly prove that the method of infection is by 
cysts passed in faecal matter entering the flies, and so rcachinj^ human 
food, as direct faecal contamination is not so likely, though, of course, 
it may also be a method of infection. 

Further, these cysts are spread abroad by the f:ecal matter of 
human carriers — persons who have recovered from amccbic 
dysentery, and even those who have never suffered in this maimer. 
These carriers are the human reservoir of the parasite. 

Diagnosis. — -Amoebce present in human faeces and containing red 
blood-corpuscles are, as a rule, L. histolytica. Amoebae without 
red corpuscles require differentiation by the cysts, which must be 
sought during several days. Quadrinuclcate cysts belong to 
L. histolytica, others arc doubtful or definitely negative. 

Cultivation.- — Since the days of Auerbach in 1856 attempts have 
been made to cultivate pathogenic amoebae in pure or contaminated 
cultures. With regard to L. histolytica all such attempts were 
failures until Cutler aj^parently succeeded, in 1918, on Dean and 
Monat’s egg medium, to which a few drops of blood had been added, 
and on blood-clot medium. The media were inoculated with blood 
and mucus from motions passed not longer than tliree hours, and 
were incubated at 28''-3o'' C. In culture the amoebm varied from 
8-30 microns in size, with homogeneous but often vacuolated cyto- 
plasm containing ingc^sted red blood cells and moving typically lik<5 
L. histolytica. Uninucleate^ and binucleate forms were sc^en. Cysts 
were obtained by ceasing to subculture for two to threes da,ys and 
then placing the culture for two hours in an ice-chest. 

Cysts from the culture })roduc(Kl typical dysenteric lesions in 
cats by feeding and by inoculation high into the rectum by means of 
a catheter. 

Strains. — Vide historical section (p. 313). 

Pathogenicity,- — L. hisloiyiica is the cause of amcebiasis in man 
and animals, causing aincebic dysentery and amcebic abscesses in 
the liver and other parts of the body. 

Loeschia gingivalis Gros, 1849. 

Synonyms. — Amadxi y^ingivalis Gros, 1849; A. huccalis Sternberg, 
1862; A. dentalis Grassi, 1879; dentalis Braun, 1883; Entamcjeha 
huccalis Prowazek, 1904; A. maxillaris Kartulis, 1906. 

Definition. — ^I^oeschia with cysts containing only one nucleus, 
cytoplasm often containing red blood-corpuscles, ecto]3lasm only 
visible during motion as a clear highly refractive layer. Nucleus 
as a rule not visible. Reproduction only by simple fission. 

History. — This amoeba, which occurs in the mouth in healthy 
and diseased conditions, was first described by Gros in 1849, and 
was afterwards studied by Sternberg, Grassi, Prowazek, and men- 
tioned by Braun, and is ]U'obably the same as Kartulis’ organism. 

Morphology.- -Its size; varies from 7-35Tmicrons, tlic average 
being 12-20 microns. 

The ectoplasm is only well defined during movement, which is 
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quite active, and takes place by short blunt or long tapering pseudo- 
podia. The endoplasm is granular, containing non -con tractile 
food vacuoles and often red blood-corpuscles. Ihe nucleus as a 
rule is not distinct. 

Life-History.- — Riproduction apparently only takes place by 
simple fission, wliih'. cyst iormation, which has been observed, is 
belic'ved to l)e piin'ly prote ctive, as they contain only one nucleus. 
The cysts may measure from 8-io or more microns. 

Animal Experiments.— All attempts to produce dysentery in 
animals by means of this amteba have so far been failures. 

Pathogenicity. — It has been accused, without sufficient proof, of 
being the cause of pyorrluea alveolaris. 

Doubtful Species. 

The Slice irs to be now described arc not considered as ‘ good ’ by 
many authorities, but W(‘ give a brief account of them for the sake 
of completeness. 

Loeschia tropicalis Lesage, 1908. 

Lt.'sagti, from his studies ol tropical dysentery, has come to the conclusion 
that, just as there is a Lo/schia coli Loesch parasitic, but non-pathogenic, in 
the intestine ot man in warm and temperate countries, so there is another 
ammba parasitic, but non-pathogciiic, in tlie intestine of man in the tropics. 
"J'his parasite he names L. iyopicalis. 



Fig. — Locschia tropicalis Lksac.ic, igo8 ; Diagram of the Life-Cycles 

CONSTRUCTION l-'ROM LeSAGE’s DRAWINGS. 

(Constructed from Lesage’s drawings in the Bitllclin de la Socicti de Pathology 
Exoti.jue, showing binary Jission and spore formation.) 


It resembles L. coli by having a nucleus which contains much chromatin 
and by becoming encysfed, but it dilfers from the same in having a clearly 
visible ectoplasm , by the .small sizi^ of its cysts, and by the fact that the nucleus* 
of the cysts breaks up into a number of nuclei, which are from three to several 
(he draws thirteen in one cyst). This entaiiKxiba can be cultivated along with 
bacteria, but is non-pathogenic to animals. 

I>esage considers tins to be the same ainadia which was studied and culti- 
vated by Musgrave and (Tegg, and lliiiiks that the production of dysenteric 
symptoms in their experiimaits was due to contamination with the minute 
spores of Looschia histolylica . Walker in igo8 descrilies as a new sjiecics, 
E. homuiis, whicli may jiei hajNS he the same as E. tropicalis. 

Pathogenicity. Tt is a harmless eommensal in the alimentary canal of man. 

Culture. — It can be cultivated in symbiosis with bacteria. 
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Loeschia undulans Castellani, 1905. 

Synonym. — Eniamceba undulans Castellani, 1905. 

This amoeba was found in faeces from persons suffering from diarrhtea in 
Ceylon, together with other intestinal protozoa — e.g., Cercomona.t ' and Tricho 
monata. A somewhat similar ^'.mocb.i has been found by G.i.nducheau in dogs. 

It varies in size, being from 12 to 30 ;/ in diameter, but there may be mucdi 
smaller individuals. It has no flagella, but possesses an undulating membrane, 



Fig. 60. — Loeschia undulans CASTiiJ..LANi, 1905, 

and long straight pseudopodia, which arc rapidly emitted and retracted, only 
one pseudopodium being protiuded at a time. There is no marked dillerenti- 
ation into ectoplasm and cndc^plasm, and a non-contractile vacTiole is usually 
to be seen. The cytoplasm, which is finely granular, often contains bacteria. 
Castellani is inclined to consider 1his parasite as a developmental stage of 
Ceycomonas hominis, as was his original opinion. Perroncito long ago de- 
scribed an amoeboid stage of Ccrconionas hominis. Wenyon considers it to be 
a stage of a Cercomonas. 

Loeschia phagocytoides Gauducheau, 1908. 

Synonym, — Entamoeba phagocytoides Gauducheau, ipijS. 

Loeschia phagocytoides was discovered by Gauducheau in Indo-China in a 
case of dysentery. It is very small — only 2 to 1 5 g in diameter — very actively 
motile, and possessing a well-developed ccto])lasm . 1 1 can be easily cultivated 

or ordinary agar-agar inoculated with Bacillus typhosus or (Aher bacteria, 
which it readily engulfs and digests. Some individuals show in their cytoplasm 
peculiar spirochacte-like bodies. 

Loeschia minuta Flmassian, 1909. 

Synonym. — Entamoeba minuta Flmassian, 1909. 

This amoeba, found by Flmassian in a case of chronic dysentery in South 
America, resembles JL. teiragena, but is much smaller, rarely exceeding 14 // 
in diameter. . There is no differentiation between the ecto- and endo-plasm. 
The nucleus is invisible in fresh preparations, and when stained is rich in 
chromatin. Encysted forms contain four nuclei. 

Loeschia nipponica Koidzumi, 1909. 

Synonym. — Entamwba nipponica Koidzumi, 1909. 

This entamoeba was found by Koidzur i in the motions of cases of dysentery 
and in healthy people in Japan. In the former case it is associated with 
L. histolytica, which it resembles in size (i 5 to 30 n) and in the marked difference 
between the ecto- and endo-plasm. The pseudopodia are never spinose; the 
endoplasm is vacuolated, and more granular than in L. histolytica. The 
nucleus is well definod (5 to 7 /v), and rich in chromatin. This aimeba repro- 
duces by fission, schizogony, and sporogony. 

Loeschia hartmanni Prowazek, 1912. 

Found in man in Savaii. It is 4 to 13 g. in diameter; nucleus veskular, 
^ fo 3*3 ; cysts small, quadrinucleate, characterized by a thin, bacteria-like 

arrangement of chromidia. 
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Loeschia wiJIiamsi Prow^izck, igii. 

This Loeschia is considered io be ideiilieal wilh L. coh Locsch. 

Loeschia brasiliensis If. Banrepaire Aragao, 1912. 

Bcseniblcs /.. coli. (bsis 7 to 15 P iii dianuder, with cM^dit nuclei and a 
(lonlde conh)ii!- ninul )i;nu‘. 'I'lie cysts are charactenzed by the presence of 
a certain a.nionni ol sidi‘roj)liih' snbstance which divides the cysts into two 
portions of ncaj'ly equal size. 

Loeschia biitschlii Prowazek, 1912. 

Synonym, hbihinurha hntsoklii I'rowazek 1912. 

h'oiind in a. bov' in the Caroline Islands. It va.rit's in size from 10 to 24 p ; 
coars(' a.lv(‘()lai ( ylojilasm; uik lens vesicnlar; rounil ka.ryosome and centriolej 
cysts roundish said to dilha* from those of L. coli. 

Loeschia mortinatalium Smith and Weidman, 1910. 

Synonym, -EmhuiKrha morlinalalimn Smith and Weidman, 1910, 
mid ])erha])s Aniaha puhnonalis Artanlt, 1898. 

Definition. TvCH'scliin, of lar^c size, 22-38x20-25 microns, with 
nucleus 10 microns in diameter, witli well-defined membrane, large 
ka.i'yosonuq <aT]d occasionally a. ceiitriole. 

Remarks.- Somewliere a.i)0iit 1890 Ribhert found amcebae in tlie 
kidneys and parotid glands of infants. In 1898 Artault observed 
tinyebc'e with a nuchais and a vacuole in a lung cavity. Brumpt 
has setm similar anuebte and R. Blanchard has found some in the 
lungs of sluaq). which may or ina,y not be tlic same as the Entamaha 
ovis Swadleugi'obel, if)i4, found in th(‘ gut of shtad). Tliis latter 
measures 12 -11, x 11-12 microns. .Its cysts are 8 microns in 
di;i under, uniniich'attq with a glvcogcdi vacuole. In 1904 Jesionek 
and Kioleiiiengolou (ound <amtel)te in the kidneys, liver, and lungs 
of an (dght months syphilitic feetus. In 1910 Smith and Weidman 
found an aiiia‘l)a in tiie kidneys, liv(a', and lungs of stillborn full- 
term f(etus, and in 191x1 tiuw found tludr L. niovlinataUum again in 
tlu' lungs of a two- inoiitlis-old child which was syphilitic and died of 
])ii('um(>uia. Alkey a.nd (dialiiiers have observed arncebm in the 
s])utum aud in file lungs of a case of pneumonia in tlie Anglo- 
k^gyptiaii Sudan, uuassoeiated wdtli any known history of dysentery, 
which tlu'y tliougiit were possildy L. histolytica. Time must show 
what these aiiKelr'e really are. 

Loeschia minutissima Brug, 1917. 

Synonym.— /:. ininutissi ma Brug, 1917. 

A V('ry small amoTa. .|-ir \-p8 microns. Usually b-5-7x5-6 
microns. 

Loeschia tenuis Kiuap n and Swell engrebel, 1917. 

This anueba, wliicli was d(‘scri])ed as EntauKvha tenuis, measures 
{) () luiei'oTis in diaiut ter, wdtli cysts 6-8 microns, and one to four 
nueli'atcd, is ver\ like E. luuia of Wi'uyon and O’Connor and the 
li. luiniita of Woodcock and l\*nf<>ld, wTiicli la.tter, however, is said 
to be the same as E. histolytica. 
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LoeschicB in Animals. —Ihaagh somewhat beyond the bounds of 
tile present work, we may mention tliat amceba;, believed to l^elone 
to the genus Locschia, but re- 
quiring restudy in the light of 
recent researches, occur in 
several vertebrates — e.g,,L. mii- 
talli Castellani, 1908, found 
in liver abscesses and dysentery 
in monkeys in Ceylon; L.cohaycB 
in guinea-pigs, L. enicrica in 
cats, etc., L, muris Grass! in 
mice, considered by Wenyon 
to be L. coli, L. fecalis in 
several animals, L. intestinalis 
in horses, etc., L. galloparvcB Fig. 61. — Loeschia nuttalH Castellani, 
in turkeys, L. ranamm Grass! ^9^8 containing Red Bi.ood Cklls. 
in frogs, and many more. 

Genus Vahlkamflia Chatton and Lalung-Bonnaire, 1912. 

T)^^n\X\Qn.~-Gymnam(xhida, with vesicular nucleus (protokaryon) 
luiving one large' karyosome with or without a ceiitrosome, with little 
peripheral chromatin, with division by promitosis. ( ysts typically 
uninuclear. 

Remarks,- -Practically all cultivable amoebex isolated from human 
stools and potable water by various observers belong to this genus. 
Crojiper has grown a peculiar amoeba belonging to this genus in 
citrate solution. 

Type. — Vahlkamfia Umax Dujardin, 1841, emendavii Valilkamf, 
1904. 

Vahlkamfia punctata Dangeard, 1910. 

This amoeba was found in Indo-( hina in the motions of a case of 
diarrhoea. The ectoplasm is rarety visible, and the endoplasm is 




_[TxG. 62 . — Amceba and Cyst found in Human Fajces and possessing 
THE Limax Type of Nucleus, (a) Trophozoite, [b] Cyst, (x 1,950 
Diameters.) 

(After James, from the Annals of Tropical Medicine and Parasitology.) 

very basophile, while the method of division is by prornitosis. The 
cysts are 8 to 12 ^ in diameter, with a thin wall showing a double 
contour ornamented with punctations, and always uninucleate. 
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Vahlkamfia lobospinosa Craig, 1912. 

Synonym.— ^ lohospinosa Craig, 1912; V, withmorei 

Hartmann, 1912. 

This amoeba was cultivated from a dysenteric stool from a patient 
in Manila in 1905, and first described by Musgrave and Clegg. In 
TQ12 it was studied by Craig and called Aincrba lohospinosa, also by 
Williams and Calkins, by James, by Liston, and by Wells. 

James, in the Canal Zone, obtaimal this amoeba for a considerable 
])(‘riod from the Lvees of a patient which were guarded against con- 
tainination, and iiencc it must be admHted that it can live for a 
tim(‘ in the intestine of man. but it is probably non-pathogenic. 

On the oilu r hand, in all the other n^ported cases it has occurred 
as an a(aaa.l contamination of th(‘ faeces or ])us in which it has been 
found. It was first cultivated by Musgrave and Clegg. 

Oi in-K SpI'XIks. 

In .1917 Kiuaien and Swelhmgrc^bel divided the species of Limax 
am<vh(c into three ty])c‘S, the Limax, the EndoUmax, and the Pseudo - 
Umax : but taking V .Umax Dujardin. 1841. cmendavit Vahlkamf, 
1904, as the typci species, and allowing that V . lacustris Naegler, 
T900. is tile sam(“ species, the following are known: 

A Small forms, 3-15 microns : — 

(-'ysts 1*5 microns in diameter — V. limax Dujardin, 

1 847, emend avil Vahlkamf, 1904. 

( ysls over 7 microns in diameter. 
in) Karyosome surrounded by a peripheral row of 
cliromatin granules- -L. laceriw Hartmann, 1907. 

(h) Karyosomi' not so surrounded- -L. froschi Hart- 
mann and Prowazc'k. 1907. 

Ik Medium-sized forms, 15-30 microns : — - 

(d) 1 ropliozoite binucU'atc'- — fh diploidca Hartmann 
and Naegler, 1908. 

(/») Tro]diozoite uninucleate: — 

1. ('ontractih' vacuoh^ present — F. fachypodia 

Claeser, 1912. 

2. ( ontractiU' vacuole absent — V. polypodia 

Scliutze, 1875. 

C. La r^^e forms rcachim^ io 50 microns : — 

(a) Trophozoiie binuchaitc- d\ hinncleaia Gruber, 
1884. 

(h) Tr()])h()Zoite iminucleah' : — 

1. Eclo])lasm like a lamella- -IL lamellipoda 

Glax'ser, 1912. 

2. lxt()])lasm not so distinct : — 

(1) Nuclear division inomitotic- -V . alMda 

Naegler, 1909. 

(2) Nuclear division mesomitotic — F. guttula 

Dujardin, 1912. 
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V. binucleata may be a stage in the development of Pelomyxa, 
which appears to be impossible to Jepps and Dobell, while Alcxeieff 
places it in a genus Hartmonnella with a type H. hyalima Dangeard, 
which Jepps and Dobell say is quite different. It probably requires 
a new genus creating for itself. V . diploidea was obtained by 
Hartmann and Naegler in cultures from lizard feces, and has been 
found by Jepps and Dobell in human feces which had been kept for 
some time. Alexeieff i)roposes to place it in Sappinia Dangeard, 1896. 
V. pcedophthora Caiillery, 1910, is like V . Umax, but is parasitic in the 
eggs and embryos of a crab, belonging to the genus Peltogaster. 

Vahlkamfla nana \V(‘nyon end O’Connor, 1917. 

Synonym.- -A nam Wa iiyon and O’Connor, 1917; 
V ahlkamfia nana Brug, 1917- 

Definition. — Vahlkamfla of small size {5-10 microns), moving 
slowly, with blunt ectoplasmic pseudopodia, nucleus with iiKimbrane 
and large central karyosoiiKo cysts 7-8 x 8-10 (when elongated) 
microns witlij^jOnc to four nuclei, without chromidial bodies. 



a h 

Fig. 63. — Vahlkamfia nana (Wknyon a.nd O’Connor, 1916). 

(a) Trophozoite, fresh conditions; (h) trophozoite stained preparation; 

(c) cyst with two nuclei. 

(After Wenyon and O’Cx^nnor, from the publications of the Wellcome 
Bureau of Scientific Research.) 

Remarks. — This amceba was found by Wenyon and O Connor in 
Egypt, and we have seen it in the Anglo-Egyptian Sudan and 
Southern Italy. It has been confused with L. coli, L, histolytica, 
and V . Umax. V. nana has not been cultivated. 

Time will be required to show definitely its generic position. 
Provisionally we have placed it under Vahlkamfia, though its cyst 
is hi nucleate. 

Genus Dientamoeba Jepps and Dobell, 1918. 

Definition. — Gymnanurhida of small size, without a known flagel- 
late stage, and typically binucleate, with both nuclei of the same 
size and structure. 

Type S^QQiQ%.- -Dicnlam(vl)a fragilis Jepps and Dobeh, 1918, 
found in man. It is the only known species at present. 

Dientamoeba fragilis Jepps and Dobell, 1918. 

’De^mtion.—Dientamaeba with the generic characters. 

Historical. — ^This amceba was first detected by Jep])s and Dobell 
in 1917 in a native of the British Isles who had never been abroad. 
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but was suffering from slight diarrhoea, attributed to a chill. It was 
found in British soldiers who had been to .Salonika, and in natives 
of New Zealand serving as soldiers. In all it has been seen in seven 
cases. 

g Morphology.— It is a very small active organism, measuring when 
rounded some 3 •5-8-10-12 microns in diameter, and moving about 
by means of extremely thin, hyaline, leaf-like pseudopodia composed 
of sharply defined ectoplasm. 1 he rest of the body is often rounded, 
and consists of granular endoplasm, and is situate posterior to the 
ps(nidopodia, thus giving a snail-like appearance during active 
movement. 

Th(i cytoplasm is alveolar and contains bacilli and cocci. There 
is no contractile vacuole, but there are diffuse brown-stained 
patches indicative of glycogen in iodine-stained preparations. 
The amceba is binucleate in about 80 per cent, of the forms ex- 
aiuin(‘d, and these nucha are usually invisible in the living organism. 
In stained preparations they are 2 microns in diameter, and cicb 
contains a large central karyosome surrounded by a clear zone, which 
is traversed by a few very fine radiating linin threads, and which 
separates the karyosomt‘ from the extremely delicate nuclear mem- 
brane, on which there is no chromatin. There is sometimes a 
separate granule to be seem lying in the centre of the karyosome, 
which is the centriole of many authors. 

Life-History. -No signs of division or cyst formation have been 
ob. served. 

Habitat.- -'fhe intestine of man, ])robably in the colon. 

Food.— -Small bacteria and yeasts living in the intestinal contents. 
Pathogenicity.— It is l^elieved to be non-pa tliogenic. 

Cultivation. — .So far all attempts at cultivation have failed. 
Binucleate Amoebae. — We have already noted under the genus 
Vahlkamlia two binucleate amoebae iii addition to iiana- viz., 

V , diploidea Hartmann and Naegler, 1908, with occasional uni- 
nucleate forms, and lb hinncleata Gruber, 1884, and have shown 
that they ])ro])abl3^ are not Vahlkamfia and equally they are not 
Dtentamu ha. Anotht'r binucleate form may be Amcrha mira Glaeser, 
1912, about which there appears to be much doubt as to whether 
the name was given to a binucleate or uninucleate form. Schau- 
dinn's Par amah a is a marine binucleate amoeba, and forms a genus 
in which Jaiiiclei in 1912 ])laced some of Grassi’s x^arasitic amcebai 
found in Sagitta. In these amoebae the two nuclei are dissimilar, 
one being a nucleus and tin* other a Nebcnk( erper. Craigia (vide 
infra) may also possess two dissimilar bodies, one a nucleus and 
the other like a Nebenkoerper. 

Genus Craigia Calkins, 1912. 

Definition. — Gymnamcebida, free swimming or ]>arasiiic, with a nniflagellalc 
swarm stage, and with or without an extranudear Nebenkoerper-like body 
in the endoplasm. Ectoplasm seen on movement; size 10-25 microns 

History.— -In 1896 Schaudinn described the life-history of Paramceba eilhardi 
bchaudinn, 1896, which possessed a cytoplastic extranudear body, which he 
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called a ‘ Nebenkoerper.* Reproduction was by simple fission and by cyst 
formation, in which the parasite broke up into a number of spores, each of 
which contained a piece of the nucleus and a piece of the Nebenkoerper. Each 
of these spores develops two flagella, and breaking out of the cyst forms the 
swarm stage. Finally the flagella are lost, after longitudinal division, and the 
spores become small amoebae. 

In 1906 Craig found a parasite resembling that described by Schaudinn 
in the faeces of patients suffering from chronic dysentery in the Philippine 
Islands. He considered that they v\ ore the pathogenic agent of the symptoms 
from which the patients suffered, and because of their similarity to Schaudinn’ s 
organism called them Pavaniceba homiuis Ciaig, igo6, and as such we described 
them in the first two editions of this work. 

In 191C Calkins considered that Craig’s ]..'»rasite could not be classified in 
the genus Paramoeba, because its swarm spores have only one and not two 
flagella, while ils extranuclear body is apparently different from that in 
Paramoeba. He therefore gave it the name Craigia hominis (Craig, igob), 
which Jepps and Dobell consider a non-existent organism and the genus a 
nomen nudum. 

In 1915 Barlow discovered a new s]>ecies, which he called Craigia migra^is 
in Honduras. 

Craig thinks that probably infections with this parasite arc widespread, 
and that they may be often confounded with Cercomonads, etc. 

Species. — There are four known species — -viz., two parasitic in marine worms 
and two parasitic in man. The latter are distinguished as follows : — 

A. Small accessory extranuclear body present in larger forms. Flagelkde 

forms multiply by longitudinal division — Hominis. 

B. Small accessory extranuchjar body alisent. Fla.gellatt' forms do not 

divid e — Migrans. 

Craigia hominis Craig, 1900. 

Synonym. — Paramoeba hominis Craig, 1900. 

Definition, — Craigia in which the accessory nuclear body is present in the 
larger forms, and the swarm spores divide longitudinally, th(^ accessory body 
and the motile organ particijxiting in this division. 

History. — It was discovered in 19(^6 by Craig, iti tlic Philippine Islands, in 
cases of chronic diarrhoea, and in 1915 by Barlow, in Honduras, where it not 
only causes a form of chronic diarrinea, but also severe ulcerative conditions 
of the intestine, resembling those of anuebic dysentery. Barlow fully con- 
firmed Craig's observations. 

Morphology. — In the amoeba stage it measures from 15-25 microns, and 
possesses an ectoplasm which is clearly visible during motion, but not while 
at rest. The endoplasm is granular, and contains a nucleus which is distinct 
and composed almost entirely of chromatin. There is also an extranuclear 
body which is of an accessory nature. 

Life-History. — The amoeba can re]')roduee by binary division for .some time, 
at the end of which it encysts, surrounding itself with a double contoured 
envelope, and divides into a number of small, spherical bodies, each of which 
contains a piece of the nucleus and a portion of the accessory body. The cyst 
now ruptures and the spores escape as uniflagellate swarm spores, some 3-20 
microns in length. This is the flagella ', stage. These little pear-shaped 
flagellates divide by longitudinal fission, in which the accessory body and the 
flagellum take part. Later the flagellates cease to move, lose their flagella, 
and become amcebae, thus completing the cycle of the life-history. 

Cultivation. — We are not aware of any attempts at artificial cultivation. 
Pathogenicity. — It causes chronic diarrhoea and dysentery in man. 

Craigia migrans Barlow, 1915. 

Definition. — Craigia in which the accessory nuclear body is absent, and in 
which the swarm spores do^not divide longitudinally before becoming amoebae. 
History. — It was discovered by Barlow in fifty-one infections in Honduras, 
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where it caused a severe dysenteric condition in the lower and sometimes 

liver abscess. Barlow note.s that it may be necessary to place this species in 

a genus distinct from Craigia. . 4.1,^ 

Morphology.— The amoeba measures some 12-30 microns, the average being 
20 microns The endoplasm is granular and contains a nucleus, but no 

accessory nuclear body. x t,- r 

Life-History. The cysts measure 18 microns, and the flagellates, 01 which 

there are forty or mort^'^in a cyst, about 3-5 microns. These flagellates do not 
divide, but ]iass dirc'ctlv into the anneba stage. 

Pathogenicity, it t anses severe dysenteric lesions and liver abscess m man 



Fig. 04. — Diagram of the Life-Cycles of Craigia honiinis Graic.. 
(After Craig, from the American Journal of Medical Sciences.) 


ODDRK IT. I'HECAMCEBIDA. 

Synonyms.- — h'ilosa Leidy, 1870: Tcstacea. 

Deflnition. — Amadw. witli a slndl composed of different materials cemented 
on a chitinons base. Through the single opening in this shell ps(‘ndo])odia, 
which may be lobose or braindied , but which never anastomose, project. 

Family Gkomifo.i-: Eimcr and Fickert, iSoo. 

Definition. — Thecamo'Eida with simple shell, composed for the most part 
of chitin, without calcareous de])osits and single-chambered. 

Genus Chlamydophrys Ehrenberg. 

Type Species. — i 'hlaniydophrys enrhrivs Ehrenberg. 


Chlamydophrys enchelys Ehrenberg. 

Synonym. — C hlamydophrys stercorca Cienkowsky, 1876; Leydcnia gemmipciva 
Schaudinn, 1896. 

This rhizopod (Fig. 66), which is believed to be parasitic in man in one stage 
of its life-history, can be found growing in human faeces, as well as in those 
of the cow, the rabbit, the mouse, and the lizard. It is oval in form, enclosed 
by a shell, except anteriorly, where the filiform psendopodia project. The 
body of the parasite is divisible into an anterior portion, in which lie the 
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contractile and food vacuoles, and a posterior, with the nucleus. Reproduc- 
tion is by ' bud-fission," by which is meant that half the protoplasm protrudes 
at the mouth and forms a new shell, and then separates from the other half, 
which retains the old shell. If 
two forms reproduce by ‘ bud- 
fission " close together, the 
daughter cells may partially 
coalesce (plasmogamy) , forming 
large colonies of twenty or more 
individuals. The parasites may 
become encysted. 

The sexual process starts by 
the extrusion of all foreign sub- 
stances and the collection of th(', 
remainder of the plasm .i. and 
the chromidia into the shell. 




Fig. 65 . — Chlamydophrys nich.’lys 
(Leydenia Stage) Eiiuenberg. 
(After Schaudinii.) 


66 . — Chla niydo phrys e nchelys 

l^blREMJiERG. 

(Aft.er Cienk(rvvsky.) 


The chromidia! mass Ineaks ii]) info a number of nuclei, never more than 
eight, around wliicli the plasma divides, forming swarm cells, which, developing 
two flagella at om^ pede and es('a])ing from fh(‘ t ell, eonjngatt' with Ihe swarm 
cells of another iiulivitlual, and ilien become encysted. When the cyst 
ruptures under favourable einumstanecs, a little amoiba escapes, which 
s])t'cdily forms a shell, and bcconu's in due course an adult Chlamydophrys. 
If, however, it enlt'rs man it may ninain in the amoeboid stage, and as such was 
formerly called Leydenia yemmipava by Schaudinii. They were, however, 
originally observed by Licberkiibn in ascitic fluid taken from persons sulfering 
from a malignant growth, but he did not determine their true nature. Leyden, 
again observing these cells in two similar eases, caused them to be examined by 
Schaiulinn. Lauenstein and Lehla liav^* also seen them in a case of cancer. 

They are spherical or irregularly polygonal, 3 to 36 /<, in diameter, with 
knobs projecting from the surfac e. They possess a distinct ectoplasm with 
hyaline pseudopodia and a large vascular nucleus. Development takes place 
by binary fission and gemmation (Fig. f >3). 

Classification. — We have reiained the old elassilication ior the organism, 
and have not placed it in the Foraminifera, as is done by many authors. 
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CHAPTER XVIII 


MASTIGOPHOKA AND PROTOMON ADI N A 

]\Tastigo})hora JDiJlagcllala — l^roloinonacUna- — Monozoa — Oicuinonadidae 

- I^odonidcX — Ccrcomonadidae — Tctramitida;- — References. 

MASTIGOPHOKA Diesing, 1866. 

Definition.- -PiasinDdroinala with one or mor(‘ permanent flagella 
which starve as organs of locomotion, and at times for the capture 
of food. 

Morphology.- The Mastigophora are usually microsco])ical in size, 
but have a timdency to colony formation. 

Dk' ectoplasm is jjresent in the form of a sheath called the peri- 
plast, a term which is regally l)ota,nica.l in its meaning. The pi'ri- 
plast contains contractile elements calk'd myonemes. The flagellum 
may be situate anteriorly (tractellum) or posteriorly (pulsellum); 
tluVi' may be but (.me (monomastigole), two, or four of equal length 
(isomastigot('), on(‘ long and one short (paramastigote); one antc'rior 
and one posterior (he teromastigote); several flagella placed together 
(polynuistigot(‘), or nunnjrous llagc'lla scattered over the body 
(lu)lomastigote). 

The typical flagellum consists of an clastic axial core more or less 
enclosed in a contractik* sheath from which the ' end-piece ’ propicts. 
It takes its origin frOm a granuk' situated in the cytoplasm, and 
apparently forming only a. swi'lling at its base. The swelling is, 
however, a ceiitrosouK', to wliicli various nariK'S have bef'n a])plied, 
such as basal granuk^ or l)k‘pharoplast. Sometimes this centro- 
some is contained in a s])ecial nucleus which is called a kineto- 
nuck'us. The centrosome-bk‘])haro])la.st may be single, when then' 
is only one flagt^llum; or multi]fle, wlu'ii there' arc many flagella. 
The flagellum may, howc'Vc r, jiene'tiate d('eper into the cytoplasm, 
until it reaches tlu' nucleus. 1'his i)rolongation is called Pie rhizo- 
plast, which may re])rest‘nt thi' C('ntral spindle (centrodesmose) of 
the achromatic elements of the dividing nucleus, and which connects 
the divided j^ortions of tlu' original centrosome; or it may have 
arisen simply as an outgrowth from the blepharoplast. Thus, the 
various parts of the flagellum may be rhizoplast, blepharoplast, 
sheath or envelope, and end-piecca 

If the centrosome is singles, it may be intra- or extra-nuclear, 
and in either case is a ccntrosome-blepharoplast; if multiple, the 
portion connected with the nucleus is the centrosome, and that 
connected with the flagellum is the blepharoplast. 
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The periplast in the heteromastigotes may be drawn out into an 
undulating membrane which helps locomotion. 

When the periplast is thin or absent the body-form may still 
be preserved by an internal stiff rod— as, for example, the axostyle 
of Trichomonas. 

There is a difference of opinion as to which is the anterior end of 
the mastigote. We believe, with Sainbon, that the non-flagellate 
end should correctly be considered as tlie antcador end, but several 
authorities hold quite different 
views, and our anterior emd 
will correspond with many 
other writers’ posterior. Very 
often there is a depression 1 

somewhere on the surface of T 

the animal, generally near the ^ 

base of the flagellum, which is \ 

intended for the reception of 
food, and is called the moutli 
or cydostome; more rarely there 
is an oesophagus leading into 
tlic interior of the cell. Nutri- 
tion ma^^ be holozoic or holo- 
phytic, but this hardly concerns 
us, as the forms to be described / 
are all parasitic, and live in 
fluids from whicli they absorb / ^ 
nourishment by their whole 
surface. \ 

In the cytoplasm there is a 
nucleus, and in certain forms 
two nuclei: a trophonucleus for 
nutrition, and a kinetonucleus 
for movement. The cliaraeter Gy.— D iacram ok thr Like- 

of these nuclei will bc’ dealt Cycles of a Masiioote [Copro- 
with in detail in the st^ction monas subtills . 

Trypanosomidoc. TIk^ ^yto- Xhe upper cycle demonstrates simple 
plasm may also contain food fission and the lower sporogony. 
vacuoles, contractile vacuoles, (After ]:>obell. from the Quarierly 
chromatin particles, and meta- Journal of Microscopical Science.) 
])lastic granules. 

Life-History. — ^Reproduction taixs place ascixually by simple 
division. Latent or encysted forms are also known. 

The whole subject of the structure and life-liistory of the parasitic 
Mastigophora requires much further n^search, wliieh, indeed, is 
being rapidly carried out all over the world -in fact, so rapidly that 
it is hardly possible to write anything on the subject as a whole which 
will not quickly bc out of date. 

Classification. — The Mastigophora may be divided into subclasses 
as follows: — 
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A. Body inflated with gelatinous substance Subclass i, Cysto- 

flagellata Haeckel, 1873. 

B. Body not so inflated : — 

L Periplast markedly thickened, with two flagella arising 
in the middle of the body, one trailing and one lying 
in the transverse groove — Subclass 2, Dinoflagellaia 
Biitschli, 1885. 

11. Periplast thin, with a variable number and arrangement 
(fl flagella- — Subclass 3, Euflagellaia Cohn, 1887. 

(3nly the third subclass concerns us. 


SUBCLASS EUFLAGELLATA Cohn, 1887. 

Definition.- -Mastigophora without body inflated with gelatinous 
substance, and ])ossessing a thin periplast and a variable number 
and arrangnanent of flagella. 

Classification.- -The Enfiagellata may be classihed into orders as 
follows: — 

A, Chroinaiophores often p7^esent - 

1. With celhiios(^ envelopi'- -Onha* i, Phviomonadina 
Blochmann, 1895. 

I L Without cellulose envelope — 

A. Small I orms without eesojdiagiis or vacuole system 
— Order 2, Chromomonadina Klebs, 1872. 

IT i>arge lorms with oesophagus and vacuole system- - 
Order 3, Euglenoidina Biitsclili, 1884. 

B. Chromatophores absent : — 

I. Amceboid forms in which the food is captured by 
^ [f.: pscndoj)odia — Order 4, Rhizomasiighia Biitschli, 
1884. 

11. Non-amceboid forms in which the food is usually 
captured by flagella- -Order Protomonadina Bloch- 
mann, 1895. 

We aic^ only concerned with Order 5, Protomonadina. 

ORDER V. PROTOMONADINA Blochmann, 1895. 

Definition.-- -luiflagellata in whicli chromatophores are absent and 
m which th(' individuals ar(‘ non-amoeboid and usually capture their 
food by flagella. 

Remarks." -As dc'fmed abovti, the Protomonadina is a large order, 
and includes the Polymastigina of Biitschli and Blochmann, as well 
as the Bmuclcata of Hartmann, both of which were treated as 
separate orders in our previous editions. We, however, fore- 
shadowed a return to Doflein’s method of classification, and dis- 
cussed the whole subject on pp. 282 and 283 of the second edition. 

Classification. .So large is this order that, for convenience’ sake 
as well as for morphological reasons, it may advantageously be 
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divided into two suborders after the method of Hartmann and 
Chagas, which is as follows: — 

A. No tendency to bila.tcra.l symmetry in undividing forms-— 

Suborder i, Monozoa Hartmann and Chagas, T911. 

B. More or less tendency to bilateral symmetry in undividing 

forms — Suborder 2, Diplozoa Hartmann and Chagas, 1911. 

Suborder I. Monozoa Hartmann and Chagas, iqii. 

Definition.- — Protomonadina without tendency to bilateral sym- 
metry in undividing forms. The anterior thigellaTairy from one to 
many, in addition to which a trailing dagellum orjundulating mem- 
brane may be present. 

Glassification, — 'Ihis suborder can be divided into some ten 
families as follows:- - 


Diagnostic Table oe the Monozoa. 


A. One fta^clluni present : — 

I . With a collar- — Family i, Craspedomonadidee Stein, 1878. 

II. Without a collar 

(a) Kinelonuclcus not separate from the nucleus 
Family 2, Oicomonadidee Senn, 1900. 

{h) Kinetonucleus separate from ihv nucleus- — 

Family 3, Try pan osoinidce Doflein, 190J. 


B. Two fIa<^eUa present - . 

I. Both anterior :~ 

{a) Unequal — Family 4, Monadidcc Stein, 1878, emen^ 
davit Seim, 1900. 

{h) Equal — Family 5, Amphimonadidee Kent, 1880, 
cmendavit Biitschli, 1884. 

II. One anterior and one trailing flagellum:— 

{a) Trailing flagellum free:— . 

1. In horny sheath and witli lip or proboscis-like 

process — Family 6, Bika" cidee Stein. 1878. 

2. Without sheath or process- Family 7, Bodo- 

nid(V Biitschli, 1884. 

(/;) Trailing flagellum in part attached to the body-- 
Family 8, (' erconionadidce Kent, 1880, cmendavit 
Biitschli, 1884, 


C. 


D. 


Three to six anterior flagella, with or without one trailing 
flagellum (eNXe}ifc Emhaaomonas witli one anterior and one 
cytostomic flagellum) — Family 9, TetramituUe Kent, 1880. 
Numerous anterior flagella — ^Family 10, Calhmastigida' da 
Fonseca, 1915- 

Of these ten families we are concerned with only five, of which one, 
the TrypanosomideC, liecause of its importance, we shall 
tne next chapter; so that at present we will consider the following 
families only: — 
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Family 2. Oicomonadida^. 

Family 7. Bodonkhc. 

Family Ccrcomonadidic. 

Family 9. Tctrarnitidac. 

Ol(a)MONADlD.^l£ Sc'lin, I 90 (\ 

Syiionyin, -G(W'co;no 7 ^adi 7 ia Savilk^ Kent, 1880, pro parte. 

Definition. -Monozoa with a single flagellum, no collar and no 
kiiKdoniicknis. 

Remarks.- -'fhis family was formed by vSenn for Oicomonas, several 
allied forms of which are to-day classified in tlie Tr^^panosomida?. 

Type Gqhws, — Oicomonas Saville Kent, 1880. 

Classification.- various genera of this famil}^ may be differ- 

entia f('d as follows:- 

A. Without definiti' nucleus. Chromatin diffuse- — Sclenomonas 
(Selcnomasiix) . 

F). With definite nuch ‘us: — 

Rhizostylc: not knoion to he present :■ — - 
(a) FiagellunFanteriorly directed: — 

Body oval or roxmdkh- A He onionas . 

(h) Flagellum trailing or posterior: — 

1. Body long s])indle-shaped — A^icyromoncis. 

2. Body three-cornered bowed leaf- shaped- 

Phyilomonas. 

1 1 . Rhizostyle present : — 

Body 6-1 1 X 3-5 microns. Flagellum springs 
from a small basal granule, and is continued 
ba-ckwards into the body by a da.rk staining 
1 i 1 a rnent . the rhizostyle^ — • RJiizoinastix . 

Only th(‘ first genus concc'rns us. 

Genus Oicomonas Saville Kent, 1880. 

Synonym. as- I)avaim% r8()0, pro parte nec Dujardin, 

1841. 

Definition. — Oiconion;i.fu(ke. with OAail or roundish body and one 
antmiorly direch'd flagellum. 

Remarks. — In 1841 Dujardin formulated the genus Cercomonas, 
which Wenyon has placed upon a firm basis. 

In 1860 Davaine ck'scribc'd two vairieties of flagellates which he 
found in cholera motions. The first and larger of these, which he 
calls A, is without doubt ( Jiilomastix mesnili, while the second and 
smaller is an Oicomonas. ITnfortunately Davaine called both these 
parasites ( ' ercomoiias honiinis, but the genus was one of his own 
construction, and most assuredly was not the Cercomonas of 
Dujardin. 

In 1880 Saville Kent formed the genus for uniflagellate free- 
swimming forms, which are capable of temporarily fixing themselves 
to any object by extending a sarcodc thread, which can be withdrawn 
when they start to swim. 
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This sarcode thread was the only point of distinction from the 
genus which Saville Kent called Monas, but which Stein in 1878 
had improved, so that it came to be defined as possessing two anterior 
flagella, one long and one short, while tli(‘ posterior end was capable 
of forming a filiform pseiidopodinm. In view of this, and as the 
filiform pseudopodium is not an essential character, Oicomonas 
came to be looked upon as including forms with a single anteriorly 
directed flagellum, and as such requires investigation by modern 
cytological methods. In this genus must come all those organisms 
which resemble Form B of Davaine’s ('crconionas hominis, as tliis 
is not a Cercomonas, and tliey must include Monas hyophila 
Blanchard . 

With regard to tlie flagellate called Monas lens Muller, lySf), and 
reported as being present in man, it is not a Monas, but was classified 
by Saville Kent as a Heteromita . It may 1 )e a Bodo or a Prowazekia . 

Type Species. — Oicomonas mniahilis Saville Kent, 1880, found in 
vegetable in fusi ons. 

Tlie more iimgortant parasitic species which conccaai us are:- — 

Oicomonas pyophila R. Blanchard, 1895, 

Oicomonas hominis Davnine, 1854, 

Oicomonas vaginalis Castellani and Chalmers. 1909, 

and these may be differentiated as follows: — 

A. With thick c\\\iic\Qr~-Pyophila. 

B. Without thick cuticle, in human intestine — Hominis. 

C. Without thick cuticle, in vaginal mucus — Vaginalis. 

Oicomonas pyophila R. Blanchard, 1895. 

Synonym.- -Monas pyophila R. Blanchard, 1895. 

Definition.- —Oicomonas with a thick cuticle. 

Historical.— (irimm found this flagellate in the sj^utum and pus 
of a i)ulm()nary and of a he])atic abscess occurring in a Japanese 
woman living in Sappho. The organism requires rtanvr^stigation 
by modem metliods. 

Morphology. — The flagellate measures 30-rx) microns in length 
and is heart-shaped, being enclosed in a thick cuticle which extends 
into the cytoplasm, dividing it into three parts, and is continued 
along the flagellum for a considerable distance. At its tip tlje flagel- 
lum is free. 

Life-History. — Nothing is known as to this. 

Oicomonas hominis (Davaine, X854), ememlavil Castellani and 
(Tialmers, 191(8. 

Synonyms.- hominis Davaine, 1854, pro parle — 
T^?.,FormB. 

Definition. — Oicomonas with a thin cuticle. 

History .-—In 1854 Davaine described two forms, A and B, under 
the heading (' crconionas hominis. Form A is ( hilomastix mesnih, 
while Form B is Oicomonas homhiis. 
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Morphology.— O. hominis is a round or pear-shaped parasite 

riA’eraging from 8 to lo u in diameter, with a long flagellum projecting 

from the more pointed end. 
There is no undulating mem- 
brane. The nucleus is small, 
indistinct, and usually situated 
near the flagellar extremity. 

Life-History. — Reproduction is 
by binary fission, and Pcrroncitc 
and Pi^'eardi have described en- 
cyst men t. 

Habitat. — According to our 
(experience at autopsies, the 
parasite may live not only in 
the small intestine, as generally 
stated, but also in some cases in 
the large intestine. Oicomonas 
is readily killed, as observed by 
Castellani and Willey, by a solu- 
tion of methylene blue (i in 3,000). 

Oicomonas vaginalis Castellani and Chalmers, 190Q. 

Synonym. — ('.creonumas, vaf^inalis Castellani and ChalmcTs, 19O9. 

1 liis is a pear-shaped or rounded parasite, measuring 5 to j 2 /x in 
its maximum diameter, and provided with one flagellum, a small 
nucleus, and food vacuoles, but without a pulsating vacuole. It is 
not uncommon in the vagina of native women in Ce^ion. 

Oicomonas perryi Castellani, 1907. 

Synonym.- T V reef ;?. perryi Castellani, 1907. 

I'onnfl by Ca.stellani in Ceylon in monkeys {Macacus pilcatit^ and Semno- 
pilhecus suffering from diarrlicea. It is morphologically extremelv 

similar to hominis, being roundish or pear-shaped, 8 to 12. n in diameter. 
Ihere is one flagellum originating from the pointed end. The nueleus is 
situated near the flagellar end. Koprodui tion seems lo be by binary fission, 
but cysts can seen. 

Other Species,— -Ch anatis Davaine, in the alimentary canal of ducks; 

(K cams Ciruby and I)i'lafond, in dogs; gallinavuni Davaine, in fowls. 

Bodonidae Biitschli, 1884, emendavit T>o?icm, 1901. 

Definition.— Monozoa , free living or parasitic, with one anterioi 
and one posterior (or trailing) flagellum, with oi' without a kincto- 
nuclcus and an undulating membrane. 

Nomenclature.- -In part, at all events, tliis fainily represent the 
Plct'cromiticUe ol Saville Kent, as Hcleromiia Diijardin, 1841, is in 
part Bodo and in part Ccrcomonas. 

Type genus.- -B ado Stein, 1878. 

Classification. — The following is a ])()or attem])t to differentiate 
tile genera of the ]k)donidcX knowm to us:— - 
A. With an undulating membrane:— 

1. Kinetonucleus well imrk.ed~Trypan()plasina. 

IT Kinetonucleus poorly marked* — Trypanophis. 



h j( ; . 68 . — Oicomonas hominis 
(Davaine). 

1-1, and 5, Flagellate forms ; 
encysted form. 
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B. Without an undulating membrane, but a kinetonucleus may 
or may not be present : — 

I. While swimming all flagella are posterior. (Gtaiera 
with which we are not concerned, as yet not found 
in man.) 

II. While swimming all flagtOla ;ire not postei ior : — 

(a) Body with a.ntero-j)osterior groove- -Colponema. 
ib) Body without such a groove:-- 

1 . Food believed to enter anteriorly : — ■ 

(1) Kinetonucleus absent — Bodo. 

(2 ) Kinetonucleus present — Prowazehui . 

2. Food believed nc>t to enic'r anteriorly, ((ienera 

witli viiich we are not concerned, as not 

yet found in man.) 


Trypanoplasma Lavcnm and Mesiiil, 1901. cmciidavlt, 

Definition. — IjodonidadiviniJi in the Idooil and alimeniaivt'annlof verU'hralcs 
with two (lagella — (jnc [)rojccling a nleriurly and miming jioslriiorly, 

and raising the perijdasl into an nndulating nicinbraiu'. Jxinntonuclous 
almost as large as the trophoniicleus. Sporogony in the Hinidinea. 

Remarks. — This genus, which Avas first described by Laveran and Mesnil, is 
interesting, first, because it shows definitely an anterior fiagcHuin, which has 
disappeared in most trypanosomes, and a jiostcrior llagelhim, which, like all 
trypanosomes, carries the undulating membrane; secondly, because, according 
to L^ger and Kcysselitz, members of this genus are parasitic in the alimentary 
canal of fish, and not in the blood. 

Morphology. — d'hc body of a tryjianoplasma is llattciu'd, and oiten curved, 
with a concave side thicker than lh(‘ convex, to whi(']i the nndulating mem- 
brane is attaclu’d. The body is soft and of changing form. At the junction 
of the anterior and middle thirds of the body can la* seen two masses of (diro- 
matin. The one on fhe coin'ox sid(‘ is the Irophoniu lcus, and the other on tin; 
concave side the elongated kinelonncleus, in front ol whicli are two small 
chromaTic granules, one of which gives rise to an anterior lla.g<>liiim which be- 
comes free at once, and the other to a ])osterior, which, turning backwards, 
runs the whole length of the cytoplasm, raising the }icri])last into an un- 
dulating m embr a in*. 

Life-History. — Divi.sion is longitudinal, the kineloniK kiis dividing first, and 
then the fiagclla. 

Often d'rypanoplasmata sliow seasonable variation, tin* iidc( tion being more, 
intense in hot weather, d'hey arc cvidi'iitly jiathogcnic, producing anaania 
associated with serous fluid in Ihe peritoneum, pern ai {limn, and oedema, of 
the organs. 

The parasite appears to be .spread by leeches, in Avhich the sexual forms 
t:onjugatc by a fusion of nuclei, after reduction, and of the cyto])lasm, from 
which results an ookinete jiossc'ssing a. trophoniicleus and a kinetonucleus. 

These ookinetes give rise to male, f male, and inditlerent forms, which 
multiply abundantly, rarthenogencsis may occur. 

.Bruiujit infc'cted fish by the lute of leeches, but KTysselitz failed with 
Pisciola genmeira, and it is hardly surprising, for he describes the leech as 
becoming ill, with .swelling of the clitellar region, alteration in colour and 
activity, and finally death, thus showing that this leech could hardly be the 
ii.sual definitive host. He has already noted the initial stages in Hirudo 
medicinalis. Another genus of leech which spreads these parasites is Hcmt- 
clcpt^is. 

Classification. — Crawly considers that the generic name should be L ryptobia 
Leidy, but the diagnosis of this genus is vague. With regard to clas.sification. 
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Keysselitz is of the opinion that all so far described species should be con- 
sidered to belong to one s}>ccies — Trypanoplasma borreh L. and M. 

Type Species. — Trypanoplasma borreli Laveran and Mesnil, igcn . 

Trypanoplasma borreli Laveran and Mesnil, 1901 . 

In the blood of LeiiciscAis crythrophthalmus (the rudd) and Phoxinus lesvis 
(the minnow), and in the alimentary canal of the leech Pisciola geometra, and 
perhaps in Hirudo medicinalis. 

Trypanoplasma cyprini Plchn, 1903. 

In Cyprinus cavpis. 

Trypanoplasma (Cryptobia) dendrocoeli Fantham and Porter, 1910. 

This parasite measured 20 to 40 // in length, with a large and often curved 
Jdnctoniicleus. It lives in the alimentary canal of Dendroccelum lacteum, and 
was the first trypanoplasma to be found in the Platyhclminthes. 

Trypanoplasma intestinalis L6ger, u/hS- 

This Iryjian. >plasma is very important, because it was found in the oesophagus 
and anterior i>art of the stomach of Box ho'&ps, a salt-water fish. 

It is the first trypanoplasma described as existing outside the blood. In 
addition to typical Jorms, Leger describees globular parasites with three anterior 
flagella and a rudimentary undulating membrane, which reminds one of 
Trichomonas. 

These he considers to be female forms, and says that he has seen conjugation 
with male forms. 

Trypanoplasma ventriculi Keysselitz, 1906. 

Synonyms. — H eieromita dahlii apsicna — Diploma siix dahlii. 

'this is found in the intestine of Lyclopterns litmpus, and is apparently a 
lyjucal try])«'i.no])lasma. Piscovta'ed by Dahl in J8S7. 

Trypanoplasma varium Leger, 1904. 

In ( oiriiis barhatula (loach), and in Hemiclepsis marginata . 

Trypanoplasma guernei Brampt, 1905. 

In Cotius globio, and devclo])s in Pisciola. 

Trypanoplasma barb! Brumpt, 1905. 

In Barbus fluviatilis, and in the leech {Pisciola). 

Trypanoplasma abramidis Brumpt. 19(^5. 

In the l)ream {Ahramis brama) and the leech {Hemiclepsis). 

Trypanoplasma truttse Brumpt, 1905. 

In Salnio fario, and perhaps in Pisciola. 

Other Species. 

T. heysselitzi Minchin, 1909, in the tench; T. gurneyorum Minchin, 1909, in 
the pike; T. c/ar/ts Mathis and L6gcr, 1911, in Clarias macrocephalus , T. congri. 

Trypanophis Keysselitz, 1904. 

13odonidae in ( a’leiilcrala, with two flagella, an anterior and a posterior. 

Th(‘ kinetonucleus is situated anteriorly, and is much smaller than the 
trophonuclcus. According to Floyd, a blepharoplastic granule gives rise 
to the free flagellum. The eittached flagellum arises near the basal granule 
of the free flagellum, and gives rise to a narrow undulating membrane. 

Trypanophis grobbeni Pochc, 1903. 

In the gastro-vascular system of different Siphonophora — e.g., Halistemma 
ergesUnum. The parasite is curved somewhat, like a tr3rpanosome. 
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Genus Prowazekia Hartmann and Chagas, 1910 . 
Definition. — Bodonidca with a kinetonucleus. 

Type. — Prowazekia cruzi Hartmann and Chagas, 1910. 

The separation of the old genus Bodo sensu lato into Bodo sens// 
stricto and Prowazekia is not at present generally accepted; for 
example, Alexeietf and others oppose it, stating that the generic 
name for all the species included under Prowazekia should be Bodo, 
while that for the only species at present under Bodo — -viz., 
B, lacertce Grassi, 1881 — -should \)(iProwazekella (new genus) lacertce 
Grassi, 1881. Nor is tins the only ctmfusion with regard io Prowa- 
zekia, for one species — P. tirinaria Ha -sail, 1859- dias been found in 
urine which has been passed for six hours or more in tht‘ Temperate 
Zone; and three species — P.adalica Castellani and Chalmers, 1910, 
Ceylon; P. ertizi Hartmann and Chagas, 1910. Brazil; P. weinbergi 
Mathis and Leger, 1910, Indo-Cliina — are found in fiec(‘s; while- one 
form — -P. parva Naegler, 1910 — lives in slimf‘ on stones at Lunz. 

All observers are agreed tliat these flagellates are non-pathogenic, 
but the question which is debated is whetlier they are accidental 
contaminations of the urine and heces after being passed out of the 
body, and the urine problem is further complicatc^d by tlie cpiestion 
as to whether it was contaminated by the heces. 

With regard to the urinary species, it lias been found by Hassall 
in 1859, Salisbury in 1868. Kunstler in 1883. and St inton in 1912. 
He obtained it only twice from the same patient, who was in a lios- 
pital ward in Idveipool, and in none of the otlier patients in the 
ward; it was not found in the heces, nor in a vessel of water exposed 
to the air of the ward, nor in the water-sup] )ly. It was not jiresent 
in later observations taken aseptically, and cultures died ra])idly at 
37° C. It is therefore concluded to be an accidental contamination. 

The intestinal forms are not so easily dismissed, as we have found 
them in stools collected in sterile pe tri-dishes, and Mathis and 
Leger found their species in the heces of persons in good health and 
sufering from diarrhem, even when taken with aseptic precautions. 
It is possible, therefore, that some, at all events, of the intestinal 
forms are harmless occasional parasites of man. 

Classification. The species may be differentiated as follows : — 

A. Posterior flagellum free: — 

I . Large forms. More than 8 microns in length as a rule 

(а) Shape oval 

1 . Rh izoplast presc it : — - 

(1) Cytostome present — -Urinaria. 

(2) Cytostome absent — Asiatica and vaginalis, 

2 . Rh izoplast absent- -C ruzi . 

(б) Shape pyriform:— 

Apex sharp— IF einbergi. 

II . Small forms. Not exceeding 8 microns in langili— Parva. 

B. Posterior flagellum attached to the body for a short distance 

— Javanensis. 
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Prowazekia urinaria Hassall, 1859. 

This species has several times been found in human urine which 
has been passed some hours. 

Morphology. — The; fln|(cllate appears in three forms— a sausage- 
shaped form, 10 to 25 /y in length by 2-5 to 6 in breadth ; a round 
or oval form, varying from 4// in diameter to 15 by 10 // in measure- 
ment; a carrot-sliapcd form, varying from 6 by 3 /y to 25 by 4 
The cytoplasm contains a large number of small, highly rcfractile 
granules, and contains a trophonucleus and a kinetonucleus, which 
latter is a relatively large pear-sliaped body. The body is enclosed 
by a thin ])criplast, and possesses two flagella, a shorter anterior 
and a longer lateral, which arise fromblepharoplasts (basal granules), 
which are connected by rhizoplasts to the kinetonucleus. TIutc 
is a cytostoine situate nc'ar the root of the short fla.g(']lum. 

Bionomics. — It moves in a jerky manner, witli tlic; sliort flagellum 
directed forwards and the long flagellum backwards. The small 
flagellum is also useful in capturing food, such as bacteria. Food 
enters by means of the cytostome and forms tlie usual food vacuoles, 
which accumulate at the aflagellar end. A contractile vacuole is 
seen in large flagellates, and may measure i to 3 // in diameter. 
It is situate near the base of the cytostome, to which it is joined by a 
minute canal. It contracts Qvery 15 to 30 seconds at a temperature 
of 20 '" (\ It is thought to be th(‘ dilated liindus of the cyto- 
stome. 

Life-History, it divides in two by binary lission. the blepha.ro- 
plast a])pa]ently dividing first and lorming two new flagt'lla, after 
which th(‘ cell nuclei and tlu^ cc‘ll divide'. It can lose its flagella, 
and can form round or oval cysts 3 to 7 // in diameter, inside from 
wliich after a, time it again becomes flagellate, and escapes in its 
typical form. 

Cultivation.- In association with bacteria it grows well in urine, 
on salt agar, nutrient agar, serum agar, blood agar, peptone, salt 
solution, nutrit'ut broth, and diluted blood-serum at a temperature 
of 20'' C., but is killed by a temperature of 37'' C . in one or two hours. 
It has not been cultivated free from bacteria. 


Prowazekia asiatica Castellani and Chalmers, 1910. 

Synonym.- asiaticus Castellani and Chalmers, 1910. 

This flagellate was found in 1909 by Castellani and Chalmers in 
the stools of cases of ankylostomiasis suffering from diarrhoea in 
Ceylon. It was studied in detail by Whitinore in 1911 , and assigned 
to the now genus Prowazekia, wliicli Hart maun and Chagas had 
differentiated from the old gcmxsBodo. 

Morphology. -P. asiatica is found in the motions in two forms — 
either as a long, slender flagellate measuring 10 to 16 // in length b}^ 
5 to 8 7/. in breadth or as a more rounded form, which has a trans- 
verse diameter of 8 to 10/^. The cytoplasm is alveolar in structure, 
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containing food vacuoles, but no contractile vacuole. The tropho- 

nucleus is usually situate in the flagellar third of the cytoplasm, 

and consists of a nuclear membrane, a widish space for tlu' enchylema, 

and a central karyosome, with usually a centrosome. The kineto- 

nucleus is situate nearer the flagellar 

extremity, and is connected by a long 

strand with a small piece of chromatin 

situate near the aflagellar extremity, and 

by another strand with one of the two 

blepharoplasts which lie adjacent to the 

flagellar extremity. These blepliaro- 

plasts are united together, and, as already 

stated, to the kiuetonucleus by strands. 

Usually there are two, which may lie 
side by side or one over the other. From 
these blepharoj)lasts the two flagella take 
origin, and quickly pass to the exterior. 

Reproduction, — -Asexual n^production 
takes placi' by meta.mit()sis, but sexual 
reproduction is unknown. Cyst formation 

has been observed, resulting in rounded pia. Gg.— ProivazeJua asi- 
bodies 6 to 7 // in transvers(' diameter. aiica Castellani and 
possessing tropho- and kiiitdo-nucha, and Chalmi-:es: From F^ces. 
enclosing the remains of the flag(‘lla.. 

Culture.— P. asiatica is readily culti\'ated in liquid and in the 
water of condensation of solid media in symbiosis with Ixudc^ria.. 
The most suitabk^ medium is the condensation water of nutrose 
agar (2 to 4 p('r cent.), or maltose agar, on which a few dro])s of 


/ 



F^g. yf ). — Pfowazekici asinticci Castellani and Chalmers i From Cultures, 

{After Whitmore.) 


albumin-water have been placed, when it can be subcultured and 
grown indefinitely if the tubes are kept uncapped and subcultures 
are made twice a week. 

Pathogenicity. — Probably nil. 
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Prowazekia cruzi Hartmann and Chagas, 1910. 

Oval to pear-shaped forms; length 8 to 12 breadth, 5 to 6 fi, 
with the flagella at tlie narrow end. Found in Brazil. Differs 
fromP. asiatica by the absence of the strand which originates from 
the kinctonucleus and terminates into a chromatin granule. Martin 
has found in human stools in Tsingtau a Prowazekia which he 
believes to be identical with P. cruzi. 

Prowazekia weinbergi Mathis and Lcger, 1910. 

Pear-shaped, but rather drawn out into a point; length, 8 to 15 jj , ; 
breadth, 4 to 0-5 ja,. Flagella at broad end. Found frequently in 
the motions of men in Tonkin. 

Prowazekia parva Naeg](‘r, icpo . 

Chanicterized by its small size, tli(‘ longest ffa ms Ix'ing 5 to 8 fi. 
Tli(' cysts do not contain flagella. 

Prowazekia javanensis Flu, 191 2 . 

Definition. -Prowazekia in which the posterior flagellum is 
attached to the body for a short distance. 

Remarks.- -Flu believes that there is only one species of Prowa- 
zekia. He obtained his variety from an agar culture of human 
faeces in the Dutch East Indies. 


Prowazekia vaginalis Castellani and ChalnuTs, kjiK. 


Definition. Prowazekia living in the vaginal mucus. 

Remarks. Morpliologically identical with P. asiatica found in 
motions, ])ul (lir investigated strains of the latlc'r mm’ 11 not live in 


vaginal mucus. 


Genus Bodo Stein, 1875. 


Definition.- Bodoniche without undulating membrane or kineto- 
nucleus, but with a rhizoplast. While swimming one flagellum is 
antcu'ior and the other trailing, without antero-posterior groove. 


Bodo stercoralis Porter, 1918. 

Dis(.'ovcred in liuman laM os by Miss Porter. Body measures from i.) ix to 
[() (X long and is from 6 to <) jx broad, with large nucleus. 


Bodo lens Muller, 1786. 

Synonyms. — Monas lens, H eteromita lens. 

Remarks.— Usually free living, but said to be found in man once {vide 
Animul lAunsitt*sof Man,' by Fanlham, Stephens, and Theobald). 


Genus Toxobodo Sangiorgi, 1917. 

Definition.- Bodonidx' of semilunar shape. 

Type and only Genus. - Toxohodo intestinalis Sangiorgi, 1917. 

Toxobodo intestinalis Sangiorgi, 1917. 

A flagellate organism semilunar in shape, 6-9*6 x i *6-4*8 microns, 
found in the human intestine and grown for ten generations in 
culture media (peptone water). It has two flagella, and resembles 
a Bodo, except in shape. 
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Genus Heteromita Diijardin, 1841. 

Boclonidge round or oval, with two flagella, one at each pole. 

Heteromita zeylanica Castellani and Chalmers, 1910. 

This flagellate is elongated, 8 to 15 /x in length by 3 to 4 in breadth, with 
single flagellum at each pole, and a nucleus fairly rich in chromatin. No 
undulating membrane or puisa.ting vacuole, but with clrromidia in the cyto- 
plasm. It is not cultivable. This flagellate we classify provisionally under 
the genus Hetevofyiita. It was found in the stools of persons suffering from 
ankylostomiasis in Ceylon. 


ORDER GERGOMONADID.^ Saville Kent, 1880, emendavit Biitschli. 

Definition. — Monozoa with elongate or oval forms, possessing 
one free anterior flagellum and one trailing flagellum. 

Type Genus. — -Cercomonas Dujardin, 1841, emendavit Wtaiyon, 
1910. 

Remarks.- -It appears to us that this is the only genus which 
can be classified in this family at the present moment. 

Genus Cercomonas Dujardin, 1841, emendavit Wenyon, 1910, 

Synonym.%— Heteromita Dujardin, 1841, pro parte nee ('ercomonas 
Davaine, i860, nec Oicomonas Saville Kent, 1880. 

Definition. — Cercomonadidse, pear-shaped, with a protokaryon 
type of nucleus situate near the flagellar extremity, with a basal 
granule or blepharoplast from which a sort of rhizoplast may run 
to the margin of the cytoplasm, at which it divides into the two 
flagella, one of which is anterior, while the other is posterior and 
closely attached to one side of the body, at the posterior end of 
which it becomes free. 

Type Species. — ^The type species of the properly defined family 
is certainly Cercomonas longicauda Dujardin, 1841, emendavit 
Wenyon, 1910, even though the first species in Dujardin’s descrip- 
tion is C. detracta, because this latter has never again been described, 
and has therefore never been examined by modern methods. 

Certainly Dujardin’s genus Heteromita agrees in description and 
illustration with many of the features^of T . longicauda, and therefore 
we consider it to be a synonym. 

There are a number of species described by Dujardin, but until 
they have been examined by modem methods it is impossible to 
define them. They arc all free-living forms. 

Gercomonas longicauda Dujardin, 1841, emendavit Wenyon, 1910. 

Synonyms. — Cercomonas parva Hartmann and Chagas, 1910. 

Definition. — Cercomonas elongate 8-15 x 3-4 microns, with very 
marked long posterior flagellum. 

History. — This flagellate^^was first discovered by Dujardin in 
l84idn an old infusion, and^was next described by Wenyon in 1910, 
being found in cultures made from human faeces. In the same year 
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Hartmann and Chagas met with it in Brazil. Since then it has only 
been recorded once. 

Morphology. — d'he bod 3^ is pear-shapt^l, measuring on an average 
8-15 microns in length by 3-4 microns in breadth, but Wenyon has 
met with sm-ill forms measuring only some 2-3 microns in greatest 
length. 



yi.-~Ccrcomonas Ifmgicanda Dujardin, 1841. 

Typo with graniiU'S aroiiud tlio nucleus ; compare tliis with Fig. 74. 

(After VVcMiyon, from tlie Oiiarierly Journal of Microscopical Science.) 

The cyto])lasm is alveolar and contains a large anteriorly situate 
nucleus, which has a nuclear membrane enclosing a clear space, in 
which lies a large karyosome. The nuclear membrane may be 
drawn out into a cone, at the apc'X of which lies the granule — 
blci)haroplast- “from which cither the flagella spring directly or a 
single rhiz()])last ])ass('s to the peripliery and then divides into the 
two flagella. In any casch the flagella arise from the anterior broader 
end, and while oiu' is directed forwards, the other passes posteriorly 
over the surface of the 1)ody, to which it is attached until it reaches 
tlu‘ ])ost(‘rior end, when it ])ecomes a free posterior flagellum. The 
cyt()i)lasni also contains a.number of ])right retractile granules. 



Fig. 72. — Ccrcomonas longicauda Dujardin, 1S41. 

Type without granules and Cyst. 

(After Wenyon.) 

Life-History. — Simple fission, with division of the nucleus by 
promitosis, takes place, while cyst formation is also known. 

The c\^sts measure some 6-7 microns in diameter. They are 
slightly brownish spherical bodies containing a spherical central 
nucleus surrounded by bright retractile granules. 

Pathogenicity. — It is believed to be non-pathogenic, and to be 
accidentally present in the faeces. 
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Cercomonas parva Hartinann and Ciiagas, 1910. 

This is probably the same as C, longicauda. 

Family Tetramitid.e Kent, 1880, cmondavit Chalmers and Pekkola, 

1917. 

Definition. — ^Monozoa with three to six anterior flagella (with the 
exception of Embadomonas, whicli has only two visible flagella, 
one anterior and one posterior), with or without a rhizoplast, with 
or witliout a posterior or trailing flage Hum, which may, or may not, 
form an undulating membrane, with or without an axostyJe or a 
cytostome. Habitat, free living and parasitic 

Type Qqwxs. -TelramiUis Forty. 1852. 

Classification. -The family may be divided into thn^e subfamilies 
as follows: — 

A. Without an axostyle : — 

[a) With three flagella- -Sub fa. mil y I., Embadnmonadhuc 
Chalmers and Pekkola, iqi8. 

{h) With four to six flag(dla-— Subfamily IT, Tctrauiitidi na^ 
Chalmers and Pekkola. 1917, emendavit 1918 

B. With an axostylo — Subfa.mily IIP, Tnehomonadimv Chalmers 

and Pekkola, 1917. 


SunFAMii.v lAniAuoMox.VDiN.E Clialmers and Pekkola, 1918. 

Definition.— Tetramitida: with or without a cytostome, but with- 
out an axostyle and with three flagella only. (Only two are visil^lc 
in Embadomonas.) 

Classification. — The known gxaiera of the subfamil}^ Embadomo- 
nadiiue may be recognized as follows: 

A. Without cytostome :■ - 

I. With thre(‘ anterior flagella — (i) Enteromonas da 
Fonseca, 1915. 

11 . With one a.nteri()r and two posterior flagella — 
(2) Dallew^cria Saville Kent, 1880. 

LIT With two anterior and one posterior flagella— (3) Di- 
cercomonas Chalmers and Pc'kkola, 1919 

B. ('viostome present or probably present {as a y^roovc) : — 

1 . With one anterior, oe..e cytostomic and then free, and 
one free trailing flagellum — (4) Trimastix Saville 
Kent, 1880. 

11 . With one anterior and one posterior flagellum which 
is generally cytostomic, and with a large cytostome 
with siderophilous, often folded, border —(5) Em^'a- 
domonas Mackinnon, 1911. 

The genera in which we are interested are Enteromonas, Di- 
cercomonas and Embadomonas. 
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Genus Enteromonas da Fonseca, 1915. 

Definition.- Fmbadoinonadinae without a cytostoine or trailing 
flagellum and with three anterior flagella. 

Type and only Species. — Enteromonas hominis da Fonseca, found 
in Brazil. 

Enteromonas hominis da Fonseca, 1915. 

Definition.- Enteromonas with the characters of the genus. 
Remarks.-- -I'his parasite was first found by da Fonseca in Brazil 
in 1915, and subsequently by Chalmers and Pekkola, in the 
Anglo-Egyptian Sudan, in Europeans and 
natives. 

Morphology. — ^'fhe parasite is roundish or 
oval, without a tail, and with a diameter 
varying from ‘5-6 microns. The periplast is 
not rigid, and encloses an endoplasm, often 
with inclusions such as bacteria. Situate 
anteriorly lies the protokaryon type of 
nucleus, from which a rhizoplast runs to a 
blepharoplast, from which three anterior 
flagella arise. 

Life-History.- — Da Fonseca records longi- 
tudinal division. 

Pathogenicity.- The flagellat(' probably 
caus('s diarrheea. 



Fig. 73 . — Evievomonas 
hominis da Fonseca, 
1915 - 


Genus Embadomonas Mackinnon, 1911 . 

Synonym.- Wenyon and O’Connor, 191O. 
Definition.- Em badomonadinse, with a cytostome and 


one 


: interior and one posterior flagellum 
often folded, cytostomic margin. 

Type Species.- E mhadomonas agilis 
Mackinnon, 1911. 

Other Species.- -T\w type and the 
other specie's may be recognized as 
follows ;■ — 

A. Habitat: intestine of Tricho- 
pierous and Tipida 
LarvcB in British Isles : — 
(a) Cytostomic borders feebly 
siderophilous, cytosto- 
mic flagellum exceed 
ingly delicate and in- 
conspicuous — • 


and with a siderophilous. 





Fig. 74. — Embadomonas agilis 
Mackinnon, 1911. 

(After Mackinnon, from the 
Quarterly Journal of Microscop- 
ical Science.) 


Size: 4-11 x i'5-3 microns. Cysts: about 4x3 microns, 
(i) Agilis. 

[h) Cytostomic borders markedly siderophilous, cytostomic 
flagellum well developed. Size: 7-16 x 5-9 microns. 
Cysts: 5-6 X4-5 microns. (2) Alexeieffi. 
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B. Habitat : intestine of Man in A lexandria 

Anterior flagelhim long and thin, cytostomic flagelhin^ 
shorter and stouter. 

Size : 4-9 microns long, but witii variable width 2-4 microns 
in narrow forms. Cysts: 4*5-6 microns in length. (3) 
Intestinalis. 

Only Emhadomonas intestinalis Wenyon and O’Connor, 1916, 
concerns us. 


Embadomonas intestinalis Wenyon and O’Connor, 1916. 

Synoin^m.—Waskia intestinalis Wen5mn and O’Connor, 1916. 

Definition. — Embadomonas found in the intestine of man in 
Alexandria. Size 4-9 microns in length, but with variable widtli, 
some 3-4 microns in narrow forms. Cysts 4‘5-b microns in 
length. 

Remarks. — This flagellate was found by Wcmyon and O’Connor 
in two cases in the Orwa-el-Waskia section of the 19th (General 
Hospital in Alexandria. 

Morphology. — The flagellate is pear-shaped, with a cytostome 
at the anterior end, from which (or slightly nearer the cytostome) 
a thin anterior flagellum takes origin, while a second stouter and 
shorter arises from the inner part of the anterior wall of the cyto- 
stome, from which it projects for a considerableTlistance. 



Fit.. 75. — Embadomonas intestinalis (Wenyon and O’Connor, 191O). 
Showing dividing torm, flagellate, and cyst. 

(After Wenyon and O'Connor.) 


The cytoplasm is pale, frequently vacuolated with an anteriorly 
situate nucleus, which has a nuclear membrane and a central karyo- 
some. On the surface of the nuclear membrane there are two 
granules from which the flagella arise. 

Life-History. — Forms with two cytostomes|^and four flagella have 
been seen, indicative of division. 

The cysts are pear-shaped bodk s of a pearly- white appearance, 
and quite structureless unless stained, when certain nuclear struc- 
tures can be made out. 

Pathogenicity. — There is no evidence that it is pathogenic. 


Subfamily Tftramitidin.f: Chalmers and Pikkola, 1918. 
Definition. — Tetramitidae with or without a cytostome, with four 
to six^flagella, but without an axostyle . 

Classification.— Eight genera belong to the subfamily — viz:— 
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T etramiius Perty, 1852. 

Callodictyon Carter, 1865. 

Costiopsis Scnn, 1900. 

Chilomastix Ale^xcieff, 1911. 

I'eirachilomastix da Fonseca, 1915- 
Copromaslix Arii ga o, 1 9 1 (>. 

Triccrcomonas Wi'iiyon and O’Connor, 1917. 

P yoleiramitus Chalmers and Pekkola, 1918. 

And they may be differentiated as follows: — 

A. Without cytostonie ; — 

1. With rhizoplast. (i) Proietmmitus Chalmers and 

P(;kkola, 1918. 

2. Without rhizoplast — (2) Copromasfix Aragao, ipib. 

(3) Tricerc()uu>r. IS Weiiyon and Oh'onnor, 1917. 

P>. Cytostonie probably present - 

At all events, tlna'c is a deep ventral longitudinal furrow — 
(3) Callodictyon Carter, 1865. 

( ' . Cytostonie present - 

1. 'rrailing llagellum is free: — 

[a) ik.)d.y dorso-veiitrally (;ompress(‘d, ventral surface 
witii de('p depression whicli serves as a sucker 
and ( ontains tlie cytostonu^ and two short free 
ilagella; tlu* two thick long trailing llagella issue 
from this (h^pression — (4) Costiopsis Seim, 1900. 
(h) Body more or h'ss symmetrical and not compressed 
or a.rrang('d as .above, witli three anterior and 
oii(‘ fr(‘(‘ trailing iiagellum — (5) Tetramitus Perty, 
1852, 

11 . Free- trailing Iiagellum absent:- - 

(a) 3 diree anterior flagella— (6) Chilomastix Alexeieff, 
1911. 

{h) Four anterior- — (7) TetrachiloniasHx da Fonseca, 

Of these gamera we are only concerned with Copromastix, Tri> 
cercoinojias, Chiloiuastix, and Tetrachilomastix. 

Genus Copromastix ]>e Beaurepaire Arag-io, 1916. 

Definition. rc'tramitklina^ Avithout cytostome and rhizoplast. 

Copromastix prowazeki AragJio, 1916. 
l^^ound in ciiltni c's of human fana'S in Brazil. 

Genus Tricercomonas Wenyon and O’Connor, 1916. 

Definition. — Tetramitidinae without cytostome and with three 
anterior and one trailing flagellum. 

Remarks. — This genus is like Cercomonas in many ways, but 
cannot be classified in the family Cercomonadidae; and as it shows a 
resemblance to Protetramitus, we place it here. 



TRICERCOMONA S 


Type Species.--The type and only species is Triccrcomonas hominh 
Wen3^on and O’Connor, 1916. 


Tricercomonas hominis Wenyon and O’Connor, 1916. 

Definition.- -Triccrcomonas of small size and active movements, 
with splierical or ovoid body distinctly flattened on one side and 
with the posterior end drawn out and terminating in a flagellum, 
which can be traced forwards along the flattened side to the anterior 
end of the body, where three anterior long flagella, take origin. 
Habitat, the intestine of man in Egypt. 

Morphology.- — In addition to the charaetc^rs givc'ii al)ove, thi^ body, 
which measured 4-8 microns in lengtli, is seen to lx‘ somt'what 
grooved along tlie course of the posterior flagellum. Nodermit(' 
cytostomc could be seen. Tlie cyto])lasm contains bacilli and cocci, 
a nucleus with a. central karyosome, and a nuclear nuanbraiu', whicli 
is drawn out into a cone-like elevation, from tli(‘ summit of which 
the flagella take their origin. 

Life-History.- -As forms wnth two nuclei hav(‘ Ix'i n seen, it is 
presumed that binary division may take place. 'Du' cysts an^ oval, 
f)-8 microns in length and about half this l)reacith, containing out' 
to four nuclei of the same type as the flagellate'. 

Pathogenicity.- -It is believed to be non-pa thogenic. 



Fig. 76 . — Triccrcomonas iniesHnalis Wenyon and O’Connor, 1915. 

Two flagellate forms (compare side view with Fig. 71) and one cyst. 

(After Wenyon and O’Connor, from the publicalions of the Wellcome Bureau 
of Scientific Research.) 


Genus Chilomastix Alexeieff, 1911. 

Synonyms. — (i) C^rcewm/r^sDavaine, 1880, pro parLe nccT>\x]ixri\\\\. 
1841; (2) Trichomonas Roos, 1893, nec Donne, 1837; ( 3 ) Monoccrco- 
monas Epstein, 1893, nec Grassi, 1879 ; (4) Macrostoma Alexeieil, 1909, 
nec Latreille, 1825; (5) Tanapepea Prowazek, 19TI; (6) Tetramiius 
Brumpt, 1912, nec Perty, 1852; (7) Difeimns Gabel, 1914; (8) Cyatho- 
mastix Prowaazek and Werner, 1914. 

Definition.- -J'etramitidinae wdth large' cytostom(^ three anterior 
flagella, but no free trailing flagt'llum. 

Type Species.— caitlleryi Alexeieff, 1909. Synony^n : 
Macrosioma canlleryi found in the intestine of tadpoles. 

Other Species.' — C. mesnili Wenyon, 1910; C. motellce Alexeieff, 
1912; C. hittencourti da Fonseca, 1915) Fonseca, 1915* 

C. cxmiculi da Fonseca, 1915* 
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These species may be differentiated as follows : — 

A. Characters known to us 

I . Size large ; 20-25 microns in length - 

Flagella easily seen in cysts which resemble C. mesnili 
cysts in size and appearance — -(i) Caulleryi. 

II . Size medium ; 11-18 microns in length 

(a) Cytostome long; cysts about 7x5-6 microns in 

which the anterior flagella arc difficult to see — 
(2) Mesnili. 

(h) Cytostome very short; cysts large, about 8x6 
microns, in which the anterior flagella are very 
distinct- — ^(3) Bittencourti. 

III . Size small ; 7-12 microns in length - 

{a) Nucleus with a central karyosome connected to the 
blepharox)last by a rhizoplast; size 9-12 microns 
in length — -(4) Capree. 

(b) Nucleus without a central karyosome and without 

a rhizoplast; size 7-9 microns in length — 

(5) Cuniculi. 

Jk Characters unknown to us 

Found in species of Motella~- -{6) Motellce. 


Chilomastix mesnili Wenyon, 1910. 

Synonyms.- (a) Cercomojias hominis Davaine, 1869, pro parte j 
(b) M onocercomonas hominis E])stein, 1893, nec Grassi, 1879; (c) Tn- 
chomonas intestinalis Roos, 1893, pro parte nec Leuckart, 1879; 

{d) Macrostoma mesnili Wenyon, 1910; {e) 
hanapepea intestinalis Prowazek, 1911; (/) 
Tetramitus mesnili Brumpt, 1912 ; (g) Difdmus 
iunensis Giihel, 1914; (h) Cyathomastix hominis 
Prowazek and Werner, 1914; {i) Tetramitus 
bods Brumj^t, 1912 ; {k) Chilomastix intestinalis 
Kuezynski, 1914. 

Definition.- — ^Chilomastix of medium size, 
with long cytostoiiK^ and with cysts about 
7x5-6 microns, in which the anterior flagella 
are difficult to see. 

Historical. — This flagellate appears to have 
been first noted by Davaine in i860, being 
called Form A of Cercomonas hominis. After 
this it was noted by Roos in 1893, and by 
kZxistein in the same year. It was rediscovered 
and projX'rly described by Wenyon in 1910. 
and later noted by Prowazek in 1911, Nattan- 
Larrier in 1912, Brumpt in 1912, Gaebel in 
1914, Chatterjec in 1915, Wenyon in 1915, Da Fonseca in 1915 and 
igi6, Fantliam and Porter in 1915, Archibald, Hadfield Logan, and 
Campbell in 1916, Wenyon and O'Connor in 1917, Castellan! in 1917, 
and Chalmers and Pekkola in 1918. 



Fig. 77 . — Chilomastix 
mesnili Wenyon 
1910. 

Note the membrane 
rai.sed by the c)^to- 
stomic flagellum. 
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Remarks. — parasite is widely distributed all over the world. 

Morphology. — Its shape varies, but it is generally pear-shaped, 
measuring some 11-18 microns in length if the caudal appendage is 
included, and some i •6-4-0 microns less if this is excluded. There 
is a large cytostome situate anteriorly. The cytoplasm contains 
a large, roundish, oval or slightly irregular chromatic nucleus, 
anterior to which lies two or three granules, from which the three 
anterior flagella take their origin. No rhizoplast can be seen. The 
margins of the cytostome are thickened, and appear to contain a 
fourth or posteriorly directed flagellum in the inner siderophilous rim, 
while the outer rim appears to be homologous with a parabasal. 

Life-History. — Reproduction takes place by binary fission and 
cyst formation. The cysts are usually egg-shaped, measuring 
7 X 5*6 microns. The cyst wall is separated from the parasite by a 
clear space, while the cytoplasm contains a nucleus, a blepharo- 
plastic mass, and at times the mouth margins can be seen. Division 
forms with two nuclei have been noted. 

Pathogenicity .“There is a difference of opinion. vSome observers 
consider it to be non-pathogenic, while others hold that it is may 
cause diarrhoea. 

Subfamily Trichomonadin^ Chalmers and Pekkola, 1917. 

Definition. — Tetramitidae with an axostyle. 

Classification. — ^The ten genera, belonging to this subfamily may 
be differentiated as follows: — 

Diagnostic Table of the TKiciioMONADiNiB. 

A. Cytostome absent 

I. Three anterior flagella — (i) Protrichomonas Alexeietf, 
1911. 

II. Four anterior flagella — (2) Monocercomonas (Irassi, 
1879. 

B. Cytostome present 

1. Without undulating membrane: — ■ 

{a) Without trailing flagellum : — 

1. Periplast thickened in places; four anterior 

flagella — -(3) Polymastix Biitschli, 1884. 

2. Periplast not tliickcned; six anterior flagella 

— (4) Hexamastix Alexeieff, 1912. 

(/j) With trailing flagellum 

1 . lliree anterior flagella : — 

(1) Without parabasal — (5) linirichomastix 

Kofoid and Swezy, 1915. 

(2) With parabasal wound around the axo- 

style — (6) Devescovina Foa, 1905. 

2. Four anterior flagella — (7) T etratrichomastix 

Mackinnon, 1914. 
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II. With undulating membrane: — 

1. Three anterior flagella-T^) Trichomonas Donne, 

1837- • ■ 

2. Four anterior flagella— (9) TetrainchomonasV»x\SA, 

1910. 

3. Five anterior flagella — {-io)Peniainchomonas Chat- 

teijec. 1915. 

()[ these genera. Trichomonas, I'etradrieJiomonas, and Pentatri- 
cljonionas concern us. 

Genus Trichomonas Donnu, 1837. 

Definition.- 'rricliouioiiadinie witli a cytostonu', an undulating 
meinl)ran(‘. and t]irec anterior flngella. 

Remarks.- -In ids work ‘ Keolicrcln'S ndcroscopiqnes sur hi nature 
du mueus,’ Donne (1837) described nnd iigured an organism wliich 
he found in innurneralde quanlitic^s in vaginal mucus. 

He considered that it ])oss(‘SS(‘d a, single flagellum which at times 
was bifurcated distall}", a siudes of threes to live cilia with very rapid 
rotatory movement, and that at times it was 
c'longat(‘d ixisteriorly into a tail. The name was 
first sp(‘lt Tricorn ouas, but aJterwards altered to 
Trichomonas. 

Dujardin (1841) described T. limacis from 
Liniax a<^rcsHs in much the same terms, and so 
did Perty (1852) with regard to T. haiyuchonim, 
lliough h(‘ de])icled the axostyle, but Stein’s 
ligun'S of Perty ’s organism sliow cU-arly ihe tlina* 
anterior flagella, tlu; undula.tmg membra, Jie. the 
})osteri()r free llagdluin, the axostyh*. tin' nucleus, 
and the cytosloiiKc and in this way was la. id tin' 
foundations upon which tlu' main leaturc'S of tlie 
g(uius were ])lac('d. 

Returning now to the t}'pe T. vai^incdis, tliis 
was restudied in 1884 dy Pfloclnnann, who illus- 
JuG. yS.- 'J'etra- trated tlu‘ three anterior flagella, the undulating 
irichomoiias gal- membrane, the axostyle and the nucleus, but in 

Ixiinstler produced a. much better 
1912). ( X 2,000 illustration showing four anterior flagella taking 
])iAMi'TEKs.) their origin from a blepharoplast from whiclx the 
undulating membrane also arose, while this sliows 
a trace of a parabasal. The nucleus is also represented, wliile the 
axostyle shows ('xcei dingly clearly. He also saw the cytostome. 
Bensc'U (1910) figun'd two bh'plraroplasts, one of which is connected 
with the nucleus l)y means of a rliizoplast, and he also gave an 
illustration of a cyst. Thus the t5rpe species 2 \ vaginalis was 
brought into line with the results of researches upon the species 
found in animals, of which a number have been carefully described 
and drawn by Dobell, Alexeieff, Martin and Robertson, Kiiczynski, 
an(J by Kofoid and Swezy. 




TRICHOMONAS 


353 


The only difficulty is with the type T. vaginalis. Does it 
possess three anterior flagella or four ? If the latter, then the genus 
Trichomonas has as a synonym Tetratrichomonas, and a new name 
must be found for the forms with three anterior flagella. 

Type Species. — Trichomonas vaginalis Donne, 1837. 

Morphology. — ^The essential points in the general morphology are 
the pear-shaped body, the small antc^rior and ventrally situate cyto- 
stome without siderophilous lips, and the three anteriorly springing 
flagella arising (according to Wenyon) from the anterior of the two 
granules into which the blepharoplast is divided. From tli(‘ pos- 
terior granule arises a posterior flagellum, wliich, passing baf hwards, 
forms the undulating membrane and Anally terminates in a fre(‘ 
posterior portion. From the same granule arises another stiff rod- 
like structure, the parabasal, which serves as a support for the un- 
dulating membrane, and often there is a row of granules lying parallel 
to this rod. Springing from the blepharoplast and directed pos- 
teriorly over the nucleus is a peculiar body, clear, with bounding 
lines, which projects from the })osterior end as a spine and often 
contains chromatiriic granules. Th's organt^lla is the axostyle, called 
also the baguette interne. It may be a supporting structure, but 
it may also be concerned in movement. It does not stain with 
nuclear stains, and therefore appears clear, while in the living 
organism it is a ref rac tile rod. 

The nucleus is usually more or less oval, and possesses a membrane, 
inside which the chromatin is distributed in the form of granules. 

Two chromatinic granules (axoplasts) arc' often found where the 
axostyle leaves the cytoplasm. 

Life-History. — -Binary division with its nuch^ar changes have been 
carefully studied by Kotoid and Swezy . Multiple hssion has also been 
described. Transference from host to host is by tlie lypical cysts. 

Classification. — -A very large and increasing number of species 
of doubtful value are in existence — T . bactrachorum Perty, 1852, 
in frogs; T. suis Gruby and Delafond, in pigs; T. limacis Dujardin, 
in snails; T. lacertce Blochmann, in lizards; T. cavict Davainc, in 
guinea-pigs; T. pcrronciti Castellani, 1907, in monkeys; T. colum- 
barum, in pigeons. Plimmer and others have also recorded a 
Tetratrichomonas in the blood of snakes (Fig. 79), and this prob^lbly 
came as an infection from the alimentary canal. Martin and 
Robertson have also described forms in fowls, and Kuezynski has 
contributed an elaborate paper on the morphology of the genus. 

Four sp.^cies are said to occur in man — T. vaginalis, T. hominis, 
T. dy sentence, and T. puhnonalis. 

While some differences do exist in the animal forms, still there is 
nothing of a sped Ac nature to be found in tlu^ human and it i:, 
quite possible that they are all one species, and that they arc thc^ 
same as that found in the rat — -viz., T .intestinalis, with three anterior 
flagella, unless, indeed, T. vaginalis really posstisscs four flagella, 
but on this point We are not certain; moreover, Kunstler was often 
wrong with regard to the number of flagella {vide Poly mastix melo- 
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donthcBy which he said had six flagella, and T. inteshnalis, which he 
depicted with four flagella). 

There is, however, a peculiar matter which must be referred to. 
Schaudinn stated that tricliomonas becomes an amoeba, and that 
two of these amoebae, after giving off reduction bodies, became en- 
cysted together and conjugated. The zygote divided into several 
portions, leaving a considerable nucleus de reliquat. Gauducheau 
has described amoeboid forms becoming a trichomonas, but such 
observations have failed to meet with conhrmation so tar, and are 
therefore sub judice. 

Trichomonas vaginalis Donne, 1837. 

Synonym. — Trichomonas irregularis Salisbury, 1868. 

This parasite lives in the vagina when the reaction of the mucus is 
acid. It is found in Europe, and we have observed it in Ceylon and 
in equatorial Africa. It has also been reported to occur in the 
uretlua in men, after cohabitation with women infected witli the 
parasite. 

It is not transferable to rabbits, guinea-pigs, or dogs. It has 
]iot been cultivatc'd, nor is it understcxxl how women become 
infecti'd. 

7 . vaginalis is lusiloriii or pear-shaped in a})pearance, length 
irojii 15 to 25 //. and breadth from 7 to 12 (j>. The non-fleigellate 
extremity is j)()inted and tlu^ flagellate extremity rounded. The 
parasite is geinaally considered to be harmless, but we have, how- 
ever, found it much more fn'qiumtly in women suffering from 
vaginitis than in normal women. 


Trichomonas hominisDavaine, 1854. 

Synonyms. -Cercomonas hominis Davainc, 1854; f • lulcsiinalis 
La.mbl,i875; 1 .tnleslinahsl.ouQk. 2 A:i, 1879; M onocercomonas hominis 
(irassi, 1882; Oimcenomonas hominis Grassi, 1883. 

The utmost confusion has existed between tliis species, Oicomonas 
hominis and 7 . vaginalis. It has been found in cases of diarrhcea in 
Europe, India, and ( eylon, but in small numbers may be found also 
in the intestine of individuals apparently healthy; it has also been 
reported from the mouth cavity and stomach. It seems to prefer 
to live in alkaline mu( us. 

1 . hominis is pear-shaped, with a breadth of from 18 to 25 ju, 
vuth three flagella at its broadest end, and an undulating membrane. 
I he cytoplasm contains a rather indistinct nucleus, and one or 
stweral non-pulsating vacuol(‘s. 

It has not been transmitted to animals, nor has it been cultivated. 
It can reproduce by longitudinal division, but forms are to be seen 
indicating encystment and conjugation. Alexeieff considert'd at 
one time the bodies described as trichomonas cysts to be in reality an 
ascomycetes fungus, which he called Blastocystis enierocola and 
Brumpt used the term Blastocystis hominis. 
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Trichomonas dysenteriaB";Billet, 1907. 

This Trichomonas was first found by Billet in the faeces, and later 
in 1912 by Gauducheau, who believes that it becomes an amoeba 
in one stage of its life-history. The latter observer divides thc‘ 
life-history of a Loeschia into — (i) Stage of parasitism in the tissues; 
(2) stage of saprophytism in the lumen of the bowel or in cultures 
when it lives on bacteria; (3) stage of free existence when it is a 
flagellate. He considers that Loeschia undulans Castellani. 1904, 
is allied to this species, althougli (histellani is inclined io believe' 
that it is a stage of an Oicomonas. 

Trichomcnas pulmonalis Schmidt 1S95. 

This form has been found ny Schmidt and St. Artault, Leyde n 
and Jaffe, in the sputum and lungs of persons suffe'ring from phthisis, 
gangrene, and putrid bronchitis. 

Other Species. — T. hatrachorum Forty, 1852, in the cloaca of 
Rana temporaria, R. esculenia, Bufo vulgaris, and Hyla arbor ea, in 
Germany and Italy; T. suis Gruby and Delafond. in the alimentary 
canal of pigs; 2\ limacis Dujardin, in the gut of Limax agrestis ; 
T, lacerlce Blochmann, in the cloaca of Lacerta agilis, cavim 
Davaine, in the large .^bowel of 
guinea-pigs; but this last may 
perhaps be separated off into a 
separate genus, Trichomastix, 
with one long flagellum directed 
across the body. 7\ perroncili 
Castellani, 1907, in monkeys 
suffering from diarrhoea, is V('ry 
similar morphologically to T. 
hominis. T. columharum Pro- 
wazekand Aragao, 1909, is found 
in the buccal mucosa of pigeons. 

Plimmer has shown that flagel- 
lates of the type of Trichomonas 
can be found in the blood of 
snakes. 

Tetratrichomonas Paris!, 1910. 

Definition. — T richomonadinac 
with a cytostomc, an undulating 
membrane, and four anterior flagella. 

Type Species. — T. prowazeki Alexeieff, 1909, found in salamanders 
and tritons. 

Remarks.— Alexeieff (1909) found a trichomonas-like parasite in 
the terminal intestine of Salamandra maculosa, Triton cristatus. and 
Alytes ohstetricans, and subsequently in Hamopis sanguisuga. Ihis 
parasite, measuring 10 to 14 by 4 to 7 rnicrons, possessed four free 
unequal anterior flagella and an undulating membrane thrown into 



Fig. 79. — Flagellate of 'rRicHo- 
MONAS Type found in the Blood 
OF A Leopardine Snake. 

(After Plimmer.) 
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long loose folds, as well as a thinnish axostyle and a nucleus rich in 
chromatin and bounded by a very definite membrane. He named 
this organism Trichomonas prowazeki, but as it possesses four and 
not three anterior unequal flagella, Parisi created a new genus with 
it as the type. 

Tetratrichomonas vaginalis Castcllani and Chalmers, 1919. 
Kiinsth'r described Trichomonas vaginalis with four flagella, and 
we have seen forms in the human x^agina with four flagella. 

Tetratrichomonas intestinalis Chalmers and Pekkola, 1919. 

Found in human keees in Egypt by Wenyon and O’Connor, and 
later hy Chalmeis and Pekkola in the Sudan. 

Genus Pentatrichomonas Chatterjee, 1915. 

Definition. — Trichomonadinae with a cytostome, an undulating 
membrane, and five anterior flagella. 

Type Species. — Pentatrichomonas ardindeUeili Derrieu and Ray- 
naud, 1914, found in the intestine of man in Africa and India. 

Remarks.- -Chatterjee instituted this genus for a flagellate which 
he found in the intestine of man in Bengal, and which at the time 
he called P. bengalensis. This organism agrees in most particulars 
except measurement with that mentioned above under the heading 
Hexamastix Derrieu and Raynaud, and therefore Chatterjee’s 
generic name takes the place of this Hexamastix, but Derrieu and 
Raynaud’s specific name has priority, and the parasite becomes 
known Pentatn chomonas ardindelteili Derrieu and Raynaud, 1914, 
until some definite difference between the two is established. 

Mor(‘ recently Chatterjee states that he has found this organism 
to be present in thirty-two cases of chronic dysentery. 

Pentatrichomonas ardindelteili (Derrieu and Raynaud, 1914). 

This is the only species and hence also the type, and has the char- 
acters of the genus. It is found in man. 
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PRELIMINARY REMARKS. 

In tliis chapter wc^ complete the study of the Monozoa by considerin.G^ 
the forms allied to Herpetomonas and to 1'rypanosoma, which 
have been gathered together into one family, the Trypanosomida^ 
of Doflein, and follow this by a description of I.eucocytozoon and 
the Spirocluetes, of which the classification is uncertain. 

FAMILY TRYPANOSOMIDiE Doflein, 1901. 

Definition. -Monozoa })ossessing one flagellum, without a collar 
and with th(^ kiuetonucleus separate from tlu' nucleus. 

Classification. This family may conviniently be divided into 
two subfamilies as follows 

(a) Undulating membrane absent or rudimentary and the kinc- 
toiuicleus on the flagellar side of the trophonucleiiS' — 
vSubfamily i, HerpetomonincB Castellani and Chalmers, 
1919. 

{h) Undulating membrane well developed and thi^ kineto- 
nucleiis on the aflagellar side of the trophonucleus- — 
Subfamily 2, Trypanowminev Castellani and (dialmers, 
1919. 

SUBbWMITT HERPETOMONIN^ Castellani and Chalmers. 

1919. 

Definition.' Trypanosomidai in which tlie undulating membrane 
is either rudimentar}^ or absent, and in which the kinetonucleus is 
situate on the flagellar side of the trophonucleus and remains there. 
Type Genus. — Hcrpefomonas Saville Kent, 1881. 

Classification.— The various genera which used to be gathered 
togeth(‘r in the family Herpetominidse were — 

1. Herpetomonas Kent, i88t. 

2. Leptomoyias Kent, 1881. 

3. Crithidia Leger 1902, emendavif Patton, 1908. 

4. Leishmania R. Ross, 1903. 

35S 
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5. Toxoplasma Nicolle and Manceaiix, 1908. 

6. Piroplasma Patton, 1895. 

7. Achromaticus Dionisi, 1898. 

8. Histoplasma Darling, I9()(). 

Unfortunately, there has been miicli confusion with regard to 
these genera, due to lack of certain knowledge with regard to the 
morphology and life-histories of the type species. The controversy 
was keenest with regard to the points as to whether Herpetomonas 
and Leptomonas were or were not the i-ame genus; whether Herpeto- 
monas and Crithidia are good genera or simply stages in the life- 
cycle of a tiypanosome. Brietiy, the position is this: In 1851 
Burnett discovered a flagellate in the house-fly, and called it Bodo 
musccB-domesticcB, for which Kent created the genus Herpetomonas in 
1881 ; but two pages earlier in his book Kent created the genus 
Leptomonas for a flagellate which Biitschli had found in the intes- 
tine of Trilobius gracilis in 1876. The only distinguishing features 
between these two genera are the presence of a contractile vacuole 
and the flexibility of the body in Herpetomonas, but modern reseiarcli 
fails to confirm the presence of this contractile vacuole in Herpeto- 
monas, and flexibility per se is insufticient to separate the two 
genera. Prowazek, howevt'r, in 1904. emended Herpetomonas, 
describing //. musocB-domesticcB as possessing two flagella united by 
a membrane, and arising from a flagellar-situated diplosome; but 
Patton, in 1909, and Mackinnon, in 1910, have demonstrated 
that this is merely a stage in the division of H, mmcce-domesticce ; 
and Chatton and Leger, in 1911, demonstrated that there was an 
axostyle present in Leptomonas drosophilce ; and ('hatton later showed 
that the diplosome of H, muscce-domesticcB was merely the remains of 
tliis axostyle. Therefore it would appear that the two genera are 
indistinguishable, and might therefore be united, and, if so, the older 
name Leptomonas would by the law of priority come into use, to the 
exclusion of the name Herpetomonas ; and this may happen, but it 
cannot be adopted at present, because the type species of the genus 
Leptomonas — namely, L. hutschlii Kent, 1881- — has. as yet, been 
incompletely studied, and may eventually be found to be the same 
as, or different from, Herpetomonas / therefore we continue to retain 
the two genera Herpetomonas and Leptomonas in the same condition 
as in our last edition- -that is to say, indistinguishable from one 
another. 

With regard to the controversy as to whether there is a genus 
Crithidia or not, the answer is much simpler. There can be no doubt 
that crithidia-like forms exist in the life-cycle of many trypano- 
somes; but the Work of Patton, Porter, and Swingle has clearly 
shown that there is a separate genus, CrithidialLo^ev , 1902, emended 
Patton. Further, we believe that Miss Porter is correct when 
she statcis that Crithidia should be placed in the family Trypanoso- 
midae on account of the presence of an undulating membrane*. 

With regard to Leishmania, a better knowledge of the life-histoiy 
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has shown that this is merely a Herpetomonas or Leptomonas, but 
at the present time we retain it as a separate genus, as the full life- 
cycle has never been completely traced. 

So far we have been considering genera in which there is no 
doubt that one stage of the life-cycle is flagellate; now we turn to 
the other genera, concerning which doubt is freely expressed as to 
whether they bc^Iong" to the Mastigophora at all. 

With regard to Toxoplasma, it was considered by some observers 
to he allied to Leishmama, but it contains only a single nucleus, 
witlioiit evidence of a kinctonucleus. and without the appearance of 
a uagellate stage on cultivation; and its life-cycle is little known, 
as IS that of an apparently allied genus, ElleipdsomaVranga, 1911, 
wliiic the relationship is further complicated by the genus Toddia 
^ranga, 1911, which is said to arise from the infective granule. 

lere appears to be more flagellate evidence for the genus Glolndium 
iN eumann, 1909 . I he so-called LcMcocytozodn piroplasmoides Thiroux 
and eppaz appears to be allied to Toxoplasma, having only one 
nmJeiis. and not develo])ing any flagellate forms on cultivation, 
r lUcdly, the work of Yakimoff and Kohl-Yakimoff indicates that 
l oxoplasmai^ related to the Hiemogregarines, especiallv as vSplen- 
( 1 ore s flagellate stage has not been conhrmed by Laveran’s 

The genus Piroplasma used to b(‘ classed with Herpetomonas 
necause flagellat(‘ forms had been found by several observers, but 
these findings ha, Vi' l)een disenalitt'd because (i) tluy were discovered 
m the old faulty air-diied smears; (2) the possibility of Iheir being 
intestinal flagellates of the* genus Prowazekia, which entered the 
blood belore death in diseaseil anirmds; (3) they are regally trypano- 
somes, and not dcaa'lopnu'nt stages oi Piroplasma ; (4) the careful 
work of Nuttall and his collaborators have failed to demonstrate 
a flagellate stage. 

AchromaUcus was ])la.ccd with the Tlerpetomonina' because, 
according to Gondcr. it always has a tro])honucleus and a kineto- 
nucleus, while Neumann maintains that it becoims flagellate in 
vespcriilionis. On tlu' other liand , Yakimoff. 
Stomikotf. and Kohl-Yakuuoff di'iiy the iiresence of the double 
nucleus, and consider the parasite to be a typical Piroplas^na. 

According to Darling, dhsioplasma liecomes flagellated in the 
lungs, and therefore belongs to the Herpetomonince, though Rocha- 
Imna considers it to be a yens! , a view which we adopt. 
RhyneJundomonas belongs to the Tryiianosomime. 

\V.' Iherefore recognize the following as definitely belonging to 
the Herpetomoninae : — ^ ^ ^ 

T. Herpetomo7tas Kent, 1881. 

2. Leptomonas Kent, 18S1. 

3* Crithidia L^ger, 1902, emendavit Patton, 1908. 

4. Leishmania Ross, 1903. 

5. Hcemocystozodn Franchini, 1913. 
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These five genera may be differentiated as follows 
(a) Undulating membrane absent : — ■ 

Genera: Herpetomonas, Leptomonas, Leishmunia, Hcemo- 
cystozodn. (Probably all belong to one and the same 
genus, Herpetomonas.) 

{h) Rudimentary undulating membrane present. — Genus 
Crithidia. 

MorpholOgy.^ — -The flagellate stage of the Herpetomoninae is 
usually an elongated spindle-shaped mass of cytoplasm composed 
of an inner granular endoplasm surrounded by a periplast (ecto- 
plasm). In the cytoplasm lies a chromatinic mass, the tropho- 
nucleus, which, when properly treated, appears to be of the nature 
of a protokaryon. On the flagellar side of this lies another mass of 
chromatin called the kinetonucleus, and further back on the same 
side a minute bead — the blepharoplast — from which the flagellum 



Fig. 80. — The Life-History of a Herpetomonas. (After Fantham.) 

])asses througli the cytoplasm, either directly, and so forming no 
undulating membrane and becoming a free flagellum, or it carries 
the cytoplasm with it, forming a rudimentary undulating membrane . 

Life-History. — -The flagellate forms arc usually the inhabitants 
of the intestine of the arthropoda, but some live in plants. 

They can multiply in their arthropodal host by longitudinal 
division of the flagella! e stage, but this may become rounded binu- 
clcate cysts, which, passing from one host with the faeces, can infect 
a new host. 

In the new host it appears as a non- flagellate binucleate rounded 
form, often called a Lcishmania-like body, or the Leishmaniform 
stage, which develops in due course into the flagellate stage again. 

Thus in the life-cycle there are the following stages 

1. The flagellate stage. 

2. The post-flagellate or encysted stage. 

3. The Leishmaniform stage. 

4. The flagellate stage again. 
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The Herpctomoninae are distinct forms, and are not stages in 
the life-cycle of a trypanosome. . . 

Hereditary Infection. — In an important paper O raireJl in 1913 
traced the infection of the ovum of: the tick Hyahmma iBgyfUum 
by Crithidia hvalommcc. ^Usually the flagellate stage is passed in 



81.- — Tm: Lifk-Cycli£ of Criihidia hyalomwcB O’Farffll, 1913. 

(After O'Farrell/) 

It demonstrates hereditary infection. The arrows in the infection of tlie 
ovum, except tlie two on the right-hand side, are wrong. The* left upper 
arrow should run from the adult to the ovum; the other two arrows should 
be omitted. 

hcxmoccelic fluid of the tick, but about the time of and during 
ovoposition a considerable number of the flagellates enter the ovary, 
and some penetrate by their aflagcllar extremity into the ova, where 
they become the Leishmaniform stag(', which may form large plas- 
modial masses which break up into small resting forms. This flagel- 
late is therefore strictly parasitic in the tick, and its life-history 
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resembles that described by Porter for Crithidia melophagia in the 
fly Melophagus ovinus. 

Pathogenicity. — In an able paper published in 1916 Fantham 
and Porter have shown that by feeding and by inoculation of various 
forms of herpetomonads and crithidias acute and chronic attacks 
of herpetomoniasis can be induced in vertebrates. Thus Herpeto- 
monas jaculum, from Nepa cinerea, by feeding, produced the disease 
in mice, birds, a snake, frogs, newts, and fish; H. stratiomyicB from 
Stratiomyia chameleon in a mouse; H. pediculi from Pediculus 
corporis in mice; H. culicis from Culex pipiens in birds; 
H. ctenocephali from a flea in a dog; Crithidia gerridis from Gerris 
paludum in dogs, lizards, mice, and frogs. In the infected animals 
both flagellate and Leishmaniform parasites were present. 

These experiments are of great importance, and support the views 
expressed by Archibald that the method of infection of kala-azar 
in man is from aquatic insects and per os. Experimental herpeto- 
moniasis is characterized by insidious onset followed by rapid illness, 
splenic and often hepatic enlargement, attacks of fever, emaciation, 
and often death. 

Evolution of Herpetomoniasis. — As a result of the above-mentioned 
experimental work, Fantham and Porter have deduced the view 
that, in the case of the herpetomonads, disease is in the making to- 
day, and that as the result of changi; of habitat (brought about by 
ingestion or insect-flecal contamination of a bite), a herpetomonas 
may find itself in a vertebrate host, and there, taking on its Leish- 
maniform stage, becomes pathogenic, producing the disease herpeto- 
moniasis, which may be acute or chronic. In the acute disease the 
flagellate forms abound, while in the chronic there arc many more 
Leishmania-like forms. 

Vertebrate Reservoir.~As a variety of the chronic infection may 
be mentioned the vertebrate reservoir. 

In 1914 Sergent, Lemaire, and Sanevet found herpetomonad 
flagellates in the blood and organs of a gecko in areas in Algeria in 
which Oriental sore was endemic, and suggested that the possible 
carrier was a phlebotomus. In the same year Chatton and Le 
Blanc found Leishmania-like forms in the red blood-cells of geckos 
in Tunis. 

In 1915 Bay on found herpetomonas in the alimentary canal of 
Chameleon pumilus at Bobbin Island, and also in a fly, Scatophaga 
hottentota, and suggested the possibility of infection of the verte- 
brate by swallowing a fly. 

In 1914 Lindsey suggested that the oral Leishmaniasis of Paraguay 
might have its reservoir in rattlesnakes and its carrier in ticks or 
Simulium flies. 

On the other hand, the very careful work carried out by Archibald 
in the Sudan has apparently excluded domestic animals as possible 
reservoirs of kala-azar in that region, where dogs are not readily 
susceptible to the virus, a fact which rather tends to differentiate 
the parasites of Sudan kala-azar from those of the Mediterranean. 
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Method of Infection. — As indicated above, the method of infection 
would be by swallowing the arthropod or some of its faecal matter 
containing cysts, or by faecal contamination of its cutaneous bite, 
or by both methods. 

Archibald’s evidence is against an insect as the infective agent of 
kala-azar in tlie Sudan, which he suggests is water-borne, in which 
case it inight come from the faeces of insect larva" or an aquatic 
arthropod. 

Treatment of Infections. -Preparations of arsenic and of antimony 
are of great benefit in treating cases of herpetomoniasis or Leish- 
maniasis. 

Prevention.' Dodds, Price, and Young seem to have had some 
success in segregating the infected human cases and removing the 
healthy to new abodes, and on theoretical grounds it would appear 
tliat if herpetomoniasis was endemic in any region, this should be 
examined for- • 

(a) Possible vertebrate reservoir; 

{h) Possible arthropod carrier; 

and it tlu'se arc found, (‘Ven if they are only possible, steps should 
be taken to protect the inliabitants from them. 


Genus Herpetomonas Kent, i88i. 

Synonyms. Stein, pro parte: Cercomonas Diijardin, pro parte ; and 

perhaps Leptomovas Kent. 

elongated, rod-like, with a single flagellum. 
The kinetonncieus is situated near the posterior end, so that the flagellum is 
not attached to the side of the body, but becomes free at once and projects 
posteriorly. Tliere is no undulating membrane. The contractile vacuole 
IS situa,te quite close to the posterior extremity. The trophonucleus lies about 
the middle of the parasite, and possesses an achromatic substance with 
chromatic granules inlcrspersed . The anterior end is tapering. 

Type Species. — Herpetomonas musccs-domesticce Burnett, 1851. 

History.— The genus Herpetomonas was created in 1881 by Saville Kent for 
Burnett s Hodo mnsccB-doniseticce. and since then many flagellates Lave, rightly 



or wrongly, been classified under this genus. The life-cycles have been studied 
by LCgerin 1903; Prowazek, 1904; Patton, 1907-08; Berliner, 1909; and Miss 
Porter, 1911. At the present time there are two different views concerning 
the characters of the genus: (a) Prowazek’ s view, supported by Chatton 
Alilaire, and Berliner, that it is biflagellate; (6) Patton^ view, supported by 
Miss Porter and others, that it is uniflagellate (a view which our observations 
Support.) » 

Romarks.—The species of Herpetomonas, though not parasitic in human 
beings, are important to the student of tropical medicine, as they are parasitic 

minuets. Yrius, Herpetomonas musc<B~domesticc8 ^xxvriQtt is parasitic in the 

intes^nal canal of 8 per cent, of the house-flies (Prowazek), while others are 
found m fleas and bugs. 
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As already stated, there is considerable difference of opinion concerning the 
status of the Herpetomoninae at the present moment. A number of observers, 
including Leger and Sambon, look upon them as merely stages in the life-history 
of trypanosomes; while others, such as Novy, McNeal, Ross, and Patton, hold 
that theyare probably distinct from the blood trypanosomes. Woodcock, how- 
ever, is correct when he says that those with trypaniform characters will 
probably be found to be stages in the life-cycle of trypanosomjs, while the 
more typical herpetomonads will be found to be separate and distinct from 
these parasites. 

In other words, some of the forms found in blood-sucking flies, leeches, etc., 
may be stages in the life-cycle of trypanosomes, while other forms, together, 
with those found in non-blood-sucking Hies, and perhaps those found in larvae, 
may (though it is open fo question in the la-vae of blood-suckers) belong to a 
truly separate genus. The life-history of tlu se forms has been mainly studied 
by Prowazek and Patton, whose results diffc remarkably. 

Herpetomonas muscae-domestic® Burnett, 1851. 

Synonyms. — Bodo muscce-domesticcB Burnett, 1851; Ccrcomonas musccB- 
domesticcBB>\\riiGti, 1851 \ Leptomonas niusccd-domcsticcD Bnrneii, 1851. 

This flagellate is found in Musca domestica L., Homalomyia scaUuis 
Fabricius, yudis F., Fheicomyza fusca Macquart, Lucilia sp, ?, Pycno- 

soma pulorum, Scatophaga lutaria 
F., Neuroctena anihs Fallen, and 
Homalomyia corvina Verrall. 

Miss Mackinnon has given a 
careful account of the morpho- 
logy and life-history of Herpeto- 
monas musccB-domesticcB which 
is found in the house-fly Musca 
domestica Linnaeus. 

Morphology. — The preflagel- 
late stage takes place in the mid- 
gut, or more rarely the hind-gut, 
of the fly in the form of small 
round or oval bodies, 3 to 4 ytt by 
2*5 which possess a circular tro- 
phonucleusand a rod -shaped kine - 
tonucleus, while a rose-pink area 
in specimens stained by Giemsa, 
running from the kinctonucleus 
to the end of the cell, indicates 
the position of the future flagel- 
lum. This stage passes into the 
flagellate stage which takes place 
in the mid -gut when thcHerpeto- 
monad appears as a rather elon- 
gated (25 by 2*5 fji) body, which 
is blunt at the aflagellar end, 
and furnished with a flagellum 
which measures 30 gu, and arises 
from a blepharoplast situate near 
the kinetonucleus. The rhizo- 
plast measures 4 fx, and is mark- 
edly thickened. The rod-shaped kinetonucleus is situate 6 fx from the flagellar 
extremity, and measures 2 /x hy o-8 fx. The trophonucleus is situate almost 
centrally, and measures 3 /x by 2 The Doppelfaden of Prowazek is present 
as a line from the kinetonucleus via the trophonucleus far into the aflagellar 
end of the body. 

Life-History. — Herpetomonas musccB-domesiiceB multiplies by longitudinal 
division, in which the rhizoplast divides first, and each half is seen to have a 



I, Fully developed parasite; 2-5, stages 
of encystment; 6, encysted or preflagellate 
form; ya-Sa, multiplication of the pre- 
flagellate form by simple division; 7^-86, 
multiple division; 9, young flagellate 
stage, 10, other form; ii, longitudinal 
division commencing. 
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separate blepharoplast ; but there docs not appear to be a splitting 
flagellum; on the contrary, Miss Mackinnon believes that the new ila^ 
grows out from one of the blcpharoplasts, but for some time the 
lie close together, and this may last until the new flagellum has reached the 
length of the old flagellum. It is in this stage that the deceptive appearances 
of a biflagellate organism is produced. The kinetonucleus divides, and the 
trophonucleus also divides amitotically, the karyosome dividing first; after 
this the cytopkisin divides. Division takes place so rapidly that the organisms 
become smaller and smaller, and, attaching themselves to the epithelium of 
the hind-gut, encyst-— 7. c., ])a.ss into the post-flagellate stage of aflagellar cysts 
(3 to 4 fx by 3*5 to 2*5 fi), possessing Iropho- and kineto-nuclei. These cysts 
])ass out in the tax es, axid are ac cidentally ingested by the fly along with food. 

Hereditary Infection. --No sign of hereditary infection could be found, nor 
of sexual reprodm tion. 

Other Observations. I 'rowazek describes asexual reproduction by longi- 
tudinal division, in wlu( h the tro])honucleus divides first, then the kineto- 
nucleus, and lastly the llagellum; while Patton fails to find the division of the 
flagellum, and states that the second flagellum is developed as an outgi'owth 
from the kinetoniu leiis. I'rowazek has seen sexual conjugation, which Patton 
fails to find . 1 ’rowazek descril)es ent ystment, and considers that the infection 

is carried by the faBces, with which lattcu* statement Patton agrees, Prowazek 
finds that the male and female jiarasites jienetrate into the eggs of the fly, and 
undergo therein an autogamy by etheogenesis, in which the kinetonucleus 
carries out the development; by parthenogenesis, in which the trophonucleus 
is ac'tive; and by an indifferent type, in which both nuclei participate. There 
are, however, many transitional forms between these stages. Patton’s 
description oi f he life-c ycle is quite different, and resembles that which he has 
given for ( riihidia gerridis {vide p. 367). He further supports this life-cycle 
by his previous desc riplion of a II erpetomonas in Cidex pipiens. 

Herpetomonas iaculum Legu , 1902. 

'This ]>ai cisLte, \vlii< li was fouml in the alimeiitai y ('anal of Nepa ciiicrea by 
Legev, lias been studied in detail by Miss Porter. 

Morphology, Jlerpeiomonas in the flagellate stage nu^asures 13 to 33 jx 

in lengtli by i to 4 ji in bre adth, and is surrounded by a c lear, flexible ect(U])lasm 
jU'ovided with niyonemes, inside wine h is a granular endoplasm with granules 
arranged in sin li a. way as to suggest a cytojiharynx. The trophonucleus is 
oval, the kinetoniit lens is iairjy large, and chromulia are found widely separate 
Irom one anotln'r. A blepharoplast li(‘s c lose to the well-developed flagellum. 

Life-History. I Ik* llagellate at lac h(‘s itself to the wall of the gut or to d6bris, 
and divides until small motionless lorms result, which, shortening and encyst- 
ing, form the ‘ ]>osl-flagellatc‘ staged It now escapes from its host as minute 
cysts in the lax x's, which are depositexi on the leaves of water-plants. I'he 
lax'cs are c-ateii by the young Nepa — z.c ., tluTe is c ontaminative or casual in- 
fection, and now tlic^ ingestcxl c ysts, which are small oval bodies, with tropho- 
and kineto-nuc lei, iorm the pi eflagellate stage ot the life-cycle, which passes 
into the flagellate adult stage. 

Hereditary Infection. — In additkm, Miss Porter has seen flagellate forms 
pass through the wall of the gut near the ovaries, into which they penetrate 
and encyst, all of which is suggestive of hereditary infection. 

H. btltschlii Sa ville Kent, t88t. 

In / rilobins gracilis, but it has not beem ])erfc'ctlv studicxl. 

H. pycnosomee Koubaud, 1904. 

In Pvcnosonia puioriuni Wicxlmann, in Africa. 

H. davidi I>afont, 1909. 

Described in Euphorbia pilulifcra by Lafont, in Mauritius, Ceylon, and 
Reunion, East and West Africa, West Indies, Portugal, and India. We have 
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oiten fowiid this species in Ceylon. The parts o£ the plants aliected are 
not healthy, and the disease is called * flagellosis.’ Miss Robertson has iound 
a similar parasite in cotton plants in Uganda. It measures iO’5-i6*5X i*5 
microns. 

Other Species. — H. gracilis Leger, 1902, in the Malpighian tubules of the 
larvae of Tanypus ; H. lesnei Leger, 1903, in the mid-gut, near the Malpighian 
tubules of Dasyphova pvatorum ; IT. subulata Leger, 1903, in the gut of Tabanus 
glaucopis and licematopota ilalica Meigcn; IT. sarcop hag cs Vvowci/.ck, 1904, in 
the gut of Sarcophaga hcevnorrhoidalis : H. bombycis Levaditi, ii- vesper 

Porter, 191 1 , in the gut of Vespa crabro ; fl . cicnophthalmi Mackinnon, 1909, 
in Ctenophthalmus argyrtes ; IT. dro.sophila: Chatlon and Alilaire, 1908, in 
Drosophila confusa. 

Genus Crithidia Leger, 1902, emendavit Patton, 1907. 

Definition. — ITcrpetomonioae, in wliich the scliizout is characterized by an 
attenuated posterior end, to which the flagellum is attached by a rudimentary 
undulating membrane. The kinetonucleus is situated close to the tropho- 
nuclcus, either on the flagellar sides or slightly and rarely a little on the 
aflagellar aspect of this structure. 



Remarks. — In 1902 Leger creattxl tins genus lor a flagellate organism which 
he found in the alimentary canal of A nopheles maculipennis, and in 1907 Patton 
worked out the life-history of i'rithidia gcrrtdis. 

Crithidia gerridis Patton, i9<j8. 

This flagellate is a parasite in Gerris jossarum Tabvicius and in a species of 
Microvelia, and in a water-bug allied to Pcrillopus found in Madras. The 
flagellate is found in the crop of the insect as a round, oval, or pear-shaped 
body, 4 to 6 ja in length and 3 to 4 jji in breadth, in which lie a circular tropho- 
nucleus and a rod-shaped kinetonucleus. 

The parasite grows and becomes vacuolated, showing, when coloured, a 
small pink staining area between the kinetonucleus and the periphery, which 
later becomes a distinct pink rod, and is a rudimentary flagellum attached by a 
rudimentary undulating membrane to the cell. This membrane shows as a 
faint pink band between the flagellum and the body of the parasite. 

Later the flagellum can be seen arising from an achromatic area, the blepharo- 
plast, close to the kinetonucleus, and running along the periphery of the para- 
site. 

The kinetonucleus increases in size, and the trophonucleus shows its chromo- 
somes, while chromatic particles appear in the cytoplasm. 

The kinetonucleus now approaches the trophonucleus, and elongates and 
divides, while the flagellum thickens and splits longitudinally, so that there 
are two kinetonuclei and two flagella. 

The trophonucleus and the cytoplasm now divide, so that two daughter 
cells are formed, which in turn divide, forming rosettes of eight to forty or 
more cells, measuring 6 to 10 /z in length by 4 to 8 in breadth. 

Eventually the rosettes break up, and the rounded parasite has a central 
nucleus and a kinetonucleus at one side, and from a point close to this a flagel- 
lum passes round its circumference, giving it an undulating contour. The 
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parasite elongates, and the posterior end is drawn out along the flagellum; the 
length is now 15 to 45 and the breadth 2 to 4 They are often found 
agglomerated together. ^ 

Longitudinal division now takes place rapidly, and the paralites pass down 
the intestinal tract and shorten, until they become round bodies with long 
hagella. A change tlien takes place, the fiagelliim becoming absorbed and 



Fig. 85. — The Life-Cycle of Criihidia gerridis Patton. 

(This is a diagram constructed from Patton’s drawings.) 

14, Ciilhidial form; 15, very slender forms; 16-18, rounded forms losing 
their flagella; 19-3, preflagellate round forms, gradually increasing in size; 
4, 5, formation of the flagellum; b-S, division; 10, agglomeration; 11-13, 
division. 

finally detached, and the parasite appearing as a rounded body with a tropho- 
and a kineto-nucleus. The life-history is completed by the bodies being 
discharged with the faeces into the water, and so taken up by a new host. 
The ovaries and eggs were not infected. This is an excellent example of 
Minchin’s contaminative method of infection. 

Miss Porter has fully traced out the life-history of C . gerridis found in Gerris 
paludum in England, and confirms Patton’s researches. 
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Grithidia melophagia Flu, 1908. 

Flu has de^ribed Cvithidia melophagia in Melophagus ovinus, a y)arasite of 
the sheep. He gives an account of asexual and sexual reproduction. The 
latter is characterized by a process of reduction, followed by conjugation with 
the formation of an ookinete and the infection of the eggs of the insect, which 
m^y cause a second generation of flies to carry the organism (Fig. 90). 

Other Species. — C . fasciculata Leger, 1902, in the intestines of females of the 
species Anopheles maculipcnnis and in Culex [atigans Wied.; C. campanulata 
Leger, 1903, in the intestine of Chironomns plumosus : C. minuta Leger, 1903; 
this parasite is found in Tabaints teygcstiniis, and is characterized by having 
a thick rounded end; C, cleti tlindle and I.ewis, 1912, in Clctiis varius Dali, 
C. pulicis Porter, 1911, in Pulex irritans L., C. hyslricfiopsylUe Mackiunon, 
1909, ill Hystyichopsylla ialpce, and a lui'iiber unnamed by Miss Robertson 
in Hemiptera in Uganda; Cvithidia hyalomwice O’Farrell, 1913. 


Genus Leishmania R. Ross, 1903. 

Synonyms. — Piroplasma Laveran and Mcsnil, 1903, Hclcosoma 
Wright, 1903, Herpetoiiwnas Rogers, 1904. 

Definition. — -Herpctomonime, living principally in endothelial 
cells, but also found in leucocytes and in tlie ixuipheral blood of 
mammals as small, oval, cytoplasmic masses with tropho- and 
kineto-nuclei, and developing into flagellate bodies in cultures. 

Remarks. — Three species arc known in man, morphologically 
similar, but pathogenetically different: Leishmania donovani 
Laveran and Mcsnil, 1903, L. infantum Nicollc, 1908, and L. tropica 
Wright, 1903, and probably there are other varieties. 

With regard to these species there is a general consensus of opinion 
that L. tropica, with its variety americana, is distinct from L. dono- 
vani and L. infantum. In respect to the two last-named forms it 
has been argued that they are identical because: — 

I . Both attack adults and children. 

II. A monkey immunized against L. infantum is refractory to 
L. donovani. 

On the other hand, there are some differences, viz.: — 

I . It is true that both attack adults and children, but the latter 

are much more easily infected by L. infantum. 

II. L. infantum infects dogs readily, while these arc more 

refractory to L. do?iovani. 

III. L. infantum, according to one experiment by Nicolle and 
Manceaux, only produces a local cutaneous lesion when 
inoculated under the skin of a monkey, while L. donovani, 
under similar conditions, according to Row and Korke, 
produces a local cutaneous lesion, with or without a 
general infection, when inoculated into or under the skin. 

For the present we shall treat L. donovani and L. infantum as 
separate parasites. 

The Sudan parasite is considered by Archibald to be distinct 
from L. infantum because : — 


24 



S7^ 


TR yPANOSOMIDJE 


I. It behaves like L. donovani in that it does not readily infect dogs 
expcrimen tally. 

11 . It behaves like L. donovani in that it produces a local cutaneous 
lesion, with or without a general infection, when inoculated into 
the skin of a monkey. 

He further believes that it is a special variety of L. donovani 
because : — 

1. It has signs of a coccal stage in its life-history. This has been 
objected to by Wen yon and Laveran, but has been confirmed by 
Sinallman in two cases from Malta and by Stathan and Butler in 
SjcJ'ra J^coiKC 

11. Experimental evidence is not in favour of its being insect- borne. 
On the contrary, careful feeding experiments suggest that the 
method of infection is oral, while a study of the epidemiology and 
other facts make it probable that it is water-borne. "I'hc feeding 
experiments have been confirmed by Basile, though objected to by 
Laveran, while the epidemiology supports facts noticed by Bous- 
luld, Thomson, and Marshall. 

111 . 'flu local lesion produced by intracutaiieous inoculations into 
monkeys does not exhibit any cosinopliile leucocytes, which is 
different from the lesions produced by L. tropica, but it is not 
known whether this occurs or not in those due to L. donovani and 
L. infantum. 

We therefore recognize it asL. donovani varietas archihaldi. 

Leishmania donovani Laveran and MesniJ, 1903. 

Definition. --Lcishmania, producing in man the signs and symp- 
toms of tropical kala-azar, in experimental monkc'ys general and 
local infectiojjs, but not readily infecting dogs. 

History. — The history is fully given in Chapter XLVll., p. 1289, 
and it need only l)e remarked that the parasite discovered by Leish- 
man in 1900 was described by himself and by Donovan in 1903; 
while Rogers, in 1904, cultivated the parasite at 22"" C. and discovered 
the flagc'llate stage'. 

Christophers, in 1904, considerably added to our knowledge of 
these parasites, and Patton, in 1906 and 1907, showed that they were 
not merely lound more commonly in the leucocytes of the peripheral 
blood than had been previously believed, but that they could develop 
into typical flagellates in the hed-hu^, Clinoco'is rotund atus Signoret, 
1852 (wdiich is the same as C. macrocephalus Fieb), but this is 
apparently more in tlie form of a natural culture than of a cyclic 
development. 

Development in the Bug, — According to Patton, the parasites are ingested 
by the bug enclosed in the large cells or leucocytes, as just mentioned, and 
develop into fully llagellatcd forms without reference to the temperature of 
the external air. 

The first change begins usually by an increase in size up to 4 to 7 and a 
vacuolation of the cytoplasm on the second day, but may be deferred for 
several days. 

The single parasite may proceed directly to flagellation by the appearance 
of an area stained bright pink by Giemsa, and called * the flagellar vacuole.* 
This vacuole, which has a dark centre, rapidly increases in size up to i to 3 /z, 
and, passing to the surface, sends out a small pink brush, which forms tne 
flagellum by merely growing longer. Theie appears to be no doubt that the 
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fiStg^ellum. fornis in this vacuole- and is not directly connected with the kineto* 
nucleus. 

The flagellate form has a dark blue, granular cytoplasm with a circular 
trophonucleus, which stains deeply in the centre, and a kinetonucleus lying 



Fig. 86. — Leishmania donovani Laveran and Mesnil. 


I, Free binucleate forms (after Christophers); 2, endothelial cell and leuco- 
cytes containing parasites (after Chiistophers) ; 3, capillary in the liver, 
showing endothelial cells containing parasites (after Christophers) ; 4, two 
parasites escaping from a leucocyte in the alimentary canal of the bug (after 
Patton) ; 5, further development in the bug (after Patton) ; 6, flagellate forms 
in the bug (after Patton); 7-1 1. culture forms (after Leishman) ; 7, 8, 9 show 
the development of the flagellum. 

across the long diameter, and situated near the trophonucleus, and possessing 
a long flagellum consisting of a number of filaments adhering closely together, 
inserted into a pale area near the kinetonucleus. These parasites may divide 
into two equal or unequal flagellate forms, and apparently may go on so 
dividing ior a length of time. 
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Instead of i)roceeding directly to flagellatioii, the parasite may » 

division of its nuclei inlo Uvo, with tlie Jorinaiion ol two fiagella, and t itn 
division into two llagcllalc parasites, or the iniclei may mnlti])ly withon 
division of the cytojilasni, so that Jorins containing font to eight nuclei may 
be found together, wliic h eventually break up) into scjfarate flagellate forms. 
I’atton has traced the dev(‘lo|)ment into the post-Magellatc stage, and 
Indieves that if tlie l)Ug is led upon human or monkey’s blood the flagellates 
are quicjdy deslro\'ed, f)ui il not so t(‘d the cycle of develojunent is completed 
in ten to tweb c days aftcj' a single lee<l. 1 le bc'lieves that this destruction of 
the flagellates by warm blood is tlie cause of the endeinicity of the disease. 

Dojiov^iUi suggests that tli(‘ tnu; host may be ('onorhinus ruhro- 
fascia/iis, ])Lit Patton linds tliat the ])arasite in this bug degenerates 
and never tlagi'l kites. 

h'ui tlier, t]u‘ (‘vid(']ic(^ so lar oolh'cted does not support the ptossi- 
bility ol the bug, tlu‘ tlea, tlie mosquito, tlu^ phlebotomus, the 
domestic fly, tlu' louse, or the tick as Inaug the causal agmit. It will 
b(‘ remembered that all these arthropiods ])ossess flagellates of their 
own, whicli tin; research(!s of Ihuitham and Port(;r, and I.averan 
atid Idanchini, have shown to be capable of p)rodiicing disc'asc and 
death m mammals wlnm mj(‘cted {vide p, 363), 

As examifles ot fla,g(;llat(‘S occurring in l)Ugs we may quote: — 
Herpeiornonas lydcei in Lyiicriis iniliUiris, found in the Sudan and 
investigated by Archibald ; H . hos-pci in Ly gams Iiospcs ; H. aspongopi 
Aders in Aspongopits vidiicifus (SiidcLii)’, H . pyrrhocori in Pyrrhocoris 
aptcra : also ( rithidia in ('Ictus variiis, (ierris fossorwn. ('onorhimis 
ritbrofascialus, Lcpiocoris IriviUalus ; also a. try])anosome in Neoionia 
fuscipes. it is tlnaefon' possible that th(‘ last word has not yet 
beem said with rrg;ird to arthro])ods and their flagellates as the 
causal agent of kala-a//ar. 

Archibald’s exjxd'iments witli the Sudan variety are V(d'y sugges- 
tive that the inh'ction may l)e per os. The cycle may possibly hv 
from man via the fa'Ces to some watia* arthropod, from wliich it may 
esca])i' also via the f;eees into water, and so via the month into 
the aliirumtary tract and system of man, l)iit this is not vet proved. 
With ladereiici' to this it should l)e remembered that khintham and 
Porter inh'cted young rats by leeding witli Nepea cinerca containing 
Her pet (tun) f la s jaciiluoi. 

Tlic ]ircsciit .state ut our knowledge with regard to this parasite is that it is 
the cause of the disease- called kala azar; and that it is ^jrobably s])read by 
means of .some artlirojxxi, but llu- particular carrier is not known. 

Geographical.' — the ])arasite is known to occur in India, Ceylon, China, 
Arabia, l^gypt, and the Sudan, and many pxrrts of Africa. 

Morphology.- 'Idle parasite- is round, oval, eir ])yriform in sliapie, measuring 
2 to 3-3 fi in lengtli l)y 1-3 ie) fi in breadth, with a granular cytoplasm con- 
taining two ehre)matic masse-s; the- larger, me>re* rounde'd, stains slightly; the 
smalle-r, rod-sha })fd , stains dee])ly. I 'rom tiu- latter a linear struclure (Mesnil 
aiul Novy’s rhizoi)lasl) runs to file- acute e-iiel. A vacuole is also olten ])resent. 

Distribution in the Body, ddu- ])aiasites arc founel soim-1ime\s in large 
numbe-i s m enelothclial cells 111 ll\e eapillaries eU the liver, sj)le-e‘n, bone-marrow, 
lymphatic glanels, anel mucosa ol the intestine, in the blooel from the femoral, 
portal, and liepatic veins, anel more rarely in the circulating blood shortly 
before eleatli. 

Parasites liberated from the large cells are apparently taken up by mono- 
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nuclear, polynuclear, and rarely eosinophile leucocytes, and may be occasion- 
ally seen in films obtained from the finger even in early stages of the disease, 
though more frequently near the end. 

Treutlein has stated that the parasite is to be also found in red blood cells, 
but probalily they are me/cly lying in the loncavity of the red (orjuiscde. 

Life-History. — MuUipliiation in man takes jilacc by simple binary lissiou 
and by multqilc division into thret' or more bodies. Division begins at the 
broad end, but cylologica] details are still wanting, and the rest of the life- 
cycle is unknown. 

Cultivation,— tAiltures are obtained by adding tlie spk^en-juice to a sterile 
sodium citrate solution and incubating at 22'^ C., as done by Kogers, or tlie 
N.N.N. medium may be usc'd (p. 377). 

Inoculation. — MonkeA's, rats, ami le.s.' readily dogs can be iriftcti'd . 

Pathogenicity.-- /.cti'/nnrf nvVi doiovani is the cause of Indian leala-azar. 

Arc^hibald’s Variety of Leishmania donovani. 

Definition.— cm donova}}!, whicli does not ri'adily intccidogs experi- 
mentally, willi signs of a eoccal slagi' in its lif(‘-hislory. d'hcre is evidence 
that inlet'lion is by means of water. Habitat, Anglo-l'^gV]Afian Sudan. 

Remarks. — d his parasite has been invesfigaled by Bon sliedd , who report ed 
a.lso a nalinal ( anirn' infection flu'reAvilh (this, howevt'r, has not l)(*en c^)nflrmed 
by Archibald’s many inv'estigations), and also by Marshall, who infected 
monkc'ys au<l ])erform(‘d many carcdnl exjx'riments. Archibald’s rea.sons 
for believing that this ])arasite is a variidy of L. donovani arc: — 

1. Coccal llodirs. — ('cTtc'iin ccxcal bodies havx‘ b(‘eu noted by Archibald in 
li\xu- smears oblaiiied from a. case clinically simulating kala-azar. Material 
obtained by li\T*r ])uu( lure from this case jirodin c'd kala-azar when inoculated 
into a monkey, and Arcliiba.ld suggests the hyjiothesis that these coccal bodies 
represent a sfagt' in the lif(‘-history of the T.eislmian-Dono\"an ])arasile. 

2. ]^pidcniioU\v;y . — In lh(‘ Sudan tlu' evidence eollecttxl by Ardubald docs 
not suggc'st that, the disi'a.se is insecl-boriK'. 'i'his ol)S('rver yirodiiced tlu^ 
disease in monkeys by ( arrying out careful feeding ex])erimcnts, anti suggests 
tha t tlie discast' ma y be water-1 lorne, a ])oint which agrees with tlu'ohservAitions 
of Bousfield, I'homson, and Marshall, that Hit' disease, exists more commonly 
in villages situate near Avalt'r than in those* farther away. A large number of 
donu'slic animals have been examined by Archibald, and none have been 
foiiTid to a.ct as na tural hosts of the virus; even ex])eriinental ovident e shows 
that dogs are not readily susct“])lible to the vhrus — a fact Avhich tt'iids to 
ditft'rentia t(* tin* parasitt'sof Sudan ka,la.-aza.r from thos(*of the Mt'diterranean. 

Clinii ally tin* disease rescmblt's that met with in other eoun1ri(*s. As an aid 
to its diagnosis and as indieation tor splenic puncture* being e'a.rrie*el out, 
Arebibald re*cords the fa,( t that ))eripheral bloexl films from suspected eases 
shoAV ('vidc'Tiec of blood dest met ion. ]e‘U(;ot)enia , and im rease of large mono- 
nucle*ars and large- lyin])l)eje\'fes, te)gcthe*r with an absenee* of eosinoi)hilcs. 
llie (om])arali\e or lotal a.bse-nce- of <‘Osine:)pliile‘S are suggestive* e)f llie* 
disease; further, during the course e)f the dise-a.se an inerease* e)r diminution 
e)f the e-osino]diil('s in tlu- ]>eriph(*ral blood is some critermn as to whether 
reeeA\ e*ry fi'om kaka azar is likely to re'.sult. 

Leishmania infantum Nicollc, 1908. 

-Lei shynani a donovani Laveran and Mesnil, 1903, pro 

parte. 

History.— In 1904 Catlioirc obs(‘rv('.d peculiar t)odics in films 
from the spleen of a child wlio had died of an ill-defined malady in 
Goulette, in Tunisia, 'i'liese bodies Laveran recognized as T. 
donovani. In 1905 Pianese announced Ids discovery of f.eislimania. 
bodies in large mononuclear cells in the smears from the liver and 
spleen of children dying from a type of infantile splenic antemia, 
which he proposed to call infantile Leishmania anaemia in order to 
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distinguish it from other forms of infantile splenic an?Emia. In 1907 
Nicollc and Cassiito observed lh(‘ j)arasites in the spleen of a child 
in Tunisia suffering from irregular fever, splenomegaly, etc., and 
Nicolle named this disease infantile kala-azar, which^ is a most 
suitable name. After this it was described in Crete in 1907 hy 
Archer; in Sicily, Stromboli, and Calabria by Gabbi and Feletti, in 
1910 it was found in Malta by Critien, in Lisbon by Alvarcs, while 
Gabbi proved that tlu* disease ' ponos,' as seen in Spezzia, was the 
same disease; and (diristomanos, Aravandinos, and Michaelides 
found it in the (hecian islands and Greece itself. In igil Christo- 
monas found it in several places in Greece and Asia Minor, while 
Latinos found it in Corfu, Kefalinos in Paris, and it was found to be 


widely distributed in vSouthern Italy and Sicily; Martzinowsky has 
observed cases in Moscow, Tashim Ibrahim in Tripoli, Lemaire in 
Algiers, and Sluka and Zarfl in Tashkent in Turkestan. Marshall 
reports the disease among children of about twelve years of age in 
the Sennar i)rovince of the Sudan. 

^ It is thus seen that L. infantum is 

' mainly found around the Mediterranean 

basin, but may (extend to Moscow and 
' f Turkestan ; probably its g('Ographical 
n/ distributi(jn is but little known at 

Mudy of the life- hi story began 
V/' ' ' C’C ^ by the experiments of Nicolle, who in 

''y “• : ' ^ j()o8 successfully inoculated a dog in 

\ ' Tunis intrahepatically and intraperi- 

, loiK'ally with splenic blood from a case 

of infantile kala-azar; monkeys were 
I'Ki. Lcishniauialuifini- also inoGula.ted successfull^x 
ium Nkolmc, from , , ti/t t 

Livkk of a Doci FXFI.KI ^ ' Maiiceaux, C omte, Laveran, 

MFNTAFi.Y infkctji:d. IV'ttit. Jeiuma, Di (Aistina. Canna.ta, 

(From a i7iicrophologra])h Alvai(_;s, da Silva, Pulviieiiti, and 
hy Basil 0.) roiuasi'lli, successfully inoculated dogs, 

monk(‘ys, and guinea-pigs, and Volpino 
])roduc(‘d a juirrly local lesion somewhat analogous to Oriental 
sore l>y inoculating tlu' cornea of a rabbit from an infected dog. 

In i()()8 NicolU' and ('omP' rc'coixh'd the discovery of spontaneous 
kala-azar in dogs in Tunis, and (Aamtually^ found i-8 per c(‘nt. to 
be injected in tlu' s])iing. l)Ut this percentage was raised by the 


Sy. Li’lshnidnia [infau- 
ium NieoLFic, from 
Livr:i< OF a Doci .iixmao 

M F N T A F 1 X’ I N JOt C T J • D . 

(From a i7iiero]7hologra])h 
i>V Basilo.) 


Sc'rgents to 7-2 ])('r cent, in tin' summer in Algiers, and Sevenet has 
(ound that in Algiers i*b ])(a' cent, show infection in the spring and 
8*8 per cent, in the summer. Jkisile, in an endemic region, Bordo- 
naro, mair Messina, found twenty-seven infected dogs out of thirty- 
three examined by trephining the Inaid of the femur and making 
smears of tlu‘ bone-marrow; and lie obtained also a very important 
fact when he found infected dogs in every house where kala-azar 
had been found by Gabbi ; and still more interesting is the observa- 
tion that infected dogs were found in houses without cases of kala- 
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azar, but subsequently a case has already occurred in one of tliese 
houses. Canine kala-azar has also been found in Catania, slightly 
in Rome, in 6*69 per cent, of dogs in Greece by Cardamatis, in 2-66 
per cent, in Lisbon, also in Malta by Critien and Babington, and in 
a few dogs in Colombo by Castellani in 1911. It must be noted, 
however, that Colombo, being one of the greatest harbours of the 
world, some of the dogs found are in reality imported dogs. Negative 
results are reported by Donovan in Madras in 1,150 dogs, by 
Fiilleborn in Hamburg in 50 dogs, by Wenyon in Bagdad in no dogs, 
by Jemma, Cristina, and Cannata in Palermo in 127 dogs, and by 
Archibald in the Sudan, For a long time cats were examined with 
negative results, but recently Ed. and Et. Sergent, Lombard, and 
Quillchini, have found a four-month-old kitten to be infected in 
Algeria. It will thus be seen that of all the endemic centres of 
infantile kala-azar, Palermo alone affords no evidence of natural 
canine kala-azar. 

As the result of his work Basile, supporting Nicolle, has come to 
the conclusion that infantile and canine kala-azar are one and the 
same disease. He reared a number of dogs in the laboratory in 
Rome (where canine kala-azar is rare), and some of these he took to 
Bordonaro, where they contracted canine kala-azar and died. 
The parasites were found in the bone-marrow, spleen, and liver 
(Fig. 87), and also in Pulex serraticeps, taken from them during 
the last stages of the disease. The dogs in Rome were sub- 
sequently killed, and found to be free from L. infantum. P. 
serraticeps from a laboratory dog whose bone-marrow contained no 
Leishmania were isolated and kept at 22° C. in two glass vessels, 
and eventually one lot was fed on spleen-juice from a case of canine 
kala-azar, while the others were kept as controls. After a time the 
intestines of the fleas were dissected out and divided into two 
portions — one was used for smears, and the other was made into 
an emulsion and injected subcutaneously into a young dog one 
montli old, the bone-marrow of which had been shown to be free 
from Leishmania, while another dog was used as a control. 

The smears from the infected fleas showed numerous specimens 
of Leishmania in a state of multiplication, while the control fleas 
were free. After fifteen days the dog became ill with fever and 
loss of appetite and dejection, and showed the parasites in the peri- 
pheral blood. In twenty-nine days the dog died, probably as a 
result of an operation to obtain bone-marrow from the tibia. 
Natural infection by flea-bites was effected by introducing a sick 
dog covered with fleas into a cage containing a bitch and two thirty - 
day-old puppies, wliose bone-marrow had been found free from 
infection. In thirty days these dogs were found to be infected, 
and subsequently the pupi)ics died, but the other dogs lived. 
Controls were not infected. Basile found P. serraticeps in the bed- 
clothes and mattresses of families who kept dogs in the house, and 
some of these fleas were brought to Rome from dogs or rnattresses 
of people living in Bordonaro, and were fed upon laboratory-reared 
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marrow-examined, clean dogs, whose penpheral blood and livej 
also been examined forparasitcswitli negative result. The dogs be 
came ill and dii'd, an<l tlie parasites were found m the bone-marrow, 
liver, and spleen. Control dogs were then killed and found healthy. 

Rasile oonchules that P. srrraHccps is the carrier of the disease. 
In Bordonaro lie i xainined i.ooo fleas from dogs and the be^ of 
families, but found only lour infected with Leishmania. With 
regard U>P. irritans. Basile finds that it is frequently a parasite of 
th(^ doe, and that among specimens caiiglit m the bed of a child 
suffering from kala-azar one was found to contain Leishmania. 
From (‘Af K'rimmts ]i(‘ belicvt's that fleas art* infective from December 
to Maicli. Tliore is one curious point noted, that Leishmania was 
huind in splf'en, liver, and boiK'-marrow only a few days before 
df'atli, thoueh tlie flf^as had l)itten the dogs three months earlier. 


With I'c^ai 'l to 1h(‘ to ibis work, Gabbi has pointed out 

1. ('aniia' and luiman lleas ])]a,eed in contact with pure cultures of 

I.eisliinania on Nicol]c\s blood-ai^ar show blood in the gut, but 
no J.cish mania. 

2. Leishmania in culture with intestinal bacteria from the flea or in 

( uhure with the juice from the same do not develop. 

3- Starving lleas ])la('ed in contact with sjileen-juiee obtained by puncture 
from a child with kala-azar do not become infected with Leishmania. 
i\ 1 a.zot:ehi in Pifnlmont finds that the fleas of dogs possess ftagcllafe bodies 
of a erithidia-like nafure, disfinef from Itasile’s deseriplion of the Leishmania 
bodies found bv him. 

Alva, res and ' Pereira da. Silva’s experimenfs with Ctcnocephalns scrraticeps 
support Lasile, and they believe the infection to be eonlaimnativc via the 
tiecf's. 

Tb(“ main ol/jeclion to Lasile’s experiments is tliat they we re ( onducted in 
honu', in wliich plac'c dogs mav acejuire natural canine kala-azar; secondly, 
the (]Uc.slion lias to be .solved as lo wliether the bodies seen in the (lea are or are 
not la ishmania, and li not, whether they are some parasite naturally occurring 
in Ihe Ilea. 

I tasile dc-scribes tlu' forms lonnd in the Ilea, as tollows: — 

In tlu'mid-gul 1 .cishmania-like lormsasoval, rounded, or pyrilorm bodies, 
2 lo 3 // in leiiglli, witli an ex('entricall\ -])la.eed tropbonueU us, .ind generally 
a kinetomu lens, l.arge lorms, 4 lo U jii ]>>' 2 to 3-3 'dso seen, and more 

jiosl ei iorlv -in rilorm bodies, (> lo S /c by 1-3 to 2*3 //, which la.tt cr ar(‘ prrivided 
witli (lai^tlla nu'asnring a]K)iit 3 p in length.’ 

Lasile com huh s that tlicut' is a t ycle of development with ])reilagellate, 
(lagellaU*, and posLllagclla tc lorms. Liit a number of lleas hrivt' been found 
to ])o.s.ses.s na lural ])a rasi les l>elonging to thegfuiera } 1 crprtomuinis and ( vithidia, 
and iMiss Torler has dt'liniteh- ^iroved that Crithidia pulicis is a, true jiarasitc 
ot I\ iryitans. I he list ol known tlea jiarasites is: — 

Critjiid'ia pulicis Wen yon, 1908, in Xcuopsylla clappatrcB. 

i'ritiiidia ctcuophthaiini Patton and Strickland. 1908, in Ptcnophthalmus 
cryvrtcs. 

i'rithidia hystric iKipsylUp 'Muc'kinuon, uyig, in ITystviohopsylla taipa\ 

Critjiidiu pulicis Porter, 191 1, in Fulex irriians. 

llcrpciumouas ctcuophthuimi Mackinnon. 1909, in Ptcnophthalmus esgyrtes. 


There are also a number of unnamed tlagellates recorded— c.^,, a species of 
Herpetomonas by Balloiir in 1906 in Lcemopsylla cleopatrcB, which may be 
the same as Wenyon’s Crithidia. It does not appear certain that Miss Porter's 
Crithidia and Wenyon's Crithidia are the same, and if they are not, then Miss 
Porter’s Crithidia must be given a different name. 



LEISHMANIA TNFANTUM 


^77 


The identity of infantile kala-azar and canine kala-azar is supported also 
by BanJi's experiments on agglutination. Animals inoculated by him with 
cultures of L. infantum developed agglutinins for this species, and nearly 
in the same amount also for the Leishniania isolated from dogs, and vice versd. 

Franchini states that Anopheles macuiipennis can be infected with cultural 
forms of Leishmania. (ialdu inculpated at one time Aluscz doniestica as a 
carrier. 

Morphology. — L. infantum so closely resembles L. donovani as 
to be indistinguishable morphologically. 

Life-History. — -It exists in the peripheral blood, bone-marrow, 
spleen, and liver in children, and stispicion is aroused that it may be 
spread by fleas, and that aflagellate ind flagellate organisms seen in 
these parasites may Le stages in tlie life-cycle. 

Culture. — It is easily cultivated upon the Nicolle, Nov'y, MacNeal 
(or N.N.N.) medium, as was first shown by Nicolle. I'he organisms 
develop in the condensation liquid and on the moist surface of the 
agar. It can be subcultured ind(‘ftnitely. No distinct differences 
can be discerned between the thre(‘ species of lau'slimania in culture. 
LAnfanium can to a certain extent be distinguished from L. donovani 
by the fact that the latter is less easily inoculable with success 
into dogs. 

Pathogenicity.- -It is the cause of infantih' kala-azar, and at one 
time was considered to be the cause of canine kala-azar, which wc 
will now describe. 

Canine Kala-Azar. — ^I'here are two types of canine kala-azar- -an 
acute and a chronic. 

Acute canine kala-azar, usually appears in young dogs, when it is 
associated with fever (39'' to 40" C.) of a nunittimt type, followed by 
loss of appetite, wasting, tremors, motor disturbance in the hind- 
limbs, and rarely diarrhrea. The animal Anally di('s in a comatose 
condition at tlie end of three to live months. 

(dironic canine kala-azar Ixagins without any apparent symptoms, 
exccq^t, pc'i'haps, loss in weight, but as it progn^sses aiijemia. sets in, 
and tremors, together with motor distur])anc(‘S of the hind-limbs, 
may be noticed. It is thendore milder than the preceding, is very 
chronic, and associatcal with consicha'able enlargement of the spleen. 
Tli(‘ inoculat(‘d dogs liav(' S(‘V(‘raI tinu'S b(‘en n4)orted to exhibit 
symptoms resembling dumb rabies. Post-mortem examination 
exhibits that tlie sfileen lias a thickened capsuhg with hypertrojihy 
of the lymphoid ehanents; tlu* t'])itluflium of the blood-lacunae are 
much hypertrophii'd, and full of parasites. The liver cells show 
fatty degeneration ; parasites are found in the liviu' cells and in tlu' 
endothelium of the lymphatics. The interstitial tissiu' of the kidney 
is increased, and parasites occur in the endotlielial cells. Parasites 
may be found in the round-celled infiltration undiT the capsule of 
the kidney. The suprarenal bodies show cloudy swelling of the 
cortical cells, infarcts in the medulla, and vacuolation of the cells, 
which may be invaded in patches by the parasites. The pancreas 
showed a hypertrophy of the connective tissue, with the presence 
of the parasites in the endothelium of the lymphatics. The bone- 
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marrow showed large numbers of mononuclear cells with parasites. 
The heart muscle showed cloudy swelling. No parasites are found 
in the lungs. 

There is a growing suspicion that this is quite distinct from any human 
disease, because — 

1. Canine Ceishmaninsis exists in ])laccs like Mai seilles, where there is no 

Mediterranean kala-azar, and this disease exists in Palermo, where 
( aninc'Leislimaniasis. according to Caronia and di Giorgio, is absent. 

2. Spagnolio says that in Bordonaro, in igic),Basile found Canine Leish- 

maniasis in 70 per cent, of dogs examined. From 1910 onwards 
a nnmlier of dogs were destroyed, and in 1914 a very large number 
were killed because of threatened rabies. In 1915 some seventeen 
dogs were examined for Leishmania and found negative, and yet 
the human endemic disease had not diminished. 

It is known to occur in Africa, Europe, and Asia, but not in America or 
Oceania . 

The formation of a local sore on the cornea of a rabbit must be 
remembered as indicating the possibility of a local disease like that 
caused by L. tropica. 

Leishmania tropica Wright, 1903. 

Synonyms.' — Helcosonia Wright, 1903; Criihidia cunning- 

hami Carter, 1909; Sporozoon furunculosum Firth, 1891. 

History. — This parasite was described by Wright in a case of 
Oriental sore, and later Martinowski and Bognoff found the same 
parasites in Bouton d’Alep. It is believed by some that this para- 
site was first describc'd by Cunningham in 1885, and more completely 
studied by Idrtli, who called it Sporozoon furunculosum Firth, 1891; 
if this is so, tlu^ correct name of the parasite should be L. Jnrun- 
cidosa Firth, 1891. 

It was specially investigated in 1905 by James in Delhi sore, 
l.ahore sore, and Frontier sore. NicoHe has obtained cultures of 
the parasite on the McNeal-Novy medium, and Carter describes 
sexual forms. Carter, Balfour, and Nattan-Larrier believe, in our 
opinion correctly, that there are several varieties or species included 
under the term L. tropica ; thus Carter maintains that the Cambay 
sore is different from the ‘clou de Gafsa ’ of Africa. Werner, 
Carini, and Splendore have shown that the sore may spread to or 
begin on mucous membranes. 

Distribution. — It is found principally in Asia, in India, China, 
Asia Minor, Persia, etc., but also occurs in Africa, Algeria. Tunisia, 
on the Niger and in the Egyptian Sudan, in Mexico, Panama, and 
South America. 

Morphology. — It differs in no morphological respect from Leish- 
mania donovani in the human body, though certain minor differences 
have been described in the flagellate forms in cultures. 

Cultivation.- Tn 1908 Nicolle first cultivated the parasite on blood- 
agarandon the modified Nicolle, Novy, McNeal medium often called 
‘ N.N.N.' It grew slowly both in the liquor of condensation and 
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on the agar at 20° to 22° C., producing flagellate and division forms 
on the fourth day, which increased in numbers by the eighth to tenth 
day, when rosettes appeared and increased in such numbers that the 
masses were visible to the naked eye. After this a tendency to 
agglutination develops and increases until after one or two months 
the parasites die. The typical flagellate of these cultures is herpe- 
tomad-like, measuring with the flagellum 40 to 45 with a breadth of 
2 to 4 but the flagellum alone measures 16 to 20 //. There is no 
undulating membrane, but a trophonucleus and kinetonucleus can 
be seen. Three types of flagellates can be seen in cultures — viz., 
one almost spherical, a second short and stumpy, and a third long 
and narrow. Subcultures are best made from the tenth to the 
fifteenth day, and these can be repeated apparently indefinitely. 
Forty-five generations have been recorded during aperiod of eighteen 
months. 

It is usual to state that there are no differences between the 
cultural forms of L. tropica and L. donovani, but Row considers 
that there are several points of difference — viz., that the flagellate 
forms of L. tropica are longer and larger, that the flagellum is 
longer, while the growth is quicker and may take" pi ace at higher 
temperatures than in L. donovani. 

Inoculation. — Martzinowsky, Wenyon, and Patton have success* 
fully inoculated themselves, and other people have also been suc- 
Ge.ssfully inoculated from cases of Oriental sore. The incubation 
period varies from sixteen days to six and a half months, and the 
papule is generally ushered in with febrile symptoms lasting several 
days. The inoculated sore begins as a papule, and becomes a 
nodule; when excised and examined it presents the typical ap- 
pearances of Oriental sore, and contains L. tropica. 

Successful inoculations are recorded from man to monkeys and 
dogs, from monkeys to man. other monkeys and dogs, from dogs 
to dogs, and from cultures to man, monkeys, and dogs. 

Immunity. — Infi'ction confers immunity if the cure is complete, 
and if a sufficient interval has elapsed between the cure and the 
reinfection; if not, a condition of hypersensibility is produced, as 
demonstrated by a shortened incubation period. Kala-azar infec- 
tion in dogs affords immunity against L. tropica during and after the 
attack; Oriental sore protects monkeys partially or completely 
against L. 

Insect Carriers. — No insect at present has been demonstrated to 
be the true host of L. tropica. Musca domestica may possibly be a 
carrier because the parasites can retain their vitality therein, and 
may be transferred to any raw surface, and thus induce infection; 
but it is not a true host, though Row has found tlu' contents of the 
gut to be infective, and believes that infection can be spread by its 
faeces. There can be no doubt that a natural culture producing 
flagellates and, according to Patton, even post-flagellate forms, can 
take place in the bed-bug Clinocoris rotundatus, but all attempts at 
transmission have failed, and the same condition of affairs holds 
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good for Stegomyia fasciaf a. Plilrbotomus is suspected, but there 
is no experimental evkhmcc. Flu suspects ticks as being the 
possible carriers in Dutch (iuiana. Pediciili have no supporters, 
and Slomoxys is not icganled as a likely carrier. As Patton has 
recorded the ])r<‘S('Tu:e of A. iropica in the peripheral blood, it might 
not be iK'cessary fora Idood-suckau' to ingest juices from the local sore. 

Pathogenicity. It is tlu^ cause of spccihc sores found in the skin 
and on mucous im lubraiu's in Asia. Africa, and America, and which 
are commonly known as Oricaital sore, ])ut wliich also have a large 
niimb(o- of local names, such as pian-bois, espundia, Delhi sore, 
Bagdad button, clou de Gafsa, ulcer of Bauru, etc. 

Lavt;ra,n and Natlan-T.arricr have created the variety amcyicana (L. tropica 
Wriglit \’iir. anicricana Laveran and Nattan-Larrica) for the Leishmania found 
in Lspimdia, ( liarat lenzed by a llattened niidens. Vianna lias created a new 
species, L. hrazilictisis, ior a Leishmania. observanl by him in cases of ulcer but 
Marchoiix doubts whetlier this new species is jnsliiiable, as it lias no distinc- 
live charai Icrs. 


SUBhAMllA 1K^ BAN()S()MTNd> Castellani and Chalmers, 

1919. 

Definition, rryjianosomida' in which tlu^ kinetonucleus is 
situad‘ in certain stages of the life-cycle betweeu the tro]>lioiniclcus 
end tluAdlagellorexIremityoftliobody. A well-deyeloped undulat- 
ing nb'inlirane is pr('S(‘nt. 

Type Genus,- -'rrvpaiiosojfia (iruliv, 184 5, cmcndavil J.averan and 
Mesiul, 1901. 

Classification. A brief history of the discovery of the more 
im])ort;nit siK'cics of this family lias been givi n in Chapter I. The 
gi'Uera wliiidi IiaV'- bc'en described arcA- - 


Trypanosoma (iniby. 184 emendavii Lave.ran and Mesnil, 1901. 
I rypamoplasnia kaverau and Mesnil. i()0i, ainoidavit 1901 
I'rypanophis Ki Nsselitz, i()04. ' 

lindotrypanitm Mi'snil and Ifrimont, j(io8. 

Sclnzofyypanii))! Chagas. !()()(). 
l\JiyncJioido}}}onas Patton, up 2. 

Hut I rypauopnsuia and '] ry))anoi)liis hcldny' to the Hodonida* 
and^ not to the 1 ry])anosomi(l;e (vide j). 337). 

l‘-nd(Uyi)aiuuu would apjK-ar to he an iuunaturc trvi)anos()UK' 
without an mu lulatiuK mond.iauu, and parasiti, in red' eorimsdes’. 
n r()U5 Nissle drew attention to tlie occasional invasion of nal cells 
by trypanosomes, and m 1004 Moore found ])c,y-sliai,ed bodies in 
the led blood-corpuscles of cattle suffering from trypanosomiasis in 
.Southern Nigeria. m 

With regard to Schi/.olrypannm, it was at first classified as a 
trypanosome, but when its peculiar schizogony became known" it 
was thought necessary to separate it therefrom under a senarate 
generic name, and to this we now adhere. ' ^ 

The subfamily therefore contains the genus Trypanosoma, of 
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which we shall presently suggest a classification {vide p. 395), 
ajid the genera Endotrypanum, Schizotrypanum, and Rhynchoido- 
monas. 

Trypanosoma Gmby, 1843. 

^ Synonyms.— /I Mayer, 1843; Paranurcium Mayer, 1843; 

Glohiilayia Wedl, 1850; Unditlina Lankester, 1871; Herpeionio^ias 
Kent, 1878; Hannatomonas Mitroplian. 1883; Trypanosomonaa 
Daiiilewsky, 1885; Tyypanozo6}i\A\v]\v, ipoG. 

Definition. — Trypanosomina*, willi tlie peri})last raised into a 
longitudinal undulating nieinbranc, along which the single flagellum 
runs. 

Historical.-— liistory of the genus has been largely detailed 
in Chapter 1., and W(‘ need only remind the reade r it commenced 
by Valentin, in 1841, reporting minute bodies in tlie blood of 
Salmofario Linmeus, tlu- brown trout, which induced Gluge to bring 
forwa,rd his discovery ol Tyypanosoma sanguinis in frog’s blood, 
while (iros, in 1845, found them inmice and moJes. laiter, in 1850, 
Wedl found tlu* same parasites in the blood of birds and mammals, 
while Chaiissat in the same year and Lewis in 1879 h>^^nd them in 
rats, and Danilewsky studied their structure and started interest in 
them. 

Morphology. — The usual form in which trypanosomes are found 
in vertebrate blood is that of an elongated, spindle-shaped mass of 
cytoplasm composted of an iniK'r granular (‘ndoplasm, and surrounded 
by ectoplasm (perij)last). The shape of the parasite is, howc'Ver, 
by no means always a sihndle, but, on the contrary, varies con- 
siderably in different species, and may ('V< n l)e rounded. 

In the (uidoplasm is situated a trophonucleus, often called the 
' nucleus,’ concerning the structure of which there is considerable 
difference of opinion. Some authorities- -c.g., Prowazek, etc. — 
with regard to the nucleus of 1\ Icwisi and T. byucei, and Miss 
Robertson, with rc'gard to 7 '. yaia\ say that tln‘ nucleus is complex 
and resembles the description already given for that of Hermopyoiens 
noctucr, that of T. Icimsi having eight chromosomes and a centrosome 
conn(’.cted by a strand. 

Other autliorities, like Ross and Mooia;, Brt'inl and Hindle, con- 
sider that observers have been hal astray by using dried films; for, 
according to them, though jiretty pictures of the parasite are pro- 
duced by this method, still, such delicate structures as the details 
of the nucleus are ruined; and therefore, in order to study these 
bodies accurately, the films must be fixed while wet in such a reagent 
as Fleming’s fluid, and suitably stained. If this is done properly, 
according to them, it is se(‘n tliat the nucleus is a vesich' bounded by 
a nuclear membrane, and liaving in its ctaitri' oiu' small chromatin 
sphere, called by some the intranuclear centrosome. 

Situated somewhere in the cytoplasm, and gnuierally near the 
aflagellar extremity, is another mass of chromatin, the kinetonucleus. 
From this kinetonucleus a faint strand — the rhizoplast — proceeds, 
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which ends in a little bead — the blepharoplast- from which the 
flagellum, which is also composed of chromatin, arises. A more 
primitive arrangement is for the kincdonucleus to contain the blepha- 
roplast, whicli is really only a centrosome. Under these circum- 
stances the flagellum will arise from the kinetoniicleus. When the 
blepharophist is separate from the kinetonuclcus it is a moot point 
as to whetheu- there is or there is not another centrosome in that 
nucleus- 

The ilagellum runs outwards through the endoplasm to the ecto- 
plasm, which it raises into a membrane, the undulating membrane, 
and turns, and runs along the remaining length of the cytoplasm, in 
which it may end, or it may project as a free lash beyond the cyto- 
plasm. In this course it presents three portions: (i) The root in 
the endoplasm; (2) the undulating portion in the ectoplasm, and 
(3) the free portion. In some stages of the life-history the flagellum, 
instead of turning along the undulating membrane, projects from 
its blepharoplast through the endo- and ecto-plasm to the outsid(^ 
of the parasite. 



Fic. 88 . — Diagram showing the Structure and Polarity of a 
Trypanosome. 


The undulatiiig membrane, therefore, is the layer of ectoplasm 
(periplast) raised from the surface of the parasite by the second 
portion of the flagellum along a line sometimes called dorsal, and 
may be prolonged a certain distance along what is generally con- 
sidered to be its free portion. The membrane is variously described 
as being homogeneous or strengthened by myonemes as in Hcemo- 
'proteus nocttice. 

Besides these structures the endoplasm often contains a vacuole, 
looked upon by some observers as a contractile vacuole, while others 
deny its existence. There is no doubt about its existence in Try- 
panosoma casidlanii. Chromatoid granules can also be seen in 
the cytoplasm. 

Before leaving this part of the subject it must be noted that 
many authors have given various names to the trophonucleus, 
kinetonucleus, centrosome, and blepharoplast. We use the terms 
in the same sense in which they have been used by Minchin and 
Woodcock — viz., the i>rinGipal nucleus is a trophonucleus, because 
it is believed to be largely concerned in nutrition; it contains an 
aciiromatic body, which is the centrosome. The smaller nucleus 
is a kinetonucleus, because it is mainly concerned in motion; while 
the little bead connected with the flagellum is looked upon as a 
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blepharoplast, because it is an achromatic body connected with a 
cilium or a flagellum. 

We now come to a point on which there is a great difference of 
opinion — viz., the polarity of the parasite. There can be no doubt, 
in our opinion, that, as a rule, the anterior end of a parasite should be 
the non-flagella te end, as first suggested by Sambon, because, in 
wending its way through the blood, that end goes first, and the 
undulating membrane and flagellum follow, and blood being the 
natural habitat of the parasite, this method of propulsion must be 
considered to be normal. Moreover, morphologists (Woodcock) 
support this view. There is, however, no doubt that, at times, the 
flagellate end can be In front. 

Movement is largely caused by the undulating membrane, while 
the flagellum assists; but creeping or gregarinoid movennmts have 
been noted by Leger, and zigzag movements by Gray and Tulloch, 
and in both of these the non-flagellate ends go first. In this work 
anterior, therefore, means the non-flagellate end of the trypanosome 
and posterior the flagellate end. 

The anterior end is very variable, and may be even amoeboid, 
while the posterior end is generally tapering, because the cytoplasm 
extends some way along the flagellum . 

It has already been noted that the body of the parasite is slightly 
compressed laterally, and the edge with the undulating membrane 
is considered to be dorsal. In some species a supporting structure 
somewhat of the nature of an axostyle has been described. 

The measurements of the parasite are from the non-flagellate 
extremity to the kinetoniiclcus, from that to the anterior end of 
the trophonucleus, from that to the posterior end of the tropho- 
nucleus, from that to the tip of the flagellum, the sum of these 
giving the length; while the width is taken in the region of the 
trophonucleus. 

Stephens’ method ol measurement is, after outlining the parasite, to draw 
a straight line on a piece of transparent paper, and to mark one end, which is 
made to coincide with one extremity of the outlined trypanosome and then 
transfixed by a vertical needle. The transparent paper is now rotated so that 
the line runs in the long axis of the parasite. Where it deviates another pin is 
inserted and the first removed. The transparent paper is again rotated to 
take in another portion of the axis of the parasite, and this is repeated, until 
all the deviations of the parasite have been followed and the distal extremity 
reached. 

The results of careful measurements have been to show that some trypano- 
somes are polymorphic and others are not. 

Food is absorbed by osmosis from the liquid in which the parasite 
is living. 

Life-History. — The life-history of a trypanosome is not as yet 
fully known, but it is recognized that it has an alternation of genera- 
tions associated with an alteration of hosts, one generation being 
usually completed in the blood of a vertebrate, and the other in the 
alimentary canal and its appendages of some blood-sucking in- 
vertebrate. 
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In the Vertebrate.— li an uninfected or clean non-immune is in- 
fected by the bites of infective invertebrates, at first no parasites 
are to be found in the peripheral blood, and some days must elapse 
before they appear. This interval is the incubation period. What 
takes place during tliis period is but little known, the only observa- 
tions being those by Fantham, who saw a few rounded forms fifteen 



Fig. 89. — Diagram of the Life-Cycle of Trypanosoma lewisi Saville Kent, 
1880, IN THE Body of the Rat. 


I, TrypiiiKhsonm lewisi; 2-10, stages in rosette formation; 11-13, develop 
ment of a small flagellate form into a trypeinosome; 14, binary fission, 
(Constructed from drawings by Moore, Brt‘inl, and Kindle in the Annals oj 
Tropical IMcdiciiic and Parasitology .) 


to ei|glitct'n liours after inoculating T. caslellanii and T, rhodesiense 
into rats ; and those by Franca, who reports the presence of similar 
forms at a later stage of incubation. These arc probably multiplica- 
tion forms, which are the parent forms of the trypanosomes presently 
to be seen in increasing numbers in the blood. 
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When, the parasites are present in the peripheral blood, they 
usually show a marked pleomorphism. Thus, in T, castellanii Miss 
Robertson finds short forms 14 to 20 /x in length, medium forms 
20 to 24 in length, and long forms 23 to 33 /x in length. Until 
recently it was usual to consider these variations as being probably 
indicative of sexual differentiation, but she concludes that this is not 
so, but that they are variations due to different stages of growth 
and subsequent division. The multiplication of the trypanosome 
in the blood is usually by longitudinal fission, but it may also take 
place by schizogony, with or without entering an endothelial or 
other cell. The number of trypanosomes in the blood varies con- 
siderably from tir^e to time apparently in more or less regular 
cycles, and their disappearance appears to be associated with the 
encystment in the lungs, spleen, bone-marrow, etc., in the form of 
the latent bodies described by Breinl, Fantham, and others. During 
their life in the vertebrate it was, at one time, thought that they 
could propagate their species — ^in part, at all events— by granules, 
which are comparable to the ' infective granule ’ described by 
Balfour for spirochaetes, because Fry demonstrated that T. hrucei 
could throw off granules, and his observations had been confirmed 
by Ranken. This granule-shedding was described as taking place 
in the liver, spleen, lungs, and lymphatic glands. At first the 
granule was simply a free pyrifonn body, but later it developed a 
tiagellum and became actively motile. Its further history was, how- 
ever, untraced in trypanosomes. 

There can be no doubt that there is a reaction on tlie part of the 
cells of the vertebrate against the trypanosomes with the formation 
of antibodies in the form of trypanolysins, etc., but more will be 
said on this subject later. 

Binary Fission.- -A binary fission takes place with or without 
growth. Tliis is brought about by amitotic division of tlie kine- 
tonucleus and trophonuch'us, followed by the formation of a 
new flagellum in the daughter parasite and the][di vision* of the 
cytoplasm. 

The details of the division are as follows : — 

1. The kinetonucleus swells up and forms a vesicle through which 
the chromatin is evenly distributed. 

2. The chromatin forms a band across the middle of the vesicle. 

3. The band elongates and divides into two portions. 

4. The two portions move apart, ah trace of the vesicle disappears, 
and the two new kinetonuclei arc formed. 

5. The blepharoplast divides at the same time as the kineto- 
nucleus. 

6. Either the old flagellum divides or a new flagellum develops 
from one of the new blepharoplasts. The process varies in different 
species. 

7. The central karyosome of the trophonucleus either divides 
and the two portions move to opposite poles of the nucleus, but are 
connected by a fine line, or the chromatin forms an equatorial plate, 

25 
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which divides transversely, and each half goes to an opposite pole, 
OT the chromatin gathers around opposite poles. 

8. The connecting line disappears and two new trophonuclei are 

formed. . x 

Rosette Formation.— Ihe medium-sized parasite, according to 
Moore, Breinl, tand Pfindlc, grows into large forms, which pass through 
the following development : — 

1. The trophonucleus undergoes reduction by amitosis, the re- 
duction body disappearing. 

2. The kiiKdonucleus gives off a body, which travels — increasing 
in size as it ])roce(ids — to the trophonucleus, with which it perhaps 
fuses, but this is not definitely known. 

In 7\ cast ell anii a strand forms between the kineto- and tropho- 
nuclei, instead of this travelling body, which is seen in T. lewisi 
and T. eqmperdnm. 



Fig. yo . — Crithidia nuiophagia Flu. 

(After Flu.) 

I, Microgamete; 2, macrogamete; 3. zygosis; 4, ookinete and degenerating 
microgametc; 5-8, ookinete in the edimentary canal and ovary. 

3. The tropho- and kineto-nuclei divide to form fusion masses con- 
sisting of two, four, seven, or more small parasites, which at first 
possess only the old flagellum, but in which later new flagella form 
(the rosette formation). This stage is not definitely known in 
T, castellanii, 

4. The small parasites, which must be looked upon as representing 
latent phases, separate from the fusion mass. These small parasites 
grow into medium-sized parasites, thus completing the cycle. 

All observers arc agreed as to the rosette formation, and with 
regard to the process from the kinetonucleus, this was first pointed 
out by Miss Robertson, whose work is therefore conhrmed. The 
band is said to be composed of volutine. As to the latent phases, 
we believe that they arc the same as the peculiar aflagellate round 
and oval forms described several years ago by Castellan i, in the 
cerebro-spinal fluid of sleeping-sickness patients, and which he com- 
pared to the amoeboid forms found by Plimmer in the brains of 
animals infected with nagana. 
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The development of Schizotrypanum differs in many points from 
this description, for the trypanosome enters an endothelial cell in 
the lung, or a cardiac muscle fibre, or a neuroglia cell of the central 
nervous system, or a striped muscular fibre. In these situations it 
becomes simply a rounded body, which possesses trophonucleus and 
kinetonucleus, but has lost its ilagcllum and undulating membrane. 
This body undergoes repeated divisions, and each division eventua- 
ally becomes a trypanosome. 

In the Invertebrate Host, — •Theoretically, it would be expected 
that sexual forms, male and femah'. would be found in the blood of 
the vertebrate, and that these, taken into the alimentary canal of the 
blood-sucker, would conjugate and produce ookinetes, and perhaps 
oocysts, from wuich forms would be produced which might infect 
the proboscis of the same individual, or, b}^ entering into the eggs, 
infect a new generation, which alone might be the means of dissemi- 
nation of the parasite. But these theoretical views have so far not 
been confmned by actual observations, which must now be discussed 
seriatim . 

So-called Sexual Forms. — According to Prowazek, T. lewisi can 
be differentiated into three forms— (i) male, (2) female, (3) in- 
different; and, according to Prowaz(dv, Liihe, Nocht, and Mayer, 
the same can be seen in 7 '. castellanii ;but according to Holmes, only 
males, females, and young females can be seen in T. evansi. 

Male Forms.- 'These arci defined to be very slender trypanosomes, 
actively motile, with an elongated nucleus, which stains well. 

Female 7 ^or/n.s.“ -Broad, sluggish trypanosomes, with reticulated 
protoplasm and a round nucleus, both of which stain poorly. They 
possess a slender, undulating membrane and a sliort flagellum. 

Indifferent F arms . — These arc the forms most commonly met with, 
possessing granular cytoplasm and a not very well-defined nucleus. 

It must be admitted that between these there are all stages of 
intermediary forms, so that they are not sharply defined; and some 
of these may be simply the ordinary trypanosome in various stages 
of growth and division, as described above. 

Miss Robertson has probably arrived at the truth when she says 
that the short forms (13-20 microns) of T . castellanii , the so-called 
female forms, are really the adults, which by growth become the 
indifferent forms which are merely steps in the formation of the 
slender forms, so-called male forms, which arc the dividing stage 
of this trypanosome. 

Chagas has shown that Schizotrypanum cruzi in the lungs may 
lose its flagellum and become curved into an arc, the extremities 
of which fuse, forming at first a ring, which subsequently becomes 
a sphere, with a trophonucleus and a kinetonucleus, the latter of 
which is expelled in female forms, while it is retained in male forms. 
In this manner tlie macrogametocytes and the microgametocytes 
arise. Each of these divides into eight macrogametes, which are 
uninuclear, and eight microgametes, which have a trophonucleus 
and kinetonucleus united by a filament. These gametes escape from 
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the cyst which is formed by the periplast of the original trypanosome, 
and enter red blood-cells, in which they develop into 
entiated trypanosomcs- i.c., females with one and males w 
nuclei. These arc the fomis whicli infect thcLamtis, or invertebrate 
host, and do not multiply in the vertebrate bost. x u x • 

Method of Transmission.— The blood of the infected vertebrate is 
not always infective for tlu' invertt bratehost. Thus Miss Robertson 
has shown, with regard to 1 . custcllafii'i , that the tsetse-fly cannot 
be infected by feeding; just before an outburst of multiplication in 
the vertebrate host, or during the period of destruction which 
precedes a paucity period, or at the summit of an exalted period, 
or during certain periods of rayiid multiplication, when the absolute 
and relative numbers of the short forms mentioned above are 
diminished. 

Immediately after infection the invertebrate host can mechanic 
cally convey the infection to a clemi host, and this power persists 
for about twenty-four hours, after which the invertebrate host 
becomes non-infectivc, and remains so for a varying period, which 
was found by Kleinc not to be less than eighteen days as regards 
Glossina palpalis and T. castcllanii, and by Kinghorn and Yorke 
to be about fourteen days in G. morsitam infected with T. rhodesiense, 
after which the liit^s become again infective, and apparently remain 
so for a very long period, probably for the rest of their lives. These 
facts prove'delinitcly that the parasites undergo some changes of an 
imjiortant nature in the flies in question, and that the second in- 
fect ivi' period cannot possibly be classed as mechanical. The fact 
that Lamus megistus remains infective ten to twenty-fr’-e days after 
feeding on a host infected with S. cruzi also proves that the infection 
is not mechanical. Wc therefore draw the conclusion that the 
trypanosonu' undergoes part of its life-cycle in the invertebrate host, 
and the first question which naturally arises is the fate of the so-callcd 
‘ rnaU' ’ and ‘ female ’ forms found in the blood of the vertebrate. 
Are they true mail' and fenude forms, and do they conjugate and 
form an obkinide or zygote or do thc}^ not ? 

Conjugation. — It is difficult to be certain tliat conjugation has 
been seen, and nut division. It has been described by Kcysselitz 
as occurring in leeches fed on a carp infected with Trypanoplasma 
borreli, by Prowazek in lice fed on rats infected with T. lewisi, 
and by Flu in Crithidia melophagia, to which reference will be made 
under the heading of Crithidia . 

On the other hand, careful observers like Miss Robertson and 
Captain Patton have quite failed to see this process in their studies 
of trypanosomes and herpetomonads. The conclusion is that 
conjugation has not been proved to be present in trypanosomes 
so far. 

Development without Conjugation. According to most observers, 
there is no conjugation, but development takes place asexually in 
the invertebrate host. This development varies in different species, 
and may be classified as follows : — 
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A. Development in the proboscis. 

B. Development in the anterior portions of the alimentary canal. 

C. Development in the whole alimentary canal. 

D. Development associated with infection of the salivary glands. 

E. Rectal encystment — faecal infection. 

F. Ovum infection. 

A. Proboscian Development.- — Roubaud has described a form of 
asexual development of T. castcllanii and T. brucei in the proboscis 
of Glossina palpalis in which the undula ting membrane disappears ; 
the flagellum is shortened, and the kinetonucleus approaches the 
trophonucleus, while the parasite becomes attached to the wall 
of the proboscis, and multiplies, forming masses of parasites, the 
whole process occupying only a few minutes. 

Though he thinks that this method of devt'lopment explains the 
infection of man and animals by tsetse-flies in Africa, he was unable 
to produce infection of susceptible animals by inoculation of these 
forms. 

This form of development occurs 
in T. vivax and in T. cazalboui. 

B. Anterior Development. — Miss 
Robertson has shown that the 
trypanosomes of fresh -water fish, 
when ingested by the hicch Hemi- 
clepsis marginaia, first of all undergo 
rapid multiplication by unequal 
binary fission, giving rise to small 
crithidial-like individuals, which 
also multiply in the crop, and then 
towards the end of digestion pass 
forward as long, slender trypano- 
somes into the proboscis sheath, 
and are capable of infecting a new 
host ; while the crithidial forms 
which remain in the crop ])ecome 
Leishmania-like bodies which multiply again when fresh blood is 
ingested. The development of T. vittaice of the milk tortoise Emyda 
vittata, takes place in a somewhat similar manner in the leech 
Glossiphonia sp. (?). 

C. Entire Canal Developmemt.- -Thh form of development is ex- 
emplified by 2\ rajee in the \ecc\i Pontodella mmicata, but in this case 
the trypanosomes in the crop give rise to binucleate, rounded, 
Leishmania-like fonus without locomotor apparatus, which pass into 
the intestine, where they become flagellate, and appear as crithidial 
forms and multiply rapidly. During hunger periods they become 
Leishmania-like bodies, only to revert to the crithidial form when 
food is ingested. These crithidial-like forms become long, slender 
trypanosomes, which pass forward into the proboscis and aie the 
infective agents. 
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D. Salivary Gland Infection.— According to Bruce and his col- 
laborators, if G. palpalis is fed with T . castcllanii , the proboscis is 
not involved in the further development. The fly now becomes 
non-infective for some twenty-eight days on an average. The 
trypanosomes in live to seven days disappear (possibly become 
cellular), but later return in a small percentage of flies, and multiply 
in the fore, mid, and hind guts, generally as long, moderately broad 
forms, with proto])]asm which stains well, and contains an oval 
central nucleus, a small micronucleus, undulating membrane, and a 
flagellum witli a bh^pharoplast. After twenty-eight days it is found 
that the salivary glands become infected with the short, stumpy 
forms already mentioned above, and now the fly is found to be 
infective and to remain so for long periods. These short stumpy 
forms have bei n noted by Kleine in the intestine. Miss Robertson 
linds that tin tryjianosomes infect the salivary glands from the gut 
via the proboscis and the salivary ducts. 


I 2 



(After Bruce, Hamerton, Bateman, and Mackie.) 


Kiiii^diorn and Yorke hnw shown that tlic salivary glands of 
Glossina morsitans becomo inlectcd in a somewhat similar manner 
with T. rhodesiensc . 

Chagas lias seen tryiianosomes in the body cavity and salivary 
glands of Lamus megistus, which are without doubt the forms 
wliich are inoculated in infections. 

E. Rectal Encystmeni . — ^Minchin finds that the crithidial forms of 
T. grayi become encysted in the rectum of G. palpalis. 

h . Ovum Infcciton . — This has not been proved to take place. 
Conditions Influencing Development. — Kinghorn and Yorke have 
shown that the development of T. rhodesiense in G. vtorsilans is 
markedly influenced by the temperature of the air, 75° to 85° F. 
being niore favourable than 60° to 70^ F., and, under favourable 
conditions, the first stage of development can take place, but not the 
later stages, and flies may remain with the parasites incompletely 
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developed for eighty days. Humidity is without effect. Another 
important matter, as we shall see later, is the effect of the next 
following clean feed after an infected feed. 

Methods ol Infection. — Tn nature there can be no doubt that infec- 
tion can take place in more than one way, and Minchin has pointed 
out that the different methods may be— 

1. Contaminative. — This is the infection of the host by swallow- 
ing encysted parasites. At present there is no proof that this exists 
in trypanosomes. But Minchin has shown that 2\ grayi becomes 
encysted while lying in the proctodieum of Glossina palpalis, by a 
shortening of the flagellum and an excretion of a cyst-wall, which, 
beginning at the anterior extremity, gradually spreads round the 
shortening parasite while tlie flagellum is being absorbed. The 
cysts which lie quite free from the proctodteum arc hrst pear-shaped 
and then oval, and the trophonuclci and kinetonuclei break up into 
chromidia. Minchin believes that these cysts will be found to infect 
some vertebrate, but there is no proof of this at present. 

2. Inoculative. — The spread of a trypanosome' from one verte- 
brate host to another was demonstrated by Bruce while studying 
T. brucei, and also by the same observer, Nabarro, and Kleine, for 

both diseases being spread by tsetse-flies, though with 
regard to the former it liad long been known that the tsetse-fly was 
the carrier of the disease. 

There are, however, two ways in which a blood-sucker can spread 
an infection: (a) the direct; (h) the indirect. 

(a) The Direct. — In this the blood-sucker simply transmits the 
parasite unchanged. 

(h) The Indirect. — In this method the parasite undergoes a cycle 
of development in the blood-sucker, the nature of which has been 
fully discussed already. 

It would appear probable that it is only in the natural hosts that 
forms develop which arc infective for the invertebrate. 

Effects upon the Vertebrate Host.^ — ^Trypanosomes may produce 
pathological effects on their vertebrate host, or may apparently be 
harmless, and certain harmless trypanosomes will only live in some 
particular vertebrate and die when injected into others, but no 
pathogenic trypanosome is restricted to one host . 

The best known of the former are T. gambiense, T. castellanii and 
T. rhodesiense, the causes of sleeping sickness ; S. cruzi, of American 
trypanosomiasis; T. evansi, of surra in horses, etc., in India and 
elsewhere; T. brucei, of nagana in cattle and horses, etc.; T. vivax, 
of disease in cattle, sheep, and goats, in the Cameroons; T. nanum, 
of cattle sickness in the Anglo-Egyptian Sudan; T . dimorphon, of 
the Gambia horse sickness; T. cazalboui, of souma, a disease of 
cattle in the French Sudan, and T.pecaudi, of sheep in the same place ; 
T.equinumoi mal de caderas in South America; T. equiperdum, of 
dourine in horses in Europe and Africa. 

Symptoms. — The pathogenic effects of the parasites show them- 
selves in the production of fever, skin eruptions, emaciation, local 
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or general oedema, and disease of the nervous system. Secondary 
bacterial affections are also common. The mortality is often high. 

Mordid Anatomy. — The lesions are often insignificant, but in- 
flammation and enlargement of the lymphatic glands is character- 
istic, and dropsy and inflammation of the meninges are also found, 
which in human trypanosomiasis takes the form of meningo- 
encephalitis, as will be described later. 

Inoculations. — The parasites can be spread from one animal 
and from one species to another by inoculation of infected blood. 

Agglutinins.- — While in the body of the host agglutinins are 
formed, for if blood containing trypanosomes is treated with the 
serum of an animal which has had one or more injections of blood 
containing the same parasite, a rapid massing of the parasites into 
rosettes, with the anterior ends pointing inwards and the flagella 
outwards, takes place. 

Tliis is called agglomeration, and may last a few minutes, the 
parasites being unaffected, or may persist till they die. 

Reducing Power. — ^'ITypanosomes have been shown by Nauss 
and Yorke to have a marked reducing power on haemoglobin. 

Precipitins. — Mayer has shown that the serum of a dog infected 
by T. brucei is precipitated by a salt extract of the same parasite, 
but not by that of T. equinum, thus proving the presence of specific 
precipitins. 

Immunity .- -Active immunity, due to the action of the leucocytes 
(Laveran and Mesnil) or to cytolysins (McNeal), can be produced 
in certain cases, but it is not carried from mother to young. Leger 
and Ringcnbach have shown that the serum of animals affected with 
nagana and surra, also T. equinum, T. castellanii, and T. congolense, 
is trypanolytic for homologous and allied trypanosomes, but not for 
others, 

Chalmers and OTarrell have shown that T. castellanii can be 
separated from T. rhodesiense by immune serum reactions in vitro 
and in vivo. 

Involution Forms.- — Degenerated, vacuolated involution forms 
may be seen as a result of immunity coming on or of treatment by 
drugs. Advanced forms after treatment with immune serum have 
been noted by Chalmers and O’ Farrell. 

Toxins.- — Uhlenhuth, Hiibcncr, and Worthe have demonstrated 
the presence of endotoxins in T, equiperdum, which observation 
supports McNeal’s suggestion as to their presence, and also the 
work of Martin, Darre, and Leber. Free toxins do not exist, but 
endotoxins can be set free by trypanolysis. 

Local Reservoirs. — The long-continued infect ivity of Glossina 
palpalis after the removal of man from a district points to either 
long duration of infcctivity in the fly or to a local reservoir, which 
may perhaps be found in antelopes, and perhaps other animals in 
the case of T. castellani. 

Cultivation. — McNeal and Novy cultivated 2\ lewisi in the water 
of condensation of blood-agar tubes in 1903, and obtained, at 37° C.. 
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and also at the room temperature, good cultures, in which T. lewisi 
varied in size from minute forms i to 2 microns in length up to 50 
to 60 microns, and colonies of rosettes were seen with all the flagella 
turned inwards. The flagellum in cultivated forms projects directly 
from the kinetonuclear end of the parasite. 

The following have been cultivated : S. cruzi, by Chagas; T . brucei, 
by McNeal and Novy, and by Laveran and Mesnil; T. equinum, by 
R. Thomas and Breinl, T. equiperdutn, by Thomas and Breinl, 
with slight success; T. castellanii, by Thomas, Breinl, Gray, and 
Tulloch, with partial success; T. evansi, by Novy, McNeal, and Hare, 
and by Thomas and Breinl, but were found to be non-virulent, 
and subcultures could not be obtained. 

Effects upon the Invertebrate Host. — The effects of trypanosome 
infection upon the invertebrate host has been but little studied, 
except with reference to T. castellanii and Glossina palpalis, and 
the result may be tabulated as follows : — 

A. Non-Infection of the Fly. — i. The trypanosomes intro- 
duced by the infective feed may entirely disappear, being digested 
in some fifty to seventy hours. 

2. The trypanosomes may multiply in the crop, but disappear 
after the next feed if non-infective. 

3. The trypanosomes may grow and multiply in the gut, and yet 
be all swept out by the next feed if clean. 

4. The trypanosomes may survive and develop in the crop for 
twelve days, providing that blood is always present, but no trypano- 
somes appear in the gut, and the infection dies out. 

B. Infection of the Fly Doubtful. — I n the third instance 
quoted above infection may take place; everything depends upon 
the effects of the second feed. 

C. Infection of the Fly. — The trypanosomes persist after the 
clean feed has displaced the blood from the gut, but the infection 
also depends upon the strain of trypanosome, as there is undoubtedly 
a struggle for existence between the trypanosome and the chemical 
defences of the fly against T. castellanii . 

Type Species. — Trypanosoma rotatorium Mayer, 1843. 

It is necessary, for purposes of classification, that the reader 
should clearly understand the nature of the type species. 

Trypanosoma rotatorium Mayer, 1843. 

Synonyms. — Parumcedum lovicaium, seu costatum Mayer, 1843, Annyba 
rotatoria Mayer, 1843, Trypanosoma sanguinis Gruby, iS 43 » Monas rotatorium 
Lieberkiihn, 1870, 'Undulina ranarum Ray Lankester 1B71, Paramcecioides 
costatus Grassi, 1872. 

History. — Gluge in 1842 discovered in the blood of frogs an organism re- 
sembling that which had been discovered by Valentin in the previous year in 
Salmofario, the brown trout, and which was thought to be related to the genus 
Amceha of Ehrenberg, but which from his description and from his figures is 
more probably a trypanosome. Gluge*s description is also very short, and he 
is followed by Mayer, in 1843, who describes two forms — an Amoeba rotatoria 
and a Paramcecium loricatum, or costatum — but in November of the same 
year Gruby gave a clear description of the organism, and applied the generic 
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term * Trypanosoma ' to it, so that it becomes the type species of the genus, 
from which any variation in the classification of the species must be made. 

Ogawa has studied this parasite in the frog in I9i3» well as Doflein and 
Mendeleeff-Gold berg . 

Gruby's Original Description.—' Its elongated body is flattened, transparent, 
curved like a centre-bit; the cephalic end is terminated in a thin, elongated 
filament ; the caudal end is terminated also in a pointed filament. The length 
of the animal is 40 to 80 //., its breadth is 5 to 10 fx, the filamentous pointed 
cephalic end has the greatest mobility, the length of the cephalic filament 
is 10 to 12 /a; its body is elongated, flat, and toothed like the blade of a saw 
all along the length of one of its margins; it is, as I have above mentioned, 
supple and twisted two or three times around its axis, like an auger or a 
corkscrew, which is the reason why 1 propose to name this hsematozoon 
" Trypanosoma/' * 

Zoological Distribution. — It has been found in Rana esculenia Linnaeus, in 
R. temporaria Linnaeus in liurope; in R. spcciosa in the Congo; in R. trinodis 
in the Gambia. Whether the species found in Hyla arborca are truly T. rota- 
torium or not is uncertain. 

Morphology. — The pleomorpliism exhibited by 
tliis form is so varied that it requires classification, 
for, as Chalachnikov has shown, the tollowing 
varieties exist: 

1. Tlattencd I’onns. — {a) Simple plain forms; 
{h) j)lain forms rolled on themselves; (c) spiral 
forms. 

2. Pectinated h'orms. — (a) Pectinated spiral forms; 
{b) cornucopial forms. In all these forms the 
undulaTing membrane is much folded, and has a 
thickened edge. The flagellum, which is short, 
starts from the kinetonucleus, which is situate at 
a variable distance from the aflagellar extremity. 
The trophonuclcus is round or oval. The usual 
length varies from 40 to 80 fi, the breadth from 
5 to 40 fj, and the flagellum is about 10 to 12 //. long. 

Doflein finds that in the blood and internal 
organs forms intermediate between the flagellate 
and the non-flagellatc organisms are found. The 
latter cannot divide. 

Life-History. — The life-history is but little 
known. Asexual multiplication takes place by 
becoming round and losing its locomotor apparatus, 
mitosis. It is but rarely inoculable into other frogs, 
cultures, especially upon Novy-McNeal's medium, but 
the cultures are not inoculable. In the cultures leptomonas and rosette forms 
are seen. The researches of Franca show that it is capable of developing in 
the leech {Helobdella algira), in which it gives rise to leptomonas-like forms, 
which are to be seen located against the walls of the gastric intestinal pouches. 
Frogs can be infected by the bites of infected leeches or by the inoculation 
of the intestinal contents. 

Cultivation. — It has been cultivated in acid bouillon - blood media by 
Pouselle in 1917. 

Classification. — The question is unsettled as to whether there are more than 
one species included under the term T. rotatorium. 

Pathogenicity. — It is believed to be non-pa thogenic. This immunity of 
the frog has been studied by Doflein and others. 



Fic». 93.— / y vj ‘(tnosonia 
rotatorium Ma v iiR. 
(Alter Dutton and 
Todd.) 


the trypanosome 
and dividing by 
but it grows in 


Classification. — If the section on evolution contained in Chapter V. 
be read, it will be seen that we believe that new diseases can arise 
at the present time; that organisms usually harmless in a given 
environment may become so altered under certain circumstances 
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that they may become pathogenic; and that this change, though 
merely at first chemical, may subsequently become structural. 

The researches of O’Farrell, Fantham, and Porter, already referred 
to under the Herpetomoninae, seem to indicate that the original try- 
panosomes were parasites of such invertebrates as Annulates, 
Arachnids, and Hexapoda, from which they spread to vertebrates. 

With regard to man, it would appear as though his infection was of 
comparatively recent date, and tliat in him and in the tsetse-flies 
which infect liim the adaptation of tl’e trypanosomes to the new 
environments is not yet complete, and therefore the differential 
characters of the vario^is species infecting him have not yet become 
completely crystallized. 

It tlierefore appears to us that a natural division of the numerous 
species erf trypanosomes would be into — 

A. Trypanosomes infecting in vertebra ta : — 

I. Trypanosomes of Hirudinea. 

II. Trypanosomes of Arachnida. 

III. Trypanosomes of Hexapoda. 

B. Trypanosomes infecting cold-blooded vertebrates: — 

I . T rypanosomes of Pisces . 

II. Trypanosomes of Amphibia. 

III. Trypanosomes of Reptilia. 

C. Trypanosomes infecting warm-blooded vertebrates: — 

I. Trypanosomes of Aves. 

II. Trypanosomes of Mammalia. 

It is not our purpose to write accounts of all known trypanosomes, 
but merely those which infect man, and to sketchily describe some 
of tliose which produce disease in the mammalia, and to draw atten- 
tion to otliers which can be classified in the series of divisions given 
above. 

With regard to tlie trypanosomes of mammals, it appears to us, 
from an evolutionary point of view, to be correct to divide them into 
two sections — viz. : — 

A. N on-pathogenic mammalian trypanosomes. 

B. Pathogenic mammalian trypanosomes. 

As it is the last section only with which tropical medicine is con- 
cerned, we shall restrict our furthe^' remarks on classification until 
we come to these organisms. 

A New Classification. — Although, for purposes of general infor- 
mation, we have given the usual classification, still, it must be 
obvious even to the casual reader that the genus Trypanosoma com- 
prises an enormous number of species, some of which are of very 
diverse form. 

We feel that the time has arrived in which to bring forward a fuller 
and more useful classification, based upon morphological and 
physiological characters, especially as classifications have been 
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outlined by Noller, while Minchin, had he lived, would probably 
have brought forward one. 

In the Trypanosominae the definitive, and hence primitive, host 
is the invertebrate, and we should expect to find some trypanosomes 
which were solely denizens of these animals, and apparently this 
is so. Unfortunately, their full life-history still requires much 
elucidation, but such forms as Cystotrypanosoma intestinale 
Roubaud, 1911, are worthy of more consideration; and it is 
obvious that such forms deserve separate classifications, and 
should form part of a tribe — Cystoirypanea, with Cystotrypanosoma 
as type genus and C. intestinale as type species. 

As evolution proceeds so life-histories tend to become compli- 
cated. In this case the complication is the introduction of a verte- 
brate intermediary host, and with the change in environment one 
meets with the large, relatively slow-moving, trypanosome of the 
cold-blooded vertebrate and the smaller, quicker-moving, trypano- 
some of the warm-blooded vertebrate. They appear to us to deserve 
to be ranked into tribes and to merit more study. The type of 
the first is obviously Cdugc'sparasite, and of the second the organism 
found, by one of us, to be the cause of sleeping sickness. 

These various ideas may be crysta^Uized as follows : — 

A. Live only in a definitive ^ite host 

Type genus: Cystotrypanosoma Roubaud, 1911 — Tribe i, 

Cystotrypanece Chalmers, 1918. 

Type species: C. intestinale Roubaud, 1911. 

B. Live in a definitive invertebrate host and in a cold-blooded 

intermediate vertebrate host : — 

Type gem\s\— Trypanosoma Gruby, 1843 — Tribe 2, Try- 
panosomecB Clialmers, 1918. 

Tyi)e species: — 2\ rotatorium Gruby, 1843. 

C. Live in a definitive invertebrate host and in a warm-blooded 

intermediate vertebrate host : — 

TyP<^ genus: Caslellanella Chalmers, 1918— Tribe 3, Try- 
pocastellanellece Chalmers, 1918. 

Co-type species: C. gamhiensis (Dutton, 1902). 

C. castellanii (Kruse, 1903). 

In the present work we arc chiefly concerned with the third tribe, 

* TryPocastellanellecB.’ 


SERIES A: TRYPANOSOMES INFECTING INVERTEBRATA. 

TRIBE 1: CYSTOTRYPANE^. 

This tribe has not yet been fully studied, but provisionally it 
can be classified as follows : — 
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A. Forms carefully studied : — 

Snout long, no free flagellum forms like T, dimorphon : — 

1. Trophonucleus round — Rhynchoidomonas Patton, 

1910. 

2. Trophonucleus elongate — Cystotrypanosoma Ron- 

baud, 1911. 

B. Forms not yet fully studied : — 

We still retain the old term Trypanosoma sensu Jato for these 
forms, pending further investigation, and divide them into:— 

I. Trypanosomes of Hirudinea. 

II. Trypanosomes of Arachnida. 

III. Trypanosomes of Hexapoda. 

Forms Carefully Studied. 

Genus Rhynchoidomonas Patton, 1910. 

Definition. — Cysloirypanece witli large kinctonucleus situated on 
the aflagellar side of the rounded trophonucleus, with distinct 
undulating membrane and with the aflagellar end drawn out 
considerably. 

Rhynchoidomonas luciliae Patton, 1910. 

This parasite is found in the Malpighian tubes of Lucilia serenis- 
sima Walker, and Musca nebula Fabricius, in India. It moves by 
sharp jerking movements, and has no free flagellum, but a pointed 
flagellar extremity and a pointed aflagellar extremity. The kineto- 
nucleus is large and circular, while the trophonucleus is also large. 
The cytoplasm contains many chromatoid granules. 

Genus Cystotrypanosoma Roubaud, 1911. 

Definition. — Cystotrypanece with small terminal kinetonucleus 
situate on the aflagellar side of an elongated trophonucleus. 
There is no free flagellum. It gives rise to pyriform cysts. 

Cystotrypanosoma intestinale Roubaud, 1911. 

This parasite is found in the intestine of a species of Lucilia at 
Bamako in French West Africa. 

Forms not yet Fully Studied. 

Trypanosomes belonging to the invertebrate and not due to the 
sucking of contaminated blood have been found in the tsetse-fly, in 
mosquitoes, in ticks, and perhaps in leeches, but it is doubtful about 
the last named. 

The presence of the Herpetomonas, Crithidia, and Trypano- 
soma in blood-sucking Arthropods may, therefore, be peculiar 
to those animals, or only acquired from their hosts. Hence it is 
quite possible for serious errors to arise in working out the life-history 
of these parasites, especially as infection of the blood-sucker may 
come from the eggs. 
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Section L: Trypanosomes of Hirudinea, 

Trypanosoma inopinatum is believed to be a true parasite of the 
leech Helobdella agira, though, according to some observers, it is the 
same as the parasite of the frog. 

Section II.: Trypanosomes of Arachnida. 

T. christophersi Novy, 1907, found in Rhipiccphalus sanguineus, 
fed on dogs. 

Section III.: Trypanosomes of Hexapoda. 

Trypanosoma hoylei I.afont, 1902, lias been found in Conorhinus 
rubrofasciatus , an insect which attacks man in Mauritius and 
Reunion. 

Trypanosoma inllochi Minchin, 1907.- — This parasite closely resembles C. 
castellanii , from 'which it can be difEerentialed by the central round nucleus 
and the small centrosome. It is found in G\ palpalis. 

T. cidicis'Novy, 1907, isfound in various Culicinse. Novy strongly advocated 
the view that the trypanosomes found in mosquitoes which Schaudinn had 
fed on Athene nociucB infected with haltcridium should be defined as 7 '. noctucB 
Schaudinn, 1904, a parasite of Ciilex pipiens, and the same for T. ziemanni 
Schaudinn, 1904, also in Culcx pipiens ; and, further, that the trypanosome 
found by Durham in Stegomyia fasciaia, which had been fed on bats, should 
be looked upon as belonging to the mosquito. 

T. triatoma' Kofoid and McCulloch, 1910, is a parasite, of Triaionia 
protracta, found in nests of the wood-rat Ncoioma fuscipcs. 


SERIES B: rRYPANOSOMES INFECTING COLD-BLOODED 
VERTEBRATES. 

TRIBE 2: TRYPANOSOMES. 

At present this tribe contains one genus — viz., Trypanosoma 
sensd stricto, as defined above, and with T. rotatorium Mayer, 1843, 
as the type. 

It is probable that, as constituted, the genus still contains a 
number of non-defiiied genera, but these require further investiga- 
tion, and we therefore divide the species into: — 

Section I. : Trypanosomes of Fish. 

Section 11 . : Trypanosomes of Amphibia. 

Section HI.: Tryjianosomcs of Reptilia. 

Section I. : Trypanosomes oi- hTsii. 

In 1841 the first known trypanosome was found by Valentin in the blood of 
Salmo fario, the brown trout. 

Since that time a considerable number have been found in fresh- and salt- 
water fish all over the world. As examples may be mentioned T. remaki 
Laveran and Mesnil, 1901, which exists in two varieties — parva and magna — 
and is found in pike; T. yo;’ a? Laveran and Mesnil, 1902, in Raja punctata, 
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and is thought to be spread by a leech — Pontobdella rnuriciita ; T, sacco- 
branchi Castellani and Willey, 1905, in Saccobranchus fossilis in the Lake of 
Colombo, Ceylon. , 

Trypanosomes have been found in eels. Brumpt in igo 6 described a 
number of new species in different kinds of fish, and Zupitza, in iQog, made 
a valuable addition to the knowledge of this subject. 

Some tr)q)anosomes found in fish are T. danilewskyi Laveran and Mesnil, 
1904, in Cvprinus carpis ; T. carassii Mitrophanov, 18S3, in Zarassius vulgaris^ ; 
T. tinccB Laveran and Mesnil, 1904, in Tinea tinea ; T. harbcB Brumpt, 1906, in 
Barbus fluviaiilis ; T. elegans Brumpt, 1906, in Gobio fluviatalis ; T. phoxini 
Brumpt, igc)6, in Phoxinius IcBvis ; ' 1 \ abramidis Laveran and Mesnil, 1904, in 
Abramis brama ; T. leucisci Brumpt, 1906, in Leuciscus sp. (?); T. scardini 
Brumpt, 1906, in Scardinius ervthrophthalmus ; T. squalii Brumpt, 1906, in 
Squalius cephalis ; T. cobiiis Mitrophanov, 1883, in Cobitis fossilis. There are. 
however, many others described. T. roulei Mathis et L6ger, 19 it, in 
Monopleres javanensis : T. pellegrini Mathis ct Leger, 1911, in Macropodus 
viridi auraius ; T. chagasi Horta and Machado, 1911; T. dovhni Yakimotf, 
1912, in Solea; T.yakimoffi in Syngnatis. 

Section II.: Trypanosomes of Amphibia. 

The trypanosomes of frogs were discovered by Gluge as far back as 1842 
in the form of the largest tr}^>anosome known — i.e., T. rotatorium. 

It seems probable that leeches are the carriers of these parasites. 
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Trypanosoma inopinatum Ed. and Et. Sergent, 1904. 

Synonyms. — T . elegans Franca and Athias; T. undulans Franca ; T. henderson 
Patton. 

Found in R, esculenta L. in Algeria, in R. hexodactyla and R. tigrana in 
India. It is very like L. lewisi, but is more stumpy. It is spread by the leech, 
Helobdella algira. It gives rise to herpetomonas and crithidial forms and 
Brumpt has been able to infect frogs by the bite of the infected leeches, and 
has shown that the infection can be spread by the second generation also — 
i.e., that it is hereditary. It is also inoculable. The crithidial forms are said 
to be the infective agent by Fran9a. 

Trypanosoma nelspruitense Laveran, 1904. 

Discove>red by Theiler in R. angolensis Bocage and in R. iheileri Macquart . 

Trypanosoma somalense Brumpt, 1906. 

In Bufo reticulatus from Somaliland. 
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Trypanosoma sp. (?). 

Found by Tobey in the American newt, Dienycleitus viridescens. 

Section III.: Trypanosomes of Repiilta. 

Tortoises. — Trypanosoma damonitr Laveran and Mesnil, 1902, in Damoaia 
reevesi, an Asiatic tortoise; T. vittatcs Robertson, 1907, in Emyda vittata in 
Ceylon, the intermediate host being a leech. 

Crocodilia. — 'Trypanosoma gray i Novy. — This parasite, which was thought 
to be part oi the life-cycle of the Trypanosoma of the crocodile, is now known 
to be a Crithidia. 

Lizards. — T. houati Martin, 1907, in Mahi'ia raddonii ; T. IcschcnauUii Robert- 
son, 1907, in H emidactylus IcschcnauUii, in C^y\on\ T. pevtenue Robertson, 1907, 
in Hemidactylus tviedri Ic^'chenaulti, in Ceylon. 

Ophidia. — T. pythonis Robertson; Mesnil is doubtful whether this is 
not a haemoproteus, while Sainbon considers that it is a haemogregarine, 
(H.robertsoni). 7'. erythrolawpri VVYnyon, 1909, m Try thy clam pus cBsculapii, 
T. prinicti Mathis et L6ger in 77. piscator, T. najoc Wen yon, 1909, in 
Naja nigricollis. 

SERIES C : TRYPANOSOMES INFECTING WARM-BLOODED 

ANIMALS. 

TRIBE 3: TRYPOCASTELLANELLE^. 

This tribe may be divided into : — 

Section I. : Trypanosomes of Aves. — The se are but littli' known, 
and, pcniding furtlK'r study, we must ndain tlu' old gemus Trypano- 
soma sensi} laio. 

Section 1 L: Trypanosomes of Mammalia. — They may be 
classified as follows;--- 

Series (a). — Non-Pat hogeiiic. 

1. Classifiable : — 

Genus Lc'wisonella. 

Genus Endotrypaiium. 

2. Unclassifable :■ — 

Old genus Trypanosoma sens// laio pending fuither work. 

Series {b). — Pathogenic. 

1. Classifiable:- 

Genus Schizotrypamim . 

(xenus CastellaiK'lla. 

Genus Duttoncdla. 

2. Unclassifable ■ 

Old gc'iius Trypanosoma sensii lato pending more research. 

3. Little known. 

The classifiable mammalian trypanosomes may be recognized by 
the characters given in the following table: — 

A. With schizogony in the vertebrate host — Schizotrypanum 
Chagas, 1909. 


26 
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B. Without schizogony in the vertebrate host;— 

I. Enters red blood-corpuscles — Endotrypanum Mesnil 
and Brimont, 1908. 

II. Docs not enter red blood-corpuscles. 

(a) Final stage of development in the definitive host is 

in tlie hind gut. Infection is contaminative. 
Aflagellar extremity long drawn out and pointed. 
Cytoplasm free from gr smiles— Lewis onell a 
Chalmers, 1918. 

(b) Final stage of develoxnnent in tlic definitive host 

is in the salivary glands, proboscis, or hypo- 
pharynx. Infection inoculative. 

1. Polymorphic, with granular cytoplasm, small 

kinetonucleiis, and well-developed undulating 
membrane. Final stage in the definitive 
host takes place in the salivary glands — 
Castellanella Chalmers, 1918. 

2. Monomorphic, with non-granular cytoplasm, 

large kincdonucleus, and with or without 
well - developed undialating membrane. 
Final stage of development anterior, but 
not in the salivary glands — DiiUonella 
Chalmers, 1918. 

The tyi)e specit'S of these' genera, are as follows: — 

Schizotrypanum cruzi, synonym Trypanosoma cruzi Chagas, 1909. 

K ndotry panum schaudinni Mesnil and Brimont, 1908. 

Lewisonclla Inoisi. synonym 'Trypanosoma lewisi Kent, 1879. 

C asiellanclla gambicn sisDutton, 1902 (co-type species: Castellanella 
castellanii Kruse, 1903, synonym Trypanosoma casleUanii Kruse, 

Duttonclla vtvax, synonym 'Trypanosoma vivax Ziemann, 1905. 

Section I. : Trypanosomes of Aves. 

In 1845 Gros found trypanosomes in the blood of goat-suckers and cranes 
which arc now known to be very common in birds; but the detection in blood- 
films is not easy, as the parasites are lew and far between. According to 
Novy and McNeal, the cultivation method is much better. 

Laveran and Mesnil summarize them into three types : — (i) Trypanosomes of 
type of T. lewisi in rats [T. avium minus) ; {2) trypanosomes of type of T. rota- 
torium of the frog; (3) long thin trypanosomes without free flagellum — 
distinct type. 

A few examples may be mentioned : — T. avium Laveran, 1903, in Syvnium 
aliico L., the wood-owl; 7 \ conjusum Liihe, 1906, in Agelaius phceniceus L., 
and other North American birds; T. laverani Novy and McNcal, 1905, in 
Astragalinus iristis L., North America ; T. paddcB L. and Mesnil, 1904, in Padda 
oryzivora, the Java sparrow. 

Also T. lagonosticteB Maiiillaz, 1914, from Lagonostictee senegala ; T. 
Leothricis, from the Japanese nightingale, Lcothrix luteus. 

Section II.: The Trypanosomes of the Mammalia, 

Mammalian trypanosomes may be classified according to Laveran 
and Mesnil, into: — 
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Series (a ). — ^The non-pathogenic mammalian trypanosomes. 
Series (6). — ^The pathogenic mammalian trypanosomes. 

This classification is, in our oi:)inion, in accord with evolutionary 
knowledge. 


SERIES A: THE NON-PATHOGENIC MAMMALIAN 
TRYPANOSOMES. 

It is quite beyond the limits of this book to give detailed accounts 
of these trypanosomes, and all that v/e can do is to attach a list of 
the more common with an account of a few. 

Classifiable. 

Two genera are known — viz.: — 

A. Endoglobular forms known — Endotryfamim , 

B. Endoglobular forms unknown — Lewisonella, 

UnclassifiahJc. 

C. Little known forms^ — Trypanosoma sensu la to. 

Genus Lewisonella Chalmers, 1918. 

Definition. — Trypocastellanelleae, found in mammals, non-patho- 
genic, without endoglobular forms. 

Type Species. — Lewisonella lewisi Saville Kent, 1880. 

We will describe the type species L. lezoi si Saville Kent, 1880, in 
greater detail . 

Lewisonella lewisi (Saville Kent, 1880). 

Synonyms. — Herpetomonas lewisi Kent, 1880; Trichomonas lewisiCroolcshsink, 
1886; Trypanomonas lewisi Labbc, 1891; Trypanosoma sanguinis Kanthack, 
Durham, and Blandford, 1898; J\ rattorum Borner, 1901; Trypanomonas 
murium Danil, 1899; TrypanozoonleimsiL\\k^,, 1906; Trypanosoma lewisi 
1880. 

Remarks. — L. lewisi was the first mammalian trypanosome to be discovered, 
for it was seen by Chussat in 1850 in Epimys rattus (probably not by Gros in 
1845), who thought it was a young nematode, while Lewis, in Calcutta, in 
1877, rediscovered it, and recognized that it was a protozoon. It is a typical 
Lewisonella, and is found in Epimys rattus L., E. norvegicus Pall, and E. 
rufescens Gray all over the world — in Asia (India, Ceylon, Java, Philippines, 
Japan), in Europe (England, Ireland, France, Holland, Germany, Russia), 
in Africa (Uganda, Abyssinia, Gambia, and Cameroons), and in America 
(United States and Brazil). It is non-pathogenic and restricted to rats, 
among which it is spread by Ceratophyllus fasciatus, the rat-flea. 

Morphology. — It is a very active, worm-like little ])arasitc darting about 
among the corpuscles. It is 24 to 25 jj, in length and 1*5 in breadth. The 
anterior end is very pointed, and the whole parasite is thin. The tropho- 
nucleus is situated near the junction of the middle and posterior thirds of the 
body, and the kinetonucleus, which is rod-shaped, is situated anteriorly. 
There are eight myonemes in the ectoplasm (periplast) . Prowazek distinguishes 
small male forms with a nucleus rich in chromatin, large female forms with 
clear cytoplasm, and indifferent forms with many granules and poorly defined 
nucleus. 

Life-History — In the Vertebrate. — ^The life-history in the rat has been 
worked out by Breinl and Hindle (Fig. 89, p. 384). The filament they 
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mention as occurring between the kinetonucleus and the trophonucleus 
appears to have been also seen by Prowazek. Asexual reproduction may be 
summarized into reproduction with longitudinal division and reproduction 
with rosette formation and cncystment after some interchange between the 
kineto- and tropho-nudei, followed in due course by increased power for 
longitudinal division. Battaglia describes a process of sporogony with the 
formation of macro- and micro-gametocytcs, and of macrogametes and micro- 
gameles, and a similar reproduction has been described by Pricolo. Carini s 
cyst-like bodies in the lungs arc considered by Delinois to be a coccidium, 
Pneumocystis carinii. 

In the 'Invert (hr ate. — The rat-flea, Ceratophyllus fasciatus,i?> the true carrier 
of L. Icwisi, as was first demonstrated by Nuttall, and the rare development 
which may take place in louse Polyplax spinulosa is more of the nature of a 
natural culture than a proper development. The development in the flea 
has been studied by Swcllcngrebel and Strickland, and more recently by 
Minchin and Thompson. 

When the flea ingests blood containing the flagellates, they pass directly to 
the mid -gut, where they enter the epithelial cells, inside which they attain 
a large size and undergo multiplication in a jieculiar manner by forming a 
large s])lierical body containing a number of tropho- and kineto-nuclei, and 
develo])ing flagella, while the original flagellum still remains attached, but is 
subscc|uently lost ; and then the cytoplasm divides into the daughter trypano- 
somes, which are now set free, and, pas.sing into the rectum, become crithidial 
forms by the kinetonucleus travelling past the trophonucleus towards the 
flagellum, d'hose crithidial forms attach themselves to the wall of the rectum, 
and shorten into Leishmania-like forms without flagella or without free flagella. 
These in their turn dcvclo]) into trypanosome forms, which pass forwards 
into the mid-gut. 

'I'he intracellular stage is at its height about the end of the first day after 
infection ; the la'c.ta.l stag(‘ Ijcgins during the second day, the try]')aniform types 
pass into \ he mid-gut towards the end of the fifth day; and the flea is infective 
in about six days alter its own infective meal. 

'the 191 5 work of Minchin and Thompson may be summarized as follows: — 

L. Icwis'i is transmitted from rat to rat by the rat-flea Ceratophyllus fasciatus, 
but infection docs not occur by the flea-bites, but is contaminative by the rat 
licking from its fur or skin the moist faeces of infective fleas containing the 
final propagative form, or by eating the fleas. 

The cycle of development is as follows: — I'hc flea sucks the blood of an 
infected rat, and so accpiires the trypanosomes, which rec]uire a minimum 
of five tlays to attain the infective stage, which is a small trypanosome which 
does not penetrate the salivary glands, but remains in the: digestive tract, 
from which it escapes in the ta'ces, which are taken into tl\e mouth of the rat 
while licking the fur. The flea remains infective for a long time, but does not 
pass the germ on to the next generation. After infection some five to seven 
days elapse before the trypanosome appears in the rat’s blood, in which it 
multiplies till the eleventh to thirteenth day after infection. 

In the louse, Polyplax spinulosa, the life-cycle has been studied by Prowazek, 
who finds that the inicio- and macro-gametocytes undergo first a reduction 
of the tiophoniicleus from sixteen chromosomes to four, and that then the 
microgametocyte gives rise to only one microgamete, wliich fuses with the 
macrogamote, forming an ookinete. This becomes a try[)anosome by the 
sejjaration ol the kiiudonucleiis Ironi the synkaryon. The flagellum projects 
from the posteiior end, which the kinetonucleus now leaves, and, taking the 
flagellum with it, proceeds towards the anterior end, thus forming the undu- 
1.1, ting membrane. Gregariniform non-flagellate forms also appear, which 
penetrate betwc'en the epithelial cells. Prowazek failed to infect rats by 
the bit(‘ of the louse, but this has been done suc cessfully since. Swellengrebel 
and Strickland find that the development in the louse is very irregular and 
not to be compared with that in the flea. 

Cultivation. — Cultural experiments have been carried out successfully by 
Novy and McNeal on a medium prepared by mixing agar and defibrinated 
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rabbit's blood in equal parts, when forms from i i to 60 ^ in length may be 
found, and also rosettes, but the forms arc herpetomoniform, with the kine- 
tonucleus at the flagellar end . 

Pathogenicity. — Inoculation can only be carried out successfully in rats, in 
which it is generally non-pathogenic, though some observers have described 
the rare occurrence of dyspnoea, a'derna, and subcutaneous haemorrhages in 
intense infections. Some strains may become very pathogenic for rats. 
These strains show morphological and developmental anomalies — e.g., forms 
without a blepharoplast — and there is a correlation between virulence and 
these changes. 

Immunity. — Immunity is gaim^l when a rat becomes free from the parasite's, 
and hyperimmunity can be obtained by inoculations. It is thought tliat tlie 
immunity is largely due to phagocytosis, init this is being questioned in many 
species of trypanosomes. A protective sei iim is obtainable from hyperimmune 
rats. Immune serum will agglomerate the trypanosomes. 

Hereditary Infection. — ^The parasites cannot be transmitted from the mother 
to young, as it appears that they cannot traverse the placenta. 

Genus Endotrypanum Mesnil and Brimont, 1908. 

Definition. — Trypocastellanelleae, found in mammals, non-])athogenic, and 
with endoglobular forms. 

Type Species. — Endotrypanum schaudinni Mesnil and Brimont. 1908. 

Endotrypanum schaudinni Mesnil and Brimont, 1908. 

This trypanosome, 13*4 X 3*5 microns, is only known in the endoglobular form 
in the red blood cells of the sloth, in which it appears as a peg-top-shaped try- 
])anosome with a short ilagelliim jKrssessing trophoinu leus and kinetojuicleus. 
This must be only one stage in its lile-hisfory, and as yet the other stages are 
unknown; and though a free trypanosome was seen in the same animal as the 
encysted forms, it was considered to l)c different from the endoglobular forms. 
In 1914 Darling confirmed these researches, finding the organism in Chnlwpus 
didactylns in Panama. No free trv})anosomes were seen in the sloth. Idee 
forms only occur after fresh preparations have stood some time. 


Unclassifiahlc. 

The following is a list of the iinclnssified species, divided 
according to the classification of the host :)nd arranged according 
to known importance - 

T rypanosomes found, in M onkcys.—AiuvA'iiy <\ : T. minasense Cliagas, 
190C}; T. prowazeki Gosslcr, 1908. Asia: T. rhesii Terry, 1911; 
T. vickersa Brumpt, 1909. Africa: A ntimlx'r of unnamed trypano- 
somes are reported in chimpanzees and specie's of Cercopithecus. 

Trypanosomes of Ungulata. — Trypanosoma theileri Bruce, 1902. 

Trypanosomes of Rodents.— T . Thiroux, 1905; T. mnsetdi 

Kendall, 1906; T. grosi Laveran and Pettit, 1909; T. microti 
Laveran and Pettit, 1909; T. hlanchardi Brumpt, 1905 ( = 7 \ myoxi 
Blanchard); T. evotomys Hadwen; T, peromysci Watson; T. criceii 
Liihe, 1906; T. cunicuU R. Blanchard, 1906; T. handicotti Lingard, 
1904; T. nahiasi Railliet; T. leporis sylvatici Watson; T. aconchii 
Brimont; T. indicum Liihe; T. citelli Watson; T. spermophili 
Laveran; T. otospermophili Wellman and Wherry; T. petrodronn 
Bruce, 1915. 

Trypanosomes of Bats. — T. vespertilionis Battaglia, 1904; 7 \ mega- 
derma Wenyon, 1908: T. nicolleorum Ed. and Et. Sergent, 1905; 
T. limeatus Iturbe and Gonzalez, 1916. 
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TfypdnosOMCs of Inscctivoru. — T. tcilpcB Nabarro, T soficis 

HadWen. . -i -o • i. 

TfyPduosoMes of Hdentatu. — T. legeti Mesnil and Bnmon^ 1910. 

TtypdfiosoMcs of CdTfitvotd. — 7 . Bettencourt and Franf a, 
1905. 

Trypanosoma duttoni Thiroux, 1905. 

Dutton and Todd in 1903 saw a flagellate organism in the blood of mice 
obtained in a house in McCarthy Island on the Gambia River, but they con- 
sidered it to be of the lype of a Herpetomonas ; but in 1905 Thiroux described 
a definite trypanosome in Mus muscuhis L. in Senegal which will only infect 
mice of all kinds — e.g., M. minutus L. (the harvest-mouse) — and it is possible 
that Dutton and Todd saw one stage of its development. 

A number of interesting researches have taken place with this trypano- 
some. Pricolo found that it could pass through the placenta and multiply 
in the foetus, in which he describes latent forms very like those already men- 
tioned in T. Icwisi — i.e., which resembled Leishmania — having only a rod- 
shaped kmetonucleus and trophonucleus. 

Trypanosomes were found in fleas caught on infected animals, but they 
did not show any development. 

Trypanosoma museuli Kendall, 1906. 

This parasite was found in 8 per cent, of the mice examined by Kendall 
in Panama. It was non-pa thogenic, and resembled T. duttoni. 

Trypanosoma microti Laveran and Pettit, 1909. 

Found in Mievolus arvalis Pallas. It is 25 to 30 jixhy 1*5 

Trypanosoma blanchardi Brumpt, 1905. 

In Myoxts glis, the common dormouse. Like T. lewisi, but not inoculable 
into rats. 

Trypanosoma myoxi R. Blanchard, 1906. 

Found by Galli- Valerio in Muscardium (Myoxis) avellanarius L., but notliing 
much is known about the parasite. 

Trypanosoma atvicanihidis Delanoe, 1915, from species of Arvicanthus and 
T. ehurnensc Delanoe, 1915, from Musconcha are varieties of T. lewisi. 

Trypanosoma criceti Liihc, 1906. 

Synonyms. ~T . rabmowitschi Brumpt, 1906, 

This trypanosome, which is very like T . lewisi, but distinguished by not 
being transterablc to the rat, was found in the hamster {Cricctus cricetus L.) 
by Koch in 1881. A blood-sucking louse has not been found on the hamster, 
but Ccratophyllus fasciatus Bose is common. 

Trypanosoma cuniculi R. Blanchard, 1906. 

This trypanosome was found by Jobjet and Nabois in 1891 in the rabbit 
{Lepus cuniculus L.) , in which it causes emaciation and perhaps diarrhoea. It 
is very similar to T. lewisi, but smaller. It will not infect white rats and guinea- 
pigs, but it can be cultivated. It is suspected that Hcematopinus ventricosus 
Denny and Pulex goniocephalus Taschenberg may perhaps have somethin^ 
to do with its life-liistory. 

Trypanosoma bandicotti Lingard, 1904. 

'Ihis trypanosome is probably not the same as T. lewisi, which it resembles 
in being pathogenic to guinea-pigs. It is found in Nesokia bandicotti Bechst 
in Bombay and the Deccan. 
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Trypanosoma indicum Liihe, 1906. 

T. indicum is found in the Indian squirrel (Funamhulus palmarum L.) in 
Madras. It is very like T. lewisi, and only slight morphological differences 
can be found. 

Trypanosoma vespertilionis Battaglia, 1905. 

Synonym.^— Trypanosoma dionisii Bettencourt and Ja*an9a, igo8. 

Dionisi found a trypanosome in the Italian bat {Miniopterus schrenbersii) 
in 1899, and since then numerous bats have been found to carry trypanosomes, 
and alvSo they can be inoculated with the parasites of surra and mibori, which 
produce pathogenic effects. 

T. vespertilionis has been found in bats h orn South Italy (Battaglia), Boman 
Campagna (Sambon), Brazil (Durham), India (Donovan), North Africa (Ser- 
gents), and from Portugal (Bettencourt and Franga). This parasite has been 
investigated by Battaglia, who has described a process of sporogony, and has 
shown that the blood filtered through a Kitasato filter is still infectious. 

According to Pringault, T. vespertilionis is spread by Cimex pipestrelli. 

Trypanosoma nicolleorum Ed. and Et. Sergent, 1905. 

In the blood of Vespertilio huhli Natt and V. myotis Bechst in Algeria; not 
transmissible to mice, rats, or rabbits. 

The carrier of the infection is not known. Durham saw trypanosomes in 
Stegomyia fasciata which had fed on a bat, but they might have belonged to 
the mosquito. Fleas have been examined without .succcwss. 

Trypanosoma theileri Bruce, 1902. 

Synonym. — 2'. transvaaliense Laveran, 1902. 

2 ". theileri is found in the Transvaal, in Togoland, East Africa, Trans- 
caucasia, and in India. It is of large size, 60 to 70 f.i in length and 4 to 5 
in breadth. A small form is known, 25 to 53 in length and 2 to 3 in 
breadth. It moves very rapidly, and has a long liagellum, while the anterior 
end is pointed and the kineto nucleus is oval. Multiplication is by simple 
longitudinal fission. A female form has been described by Liihe. It is 
believed to be spread by species of Hippobosca, and is specific for bovines, not 
being inoculable into other animals. According to Nocht and Mayer, it is 
not the cause of gall-sickness or galziekt6 in cattle in Africa. 

Carrier; Hippobosca rufipes (Fig. 447, p. 85^). An allied species is T. uru- 
blewskii WladimirofE and Takimofl, 1909. 

Similar species are T. himalayanuni, T. indicum, T. muktesauri Lingeard, 
1904; T. franki Frosch, 1909; T. amevicanum Crawley, 1909; T. rutherfordi 
Hadwen, 1912. 


SERIES B: THE PATHOGENIC MAMMALIAN 
TRYPANOSOMES. 

Briue has classihed pathogenic i-iammalian trypanosomes into 
groups as follows : — 

A. Polymorphic trypanosomes with granular cytoplasm, active 
movements, well-developed undulating membrane, small 
kinctonuclcus. Spread by tsetse-flies, which are the 
definitive hosts in which development is completed in 
the salivary glands — T. gambiense, T. hrucei, T. rhodc- 
siense, T. evansi, T. equiperdum. (This group corre- 
sponds with the genus Castellanella.) 
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B. Monomorphic trypanosomes with non-granular cytoplasm. 
Spread by tsetse-flies, in whicli development is confined 
to the proboscis and hypopharynx. (This group agrees 
with the genus Duttonella.) 

I. Kinetoiiucleus large and terminal. Undulating rncm- 
Ijraiic ])oorly developed and simple. Movements 
very rapid- -T. vivax, T. caprcc, T. uniforme. 
(Vivax sid:)-group.) 

II . KiiK'tonucleiis prominent and siibterminal . Undulat- 
ing membrane well deV(‘lop(‘d . Movements active — 
T. pecormn and T. simicc. (Pecorum sub-group.) 

Taking into consideration the above, we may arrange the patho- 
gc'iiic mammalian trypanosomes as follows: — 

A. Classifiable: — 

1 . Genus Castellanella. 

Genus Castellanella Chalmers, 1918. 

Definition.- Trypocastellam'llea* with tlu' definilive host a fly and 
the intermediate liost in a warm-blooded V(Uebrate. Without 
reproduction by schizogony in the vi'rtebratc' host, in which it is 
polymorphic, witli granular cytoplasm, smell kinetonucleus, and 
weU-devcdo])ed undulating mcnnbramc Pinal stage in tlie definitive 
host is in the salivary glands. Infection is inoculative' and trans- 
mission is ing('sti^a' (see Chapter XXXV.. p. 878). 

Co-Type Species. -CastcllanvUa gambiensis (Dutton, 1902) an(] Castellanella 
caslellanii (Kruse, 1903). 

Other Species.— Tlie species of the genus may be diilerentiateU as follows: — 
A. Posteriorly nucleate in rats : — 

1. Will not infect man. Kills an animal immunized against 
rhodrsiensis — brucei. 

11. Inlc'cls man. Kills an animal immunized against C. brucei — 

( . rhodrsiensis. 

13. Sot posteriorly nucleate in rats : — 

I. Infection direct Irom vertebrate host to vertebrate host during 

coitus -C'. equipei dum. 

11 . Inlection hy means of a definitive host: — 

{a) 1 )efinitive host not a tsetse-fly — C. evansi. 

[b) i)e(iintivc host a tsetse-fly: - 

1. Causes chronic and often mild infections in man — 

( '. gambiensis. 

2. Causes acute and severe infections in man — C. castellanii. 

II. Genus Duttonella. 

Genus Duttonella Chalmers, 1918. 

Definition. — Trypocastellanellete with definitive host in a fly and 
intermediate host in a warm-blooded vertebrate. Without repro- 
duction by schizogony in the vertebrate host, in which it is mono- 
morphic, with non-granular cytoplasm, a large kinetonucleus, 
which may be terminal or subterminal, with or without a well- 
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developed undulating membrane. Movements active. Final stage 
in the definitive host is confined to the proboscis and hypopharynx. 

Type Species. — Bruce’s Uganda strain of vivax, which is probably the same 
as cazalboui. 

Other Species. — The other species may be recognized as follows; — 

(a) Kinetonuclens large and terminal. Undulating membrane 
well developed and simple. Invertebrate host a glossina : - 

1. Rats refractory — IJ niformis. 

2. Rats susce]>til)le — Vivax. 

3. Only equida? and ruminants susceptible — Capree. 

{[)) Ivinclonucleus prominent and sid)lerminal. Undulating 
membrane poorly devf doped: — 

’ I. Small, 8-18 microns; found in cattle — Pcconiw. 

2 Larger, 14-24 microns; found in monkeys — SimicB. 

B. Unclassiftable: — 

Genus Trypanosoma sensn lato : — 

Group I : Part of the flagellum always free. 

(rroup 2: No part of the flagellum free. 

Group 3; Part of the flagellum may or may not be 
free. 

Group 4: Little-known forms. 

TRYPANOSOMES OF'^ ANIMALS. 

FORMS CLASSIFIABLE. 

Genus Castellanella Clialmers, i(ji(S. 

Castellanella evansi Steel, 1885. 

Synonyms. — Spirocha^ia evanU Steel, 1885; ilcBmaiomonas evansi Crook- 
shank, t 886; and I'richomonas evansi Crookshank, t 886. According to Yorke 
and Blacklock, T. soudanensc and T. venczuclcnsc ; according to Bruce, 
T. soudanense Laveran. 

Castellanella evansi, discovered by Evans in India in 1880, is the cause 
of a disease called surra, which occurs in horses, mules, camels, and cattle in 
India, Burma, Indo-China, java, Philippim^s, Mauritius, and North Africa. 
With regard to cattle, they were supposed to be immune until the outbreak in 
Mauritius in 1902, which killed from 25 to 100 per cent, of the infected cattle. 

Morphology. — This trypanosome, 25 jj, in length and 1*5 fji in breadth, has a 
pointed anterior extremit^g a long flagellum, and is actively motile. It repro- 
duces asexually by simple division. 

Walker finds that a schizogony takes place in the spleen of the vertebrate 
host. The trypanosome in the capillary bends round until its two ends meet 
and fuse, forming a ring, which may become a disc with the llagellum at first 
attached, but subsequently lost. These bodies measure 2*5 fi In diameter, and 
possess a kinetonucleus and a trophoimcleus. The?y grow, and their nuclei 
divide until they reach a size of 10 to 15 in diameter, and divide into four to 
sixteen kineto-"and tropho-nuclci, ancl eventually form mesozoites inside a 
thin cyst wall. Each mesozoite is 6 to 10 ^ in length and i to 1*5 in width, 
with two nuclei, but no flagellum, or undulating membrane. These mesozoites 
are believed to develop into trypanosomes. No dimorphism in these bodies 
has been seen. 

Life-History. — Flolmes recognizes male and female forms, which he considers 
conjugate by the anterior extremities only, after which the female divides, 
forming four amoeboid bodies, which, in the liver, spleen, and bone-marrow, 
develop into trypanosomes. This appears to somewhat resemble the descrip- 
tions of Breinl and Hindle of latent forms in C. castellanii. C. evansi can be 
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cultivated, and appears to develop in certain flies — for example, Tahanus 
tropicus, T. lineola, Stomoxys calcitrans, S. geniculatus, in the stomach of the 
last of which it has been found . Certainly it can be transmitted to healthy 
animals by the bites of flies and fleas. It is said that it can also be contracted 
by eating infected meat. 

T. strialus Fabriciiis, according to Mitzmain, can mechanically transmit 
surra. 

Pathogenicity. -Tlie symptoms are lever, remittent or intermittent, emacia- 

tion, a;dcma of the Iimr)S and ventral surfaces, frequently lesions of the eyes 
and eyelids, great muscular weakness,, paralysis, and death. The treatment is 
by arsenic'. A variety, (T cvansi var. nibovii Laveran, the cause of the 

disease nibori in dromedaries in Africa. 

Gastellanella brucei Plimmer and Bradford, 1889. 

Synonyms. — Perhaps T. eqiii Blacklock and Yorke, 1913. According to 
Bruce, T. rhodesiense and T. ugandcB, 

This parasite was discovered by Sir David and Lady Bruce in 1 895 in animals 
suffering from the tsetse-fly disease or nagana (which means ‘ weakness ’) in 
Zululand. At the same time they showed that the tsetse-fly [Glossina morsi- 
tans) disseminated the disease. 

The parasite is widespread throughout Africa, especially in Zululand, 
Northern Transvaal, and its surrounding countries; also from Pretoria to 
Lake Nyassa in the basin of the Limpopo, in the basin of the Zambesi, in 
East Africa, where it causes nagana or the fly disease, and in Uganda, 
where it is called ‘ jinja.' 

Morphology. — The appearance of theparasiteis worm-like, being 28 to 33 [jl 
in length in horses and donkeys. The length is constant for the given animal, 
but varies in different hosts, being 26 to 27 /r in rats, mice, guinea-pigs, rabbits, 
and dogs. 'J'he anterior end (non-flagellate) is a truncated cone, bcliind which 
lies the kim'tonucleus as a well-marked rounded mass, posterior to which the 
flagellum arises. The trophonucleus lies in the middle of the body, and 
many chromatoid granules may be seen posterior to it, while still further 
posterior the free whip of the flagellum may be noted. Koch considers C. 
brucei to be identical with C. evansi, but the animal reactions clearly show 
them to be different species. 

Life-History. — The life-cycle in the vertebrate host has not been very fully 
worked out, but the longitudinal division is well known. The kiiietonucleus 
divides first, then the flagellum, then the trophonucleus, and finally the 
cytoplasm, but, according to Prowazek, division is really a very complicated 
process. First the blepharoplast becomes thickened, elongated, and dumb- 
bell-shaped, and then divides. In the trophonucleus the chromosomes behave 
like the kinelonucleus and the centrosome, and, having divided, the whole 
nucleus divides. The chromatin granules in the cytoplasm are also said to 
undergo fission, while a new flagellum develops from the new kinetonucleus. 
Parasites resembling the latent forms of Breinl and Hindle are known, and are 
called involution forms. 

It is believed by some authorities that the parasite lives in nature in the 
wildebecste (Catoblepus gnu), the koodoo (Strcpsiceros cape.nsis), the bush- buck 
(Tragelaphus scriptus sylvaticus), and the hyena, without causing disease. 
These may form a reserve from which the tsetse- flies G . morsitans, G. pallidipes , 
and G.fusca can obtain parasites which undergo development in their alimen- 
tary canal, during which time they are non-pathogenic, and when fully 
developed are found in the ])roboscis, and are again capable of being inoculated 
into animals, in some of which they arc pathogenic. Kleine has proved that 
the transmission of the trypanosome is not merely mechanical, as suggested 
by Bruce and others, but also takes place after the trypanosome has undergone 
development in the fly, which is its true host. Thus, freshly caught G. morsi- 
tans for the first thixe days infected cattle, and then, from the fourth to the 
tenth day the flies were non-inf ective, but from the eleventh to the forty- 
fourth day they were very infective. This shows that the parasite must 
undergo a development in the fly. 
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CultlVBtioD^^^Novy 3,11(1 McNc^l have cultivated C. htucci in ttie same 
manner as Lewisonella lewisi, and found some evidence of a toxin, but it only 
grows exceptionally in the water of condensation from the agar medium which 
contains half or less than half its volume of blood. Agglomeration takes 
place under various circumstances — e.g., mixture with immune blood or a lew 
drops of dilute acetic acid, etc. 

Pathogenicity. — The disease can therefore be spread by the bites oi certain 
tsetse-flies, particularly G. morsitafis and perhaps the others mentioned above. 

It can, however, be also spread by inoculation and by eating the blood of 
animals recently dead from the disease. The incubation period is about ten 
days, and the effects produced in animals vary considerably in the following 
manner : — 

1. It is an acute disease in mice, rats, dogs, monkeys, cats, etc., dogs dying 
in two to six days, rats in three to six days. 

2. It is a subacute disease in rabbits, guinea-pigs, equines, and pigs, a 
horse dying in fifteen to nineteen days. 

3. It is a chronic disease in cattle, goats, geese, and fowls. In cattle it 
lasts from one week to six months. 

Battaglia has succeeded in inoculating bitches by injecting some infected 
blood in vaginam. He has also infected rabbits by inoculating blood on the 
penis, when a hard, granulomatous nodule, very similar to a human syphilitic 
primary sore, developed. 

Nagana is invariably fatal to the horse, the ass, and the dog, but a small 
percentage of bovincs recover. In these animals it is characterized by fever; 
by an infiltration of coagulable lymph in the subcutaneous tissue of the neck, 
of the abdomen, or of the extremities, giving a swollen appearance to those 
parts; by a destruction more or less rapid of the red corpuscles of the blood, 
with an extreme emaciation, often blindness; and by the presence constantly 
in the blood of C. hvucei. 

Yery few lesions are found at the autopsy, the most characteristic being: — 

1 . Enlargement of the spleen. 

2. Trypanosomes in the blood. 

3. Hypertrophy of the lymphatic glands, but apparently not associated 
with a development of the parasites in these organs. 

4. In horses, the liver and spleen are hypertrophied, and there is yellow 
serous infiltration under the skin and mucosa and between the muscles, as 
well as some pleural and pericardial exudations and subpericardial ecchymoses. 
A gelatinous substance is found at times around the spinal cord. 

According to Bradford, Plimmer, Yakimoll, Lanfranchi, Rondoni, Goretti 
and others, the spleen has a tr3q)anolytic action, but this is denied by Laveran, 
Thiroux, Massaglia, and others. 

The best treatment is arsenic in some form. Trypanroth, a benzine colour, 
and serum treatment have not proved of great service. 

Castellanella equiperdum Do Hein, 1901, 

Synonym. — T. rougeti Laveran and Mcsnil. 

C. equiperdum is the cause of the disease called dourinc or mal dii coit in 
horses in Europe, India, North Africa (Algeria), and North America. 

Morphology.— It is about 25 to 28 yit in length, and has no chromatic granules 
in the cytoplasm. It is difficult to find in naturally infected animals, being 
best obtained from the plaques of the eruption. Salvin-Moore and Breinl 
reported the presence of latent bodies in inoculated rats. 

Life-History. — It does no t appear to be spread by a fly, but by coitus between 
stallion and mare. Hence the disease resembles sypliilis, and proves that a 
trypanosome is capable of penetrating a mucous membrane. The incubation 
is from eleven to twenty days. 

Stage I, or the Period of (Edema. — The genital organs begin to show signs 
of oedema, generally painless and not inflammatory, though there is some fever . 
In about a month the oedema disappears, and weakness and emaciation begin. 

Stage 2, or the Period of Eruption, is characterized by the appearance in 
about forty to forty-five days (or two months) after infection of an eruption, 
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characterized by circular oedematous areas about the size of a two-shilling 
piece, generally under the skin of the sides and hind-quarters, but sornetimes 
also "Under that of the neck, shoulders, and thighs. This eruption is very 
variable, and may appear in the morning and disappear at night, but generally 
it lasts a week, and leaves the animal in a feeble condition. There is also 
synovial engorgement of the joints and tendon-sheaths, and enlargement of 
the lymphatic glands, parlicnlarly the inguinal. 1'he temperature is often 
raised to ^9" C. (i<)2*2' ]‘\) in the ev^ening, and falls to 3 ^* 5 ° C, (ioi’4° F.) in 
the morning. 

Stage 3, or the Period of A n eBmia and Paralysis . — The animal now becomes 
very anamiic, Avilli pah* mucosa*, and emaciation is marked. 1 hcie aic often 
su])erficial al)S( esse s wliic h do not heal, and some conjunctivitis and ulcerative 
keratitis. Ma tinition js difticult, and the urine is thick. Sensibility is 
diminished, and jiaralysis comes on, due to softening of the cord, and in from 
two to eight t‘en months the animal dies. The disease is said to be always fatal. 

The above is the usual type of the disease, and may be called chronic 
doiirine, but in addition there is an acute type, in which the animal dies after 
the first stage from acute ])aralysis, which comes on suddenly a few days 
after the appearance of the eruption. 

The post-mortem lesions are in fhe spinal cord and the lymphatic glands. 
In the cord there is gelatinous exudation around the lumbar area, and cervical 
enlargement with intense chronic inflammation of the posterior .spinal ganglia, 
with degemiation of the j)erikar3n. and their as.sociated neurones, causing 
degeneration of tlie jjosterior roots and columns, as in tabes dorsalis. 

The gr('y matter of tlie cord also shows chrornolytic changes, with capillary 
hai^rnorrhages due to chronic inflammation. Mott .says that the infiltration 
and thickening of the septa of the cord, the infiltration of the nerve roots and 
the vessel walls with lymphocytes, is like a syphilitic meningitis. The mem- 
branes at the base of f lu* brain may also be affected, d'he lymphatic glands are 
enlarged, congested, and softened. The disease appears to begin by inocula- 
tion, and then to spread to the inguinal glands, and then to the pelvic lympha- 
tics, and from them (f) (he posterior lumbo-.sacral roots, and thus the cord 
becomes affected. Othc'r h*sions are gelatinous exudation under the skin, 
sei’ous C'ffnsions into the ])leural and ])eritoneal cavitic'S, wasting and pallor 
of muscles, with fatty degeneration and an interstitial keratitis. 

Genus Duttonella Chalmers, kjicS. 

Duttonella vivax Ziemann, 1905. 

Synonym. - Idyfa nosoma vivax Zicanann, 1905. 

This trypanosome was found by Ziemann in 1905 in the blood of cattle, 
sheep, and goats, suffering from ' souma ’ in the Cameroons. Morphologically 
it closely resembles T. cazalhoiii, but it differs in the following : — 

1 . Rats are susce])tible to 7 '. vivax, but not to T. cazalboui. 

2. Cross immunity experiments indicate distinct differences. 

Bruce's T. vivax is T . cazalboni , because rats arc not susceptible to Bruce's 
Uganda strain. It is possible that a strain allied to D. vivax has been found 
by Macfie in human blood {vide p. 4 30). 

The flagellate is very rapid in its movamients. A large kinetoniicleiis and 
char cytoplasm are present. It measures 1O-31X2-3 microns, and has its 
flagellum always free. It is pathogenic for eciuidae and ruminants. The 
d(*velopment is anterior in the tsetse-fly, being confined to the proboscis. 

Duttonella caprsB Kleine, 1910. 

Synonym. -Trypanosoma capree KTeine, 1910. 

Found in sick goats near Tanganyika, it is capable of passing through its 
cycle of development in G. morsitans in some nineteen days after infection. 
Development only lakes place in the proboscis. The final stage is in the 
hypopharynx, where the trypanosomes revert to the blood form and become 
infective. 

It is a heavily built trypanosome, with very rapid movements, measuring 
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1 8-32 X 1*75-4*25 microns, and having the flagellum always free. It is patho- 
genic for equidae and ruminants only. 

Duttonella unitormis Bruce, Hamerton, Bateman, and Mackay, 1911. 

Synonym. — Trypanosoma uniforme Bruce, Hamerton, Bateman, Mackie. 

It is very like T. cazalhoui, but smaller, and causes a very fatal disease in 
cattle. It is a small active trypanosome 16X i*5-2*5 microns, with the free 
part of the flagellum some 1-5 microns in length. There is no narrowing 
opposite the trop ho nucleus. It is spread by Glossina palpalis, which hecomos 
infective in twenty-seven to thirty-seven days. The development is anterior, 
being confined to the proboscis. 

Duttonella pecorum Bruce, Hamermn, Bateman, Mackie, 1910. 

Synonym. — T rypanosoma pecorum. 

This term probably includes I'rypa nosoma dimorphon , T. congolcnse, and 
T. confusum, Dr. Edington’s Zanzibar trypanosome, the trypanosomes from 
Chai-Chai and from Southern Rhodesia. 

It is found in cattle. It measures 80-180 microns, and is cajiable of 
passing through a cycle of development in G. movsitans, which be».omes 
infective after twenty days. Development takes place like T. simice first in 
the gut, then in the labial cavity, and finally in the hyjiopharynx, where it 
becomes infective. 

Duttonella simiae Bruce, Harvey, Hamerton, Davey, and I.ady Bruce, 1912. 

Synonym. — Trypanosoma ignoium Kinghorn and Yorke, 1902. 

It causes a rapidly fatal disease in monkeys and a chronic disease in goats, 
it is abundantly present in Glossina morsitans in Nyassaland and North- 
Eastern Rhodesia. It measures 14-24X1-2*75 microns, and is monomorphic. 
Its natural host ajipears to bo G. movsitans, and the monkey seems to bo a 
new host. 'I'he development is completed in the proboscis and hypopharynx. 

FORMS UNCLASSIFIABLE. 

Genus Trypanosoma scnst} lato. 

Group i : Part of the Flagellum always Free. 

They may be separated from one another according to the follow- 
ing scheme, based upon the invertebrate host, the patliogcnicity, 
and the scrum reactions : — 

A. No invertebrate host, spread directly from male to female 
by coitus : — 

Kinetonucleus near aflagcllar end and casily^seen. 
Habitat America — Hippictim, 

P>. Invertebrate host not a Glossina : — 

I. Kinetonucleus very insigniheant. Habitat, South 
America — Kqitin inv . 

II. Kinetonucleus ordinary. Parasite monomorpliic. 

Habitnt, various. Animal immune to C. evansi 
becomes infected with 1 \ iogolense and T. 
sondanense. 

(a) Animal immune to T. togolense, infective by C, 

evansi and T. soudanense — Togolense. 

(b) Animal immune to T, soudanense becomes infec- 

tive by C. evansi and T. togolense — Soudanense. 
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C. Invertebrate host a Glossina : — 

Rats refractory. Large forms, 24 microns — Cazaibom, 

D . Invertebrate host unknown : — 

I. Attacks horses: — 

(a) In Venezuela Venezuelense, 

{b) rnMorocco.separatedbycrossimmunity —Marocanttm. 

(c) In Algeria, separated by cross immunity— Berber um . 

11 . Attacks horses and cattle: — 

In Annam — Annamense. 

III. Attacks cattle: — 

In Italian Somaliland— OWL 

Trypanosoma equinum Vosges, 1901. 

Synonym, — T. clmassiani Lignieres. 

7 '. equinum, discovered by Elmassian, is Ihe cause of mal de caderas in 
borscs and dogs in South America. 

Morphology. — This parasite closely resembles T. hrucci and T. evansi. In 
length it is 22 lo 24 jn, and in breadth 1 -5 fx, and it has the same measurements 
in differen t species of animals. It is very active, but its principal characteristic 
is that the kinelonuclcus is very insignificant. 

Life-History. — Multiplication is by equal binary division. It agglomerates, 
and has been ( ultivated by Thomas and Breinl on a rabbit's blood and chicken- 
broth agar medium. 

11 can be inoculated info the ordinary laboratory animals. Its mode of 
proj)agafion is not well known, but Migorie has shown that it is the cause of a 
tlisease which kills the capybara {Hydrochofrus capyhava), which appears to be 
the reservoir for lh(‘ })arasite, as monkeys inoculated from a sick Hydrocheerus 
died in seventeen days. How the disease spreads from the Carpinchds [Hydro- 
chcBYus) lo the horses is not clear. Dogs may be infected by eating diseased 
animals, and then from the dog the infection may be spread to the horse b\^ 
fleas, because they have been found to infect rats. Some authorities consider 
that it may be spread by members of the Tabanidae (Chrysops ?) and by 
Stomoxys, but Neiva Has infected Triatoma injestans King, and its freces 
produced the disease in guinea-pigs when placed on the conjunctiva. 

Pathogenicity.— Mal de caderas is a very fatal disease among the horses of 
South America. The first sign of the disease is weakness, which makes rapid 
progress, though the appetite remains good. The temperature is febrile, and 
after a variable period the hind-quarters become paralyzed and the horse drags 
its hmbs, the hoofs scraping the ground. As it walks it staggers, the hind- 
quarters oscillating from right to left, which characteristic gives the disease 
its name of mal de caderas, the disease of the hind-quarters. In the stable 
it can support itself against the walls, but in the open air it staggers and falls. 

I here may be a.lbuminuria and haematuria, and an eruption on the neck 
hind-quarters. The eyelids show conjunctivitis and chemosis' 
the horse lives about two months after the j)aralysis sets in. 

Congestion and enlargement of the spleen and mesenteric glands are seen 
in post-mortems. 1 he kidneys are affected, nephritis and interstitial haemor- 
rhages being noted. I here are also serous exudations into the peritoneum 
the pleura, the pericardium, and the spinal ( anal. 

Trypanosoma soudanense Laveran, 1907. 

Type of Irypanosoma evansi causing tahaga in dromedaries in the Upper 
Niger, el dcEab in Southern Algeria, and the zousfana in horses in Southern 
Algeria. Carriers; Tabanidae. Yorke and Blacklock consider this to be the 
same as Castellanclla evansi. 

Trypanosoma togolense Mesnii and Brimont, 1909. 

Type of CastellaneUa evansi, parasitic in horses and cattle, and the cause of 
nagana in Togoland. 
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Trypanosoma (Duttonella) cazalboul Laveran, 1906. 

This organism, which should be placed in the genus Duttonella. was found 
by Cazalbou in 1904 in ‘ souma,’ a form of cattle trypanosomiasis in Upper 
Nigeria. The disease is known in West Africa, in Uganda, the French 
Congo, the Congo, and Rhodesia. It ahects cattle, horses, mules, and 
donkeys, the incubation being seven days and the disease acute, subacute, 
or chronic. Cattle may die in eight days, two months, or more than twelve 
months. It is monomorphic, 24 X 1*5-2 microns, with an oval trophonucleus 
situate about the middle of the body, and a spherical kinetonucleus lying 
near the aflagellar extremity. The undulating membrane is not markedly 
folded, and the flagellum always becomes free. In the vertebrate there is 
the usual longitudinal division. Trautmann records the successful inocula- 
tion of Cercopithecus patas. It may develop in G. palpalis, G. tachinoides, G. 
longipalpis, or G. morsitans, and may be directly conveyed by stomoxys. 
G. palpalis is the usual carrier. I'he development is anterior, being restricted 
to the proboscis. The first three carriers become infective in six to seven days, 
and G, morsitans in eight to ten days, but in Uganda it may require eleven to 
thirty-five days to become infective in a fly, which difference may be due to 
climate. In the proboscis the trypanosome passes through leptomonas or 
crithidial forms, and becomes attached to the walls of thelabrum and multiplies. 
Under the influence of the salivary secretion these forms become small, actively 
motile trypanosomes, which are the infective agent, and apparently remain 
in the fly for the remainder of its life. 

Trypanosoma hippicum Darling, 1910. 

This trypanosome causes a disease called murrina among mules, and was first 
described in some animals imported from the United States via New Orleans 
to Panama. The try])anosome resembles Castellanella evansi, being 18 to 28^14 
in length, with a wicith of 1*5 to 3 //. The trophonucleus is oval and median. 
The kinetonucleus, which is near the aflagellar end, is very easily seen, which 
is a characteristic feature of the parasite. The undulating membrane is not 
much folded. It divides longitudinally in the blood. It is spread by coitus, 
and can also be spread mechanically by species of Musca, Compsomyia, and 
Sarcophaga sucking wounds in Ihe diseased and the healthy. The essential 
pathology of murrina is an intoxication resulting in cellular degeneration and 
necrosis. These toxins produce endothclialysis, lymphocytosis, aiito-haema- 
gliitination, phagocytosis of erythrocytes and trypanosomes, hyperplasia of 
the spleen, bone-marrow, and lymph glands, and cellular exudations into the 
kidney, liver, etc. Owing to the destruction of the endothelium there is con- 
siderable amount of ecchymosis in various regions. 

Trypanosoma venezuelense Mesnil, 1910. 

Type of Castellanclla evansi^ and considered by Yorke and Blacklock to be 
identical. Attacks horses in Venezuela ; carrier unknown. 

Trypanosoma annamense Laveran, 191 1 . 

Type of Castellariella evansi ; causes disease in horses and cattle in Annam. 
Carriers; Tabanidse and Hippoboscidae. 

Trypanosoma cellii Marfoglio, 1911. 

This trypanosome is pathogenic lor cattle in Italian .Somaliland, causing a 
disease called ‘ gobiat.' Pathogenic lor dogs, rabbits, rats, and mice. 

In bovines there are the following types: — (i) Irregularly rounded, with 
short flagella inside some; (2) Leishmania-like forms ; (3) Trypanosomes. 

Trypanosoma marocanum Sergent, Lhcriticr, and Belleval, 1915 (1O-24X 1*5- 
2*5 microns), is the cause of a disea.se of horses at Ca.sablanca in Morocco. 
Morphologically it is identical with T. berberum, the cause of debab, but 
crossed immunity experiments separate it from this organism and from 7. 
equiperdum and T. soudanense. Laveran says that there are two tryj)anosoincs 
at work on Moroccan horses, one monomorphic and one polymorphic. 

Trypanosoma berberum Edmond and Et. Sergent, and Lh^ritier, 1912, is 
the cause of debab in Algerian horses. 
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Group 2 : No Part of the Flagellum Free. 

Trypanosoma congolense Broden, 1904. 

Synonyms. — According to Blacklock and Yorke, T. dimorphon (sensu 
Laveran and Mesnil) ; T. co^ijusuni (Montgomery and Kinghorn) ; T. pecorum 
(Bruce) ; T. nanuni (Laveran). 

This trypanosome cans(\s disease among horses, cattle, sheep, and drome, 
daries'in the French and Belgian Congos and in North-Fast Rhodesia. It is 
10 to 17 long and i to 2 broad. Carrier: Glossina morsitans, which is in- 
fective twenty-three days after a feed thereon. The alimentary canal is full 
of parasites, and tlie labriim contains the Leptomonas type, while the small 
infective try})anosomes are in the h^^opharynx. 

Trypanosoma dimorphon Laveran and Mesnil, 1904. 

'J liis ti yj)anosonie was disc overed by Dutton and d'odd in 1904 in horses 
on the Gambia, and is now knoAvn to exist in several parts of Africa, where 
perliaps wide eciuatorial belt across the continent is affected, ft is also 
found in cattle, dogs, pigs, sheep, and goats. 

Morphology. It exists in three forms; 

] . 1 adpolt’ i-orni. — Found in the early stage of the disease, it to 13 jii long 
and OM S jn broad. 



I'K}. 10^. — Trypanosoma dimorphon Laveran and Mksnil. 
(After Dutton and Todd.) 


2. Stumpy Seen when the disease is not too far advanced, and 

characterized by a short thick body and a short flagellum. Length 16 to 19 //, 
breadth 3*4 to 3’5 

3. Long Form. -With long thin body and long flagellum, found a few days 
before death. Length, 20 to 30 /z; breadth. i*() to 2 gi. 

These may be respcctix c-ly indifferent, female, and mah' forms of the paia- 
site, a view su])porled by Hindle. 

It has been cultivated, and it can be inoculated into rats, mice, guinea-pigs, 
and rabbits, as well as horses. 

Life-History. H indie’s obser\ations sliow that the indifferent forms give 
rise to latent l)odies or cysts which gather in the spleen, where they lie dormant 
for a time, and linally develop again in trypanosomes. It apparently can 
undergo development in Glossina palpalis, as Bruce and Liamerton have 
shown that it is a carrier, while Bouet and Roubaud liavc shown thatG. tachi- 
noides and G. longipalpis can al.so tran.smit the parasite as in G. mors Hans. 
The development is by multiplication in the intestine, and then in the form of 
Leptomonas or Crithidia in the proboscis, after which the fly becomes infective 
in about eighteen days from the date of tlie infective feed. 
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Pathogenicity. — The symptoms in the horse begin with loss of vigour, 
followed in two to three weeks by fever. During the next month the weakness 
is more marked and the abdomen swells, the testicles hang down and art', 
eedematous, the coat becomes staring, the animal looks apathetic, and death 
ensues in about a year. 

The post-mortem shows tjedema of the abdominal wall and a coloured fluid 
in the pleura and pericardium, with hypertrophy of the lymphatic glands, 
fatty liver, and congestion of the lungs. The spleen is normal. 

Trypanosoma irobeniusi Weissenbom, 1911. 

Allied to T. dimovphon and T. congolcnsc, and found in horses in Togoland. 

Trypanosoma nanum Laveran, 1905. 

Dallour in 1904 discovered this parasite in cattle, which appeared to be ill, 
on the While Nile. The parasites are small (lo to 14 //, by 1-5 to 2 fj), with no 
free flagellum, and arc non-pathogenic for dogs, rabbits, and monkeys. 
Amoeboid forms were found in the cerebro-spinal fluid. Duke in 1912 showed 
that it was transmitted by Glossina palpalis, in which it developed in the hind- 
gut, and from thenceforwards to the oesophagus, but did not infect the salivary 
glands. Development, according to Miss Robertson, takes place in G. palpalis, 
and is like CastcEanclla casiellanii, but with crithidial phase in proboscis, not in 
salivary glands. The parasite develops in the hind intestine and reaches the 
proventriculus on the twentieth day, and the proboscis on the twenty-fifth, 
where they become crithidial forms, and finally trypanosomes, which, however , 
may only be developed in the hypopharynx. 


Group 3: P.art op tup ]^"lagellum may or may not 

BE ]^T^EE. 

Trypanosoma pecaudi Laveran. 1907. 

In the ITencdi Sudan, in addition to m’bori and souiiia, there is a tliircl 
disease — baleri, in Tquidac — caused by T. pecaudi, with two forms like 
T. dimovphon — (i) long and slender (25 to 35/4 by 1*5 p,), (2) short and broad 
(14 to 20 p by 3 to 4 yu). Carriers: Glossina longipalpis, rarely G. palpalis 
and G. iachinotdes. 

The incubation in G. longipalpis is about twenty-three days. The trypano- 
somes multiply in the intestine, and in seven to nine days invade the whole 
intestine and pharynx. The parasites now eiter the proboscis and pass 
through crithidial and leptomonas stages. Finally, some reach the hypo- 
pharynx, where they assume the * salivary trypanosome form ' and become 
infective. 

LITTLE-KNOWN TRYPANOSOMES. 

Trypanosoma elephantis Bruce, Llamerton, and Mackie, 1909, has been found 
in the elephant in Uganda; it resembles T. soudanense. 

Trypanosoma ingens Bruce, Plamerton and Mackie, 1909, has been found 
in the reed buck and ox in Uganda; it is ox large size (72 to 122 phy 'j to 10 p ) . 

Trypanosoma giganteum Lingard was found twice in cattle suffering from 
sympioms similar to those found in surra. 

Trypanosoma bo vis Klcinc was found in sick cattle near langanyika. 


THE TRYPANOSOMES OF MAN. 

Tliero is evidence that man is infected with a variety of trypano- 
somes, tile number of which is likely to l)e increased in tlu‘ nt'ar 
future. Those described in man are 
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1. Trypanosoma gamhicnse Dutton, 1902. 

2. Trypanosoma casieUanii Kruse, 1903. 

3. Trypanosoma vivaxZiom^iim, 1905, varietas macficnsc. 

4. Trypanosoma cntzi Cliagas, 1909. 

5. Trypanosoma rliodesiense Stephens and Fantham, 1910. 

i). Trypanosoma nigenense Macfic, 1913* 

7. Trypanosoma gamhicnse varietas longmn Da Costa, St. Anna, 
Dos Santos, and Alvares, 1915- 

Wluai a classificalion is desired it is always lU'CC'Ssary to attempt 
to discover the characters of tlic original species, which in this case 
is T. gamhicnse Dutton, 1902. Sixteen years lia.ve passed since the 
slides containing tlu^ original siieciniens of Dutton and Todd wtu'e 
niade, and. thendore, as tlic original strain lias long been lost, the 
only nudliod of comparing other organisms witli tiu' original speci- 
mens is morpJiological. (dialmers and O’Farrell have made this 
comjiarison liy nusasiiring oik' tliousand non-divdding forms in the 
original slides. As far as measurements go, tliese strains are vtTy 
similar, ])ut, as we liavi^ rejxsatedly insisted, morphology often may 
not 1 k‘ 1]) in se])a.rating closely related but perhaps quite distinct 
sjiecies, which require^, to be studied serologically and with regard to 
animal ])a.thogenicity, and, in cases of human infection, with regard 
to the nature of the disease in man. Thus Stephens has pointed 
out tliad T , Icnnsi and T. rahinowilschi, T, hrucei and T. evansi, 2 \ 
pccanii and 7 '. n gander, T. rhodesiense and 2 \ pecan di are indis- 
tiiiguis!ia1)l(i moiphologically, but are distinct biologically. 

We lucuition (hese ])oiiits in order to make chair to the reader the 
necessity of conuparing humaii trypanosiunes by means of the clinical 
features of tin' disease in man, the serum reactions and animal 
e.xjnui 111 cuts, as well as by morphological characters, and we 
have; sugg(^sted lor years that the name T. gamhicnse covered a 
numbc'r ol diJfcac iit lorms. which at the present time is generally 
admitted with rc'gard to T. rhodesiense. And why not ? Are there 
not a^ uumbc'r of diifen'iit try])anosomcs in wild animals in Africa, 
and is it impossilile that man should from time to time become 
infected by oin; o( tliese. I'Ven if it does not appear in epidemic form 
in the human ra ce ? To exa'injlify we draw attention to an organism 
resembling T. vivax found by Machc in man. 

SirDavid Bruci'bL'lieves that [T .rhodesiense Stiiphens and Fantham, 
1910, is the same as T. hrucei Plimmer and Braclford, 1899, but this 
can hardly Ih' so, because Laveran and Nattan-Larrier liave im- 
munizi'd a rani against T . hrucei, and then infected it with 7'. rhodc- 
sienisc, an aciitel}' letlial infection ensuing. The serological experi- 
ments ol C haliiiers and O’Farrell in vitro and iii vivo also show 
the same marked diffi'iences between T. rhodesiemse and another 
posUsdi'r nucleate trypanosome. Thesis experinn'iits, to our mind, 
are more inijiortamt than measurements, and more inqiortant than 
finding tliat tlii' development in Glossina morsiians is very similar 
in both variants. T. rhodesiense may have been derived in recent 
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times from T. hrucei, but its altered environment in nuni lias 
changed its physiological characters. As the fly remains the same, 
one would expect this portion of the life-cycle to be similar in tlie 
two trypanosomes. 

We look upon T. nigeriense and T. gamhiensc var. longum as 
belonging to T. gamhiensc, because, apart from the morphological 
similarity, to which we do not assign importance, tlieir pathological 
action in man and the lower animaL'> a])pcars to be identical. 

As a result of these considerations, andclianging the names so as 
to agree with the new nomenclature, we recognizt^ the following 
parasites of man : — 

A. Belonging lo the genns ZastdlaneUa : — ■ 

1. Castellanella gamhiensis (Dutton. T()02). 

2. Casiellanella castellanii (Kruse, i()Og,). 

3. Castellanella rhodesiensis (Stephens and Fantham, kjio). 

B. Belonging to ihe genus Duttonclla - 

4. Diilionclla vivax (Ziemann, 1905), var. Macficnsis 

(Castellani and Ciia liners, 

C. Belonging to the genus Schizotrypanum 

5. Schizotrypanum cruzi Chagas, 1909. 

These five species may be differentiated as follows: — 

A. With schizogony — S. cruzi. 

B. Without schizogony: — • 

I. Monomorphic — D. vivax. 

1 1 . Polym orphic - 

[a) Posteriorly nucleate — C. rhodesiensis. 

(h) Not posteriorly nucleate: — 

1. Animal infections chronic and c- sn})arati\'ely 

mild. Common North-West Alrica — • 

C . gamhiensis. 

2. Animal infections severe. Common Ecpiatoria .1 

A f r ica — C . casiellanii . 


Castellanella gambiensis (Dutton, 1902). 

Usual old name T rypanosoma gamhiensc Dutton, 1902. 

Synonyms.— nepveni Sambon, 1903; T. hominis Manson, 1903; 
T. fordii Maxwell, 1903; T. nigeriense Mac lie, 1913; T. gamhiensc 
var. longum Da Costa, St. Anna, Dos Santos, and Alvares, 1915- 

Definition.— Castellanella withouL schizogony, polymorphic, tro- 
phonucleus not situate close to aflagellai end. Infections chionic. 

History. Thi s trypanosoiiKi was first noticed by Ford in a ease 

of peculiar fever on the Gambia. He showed the parasite to Dutton, 
who, recognizing it to be a trypanosome, described and named it ; 
and they considered it to be the cause of Gambia lev'ei, whieli \v<is 
never thought by them to be connected with sleeping siekiuss 
The organism had, however, been previously seen in the blood of 
man and imperfectly described by Nepveu. W e considei it to m 
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the same organism as that described by Scott Mac fie in 1913 
T. nigeriense. Yca'ke and Blacklock in 1915 consider that man 
is the chief reservoir of this parasite in Sierra Leone, where sleeping 



pjc;. 105. Castdlanella gamhiensis [Dutton, 1902). (x 1,200 Diameters.) 
Long lorni from the original Gambia fever ease (Mr. K.) discovered by 
Dutton. ( 1 ’holomicrograph .) 


sickiKss is V(iry clironic and difficult to recognize. A secondary 
H'servoir is in cattle. They record two cases with very mild 
sym])toms. Sartory, Lasseur, and Brissaud record C. gambiensis 



Pig. 106. — C a dellancUa gambimsis (Dutton, 1902). (X 1,200 Diameters.) 

Original Gambia sp(‘r,i mens from a rat inoculated from the second case of 
Gambia fever, showing polymorphism — i.e., long, intermediate, and short 
forms, 

tryjianosomiasis in a Frencli soldier who had left Africa for eiglit 
years, and liad nev(U' been in a tsetsc^-fly area. In Africa he lived 



I'lc. 107 . — CasicUanclJa gamhiensis (Dutton). Chart of Lengths, 

in Algi(‘rs, at El Golea, and went to Timimoun. Bagsliawe draws 
attention to Nc})veirs 1888 and 1890 observations, which have 
never been explained, 



CASTELLANELLA CASTELLAMII 


421 


Morphology. -It is a polymorphic trypanosome, and morphologi- 
cally does not differ essentially from C. castellanii, of wliich a 
detailed description is given below. 

Life-History. — This has not been fully studied, and it is iiot 
definitely known whether it takes place in Glossina palpalis or in 
some allied tsetse- fly. 

Serum Reactions. — ^These reactions require to be studied in detail. 

Pathogenicity.— It causes a form of sleeping sickness, which appar- 
ently is more chronic than that produced by C. castellanii, while th(^ 
symptoms are often less severe, though the termination is fatal 
without treatment, to which it appears to be more amenable. 

Castellanella castellanii (Kruse, 1903). 

Usual old name Trypanosoma castellanii Kruse, 1903. 

Synonym. — T. ugandense Castcllani, 1903. 

C. caslellanii was first seen in the ccrebro-spinal fluid of cases of 
sleeping sickne^ss by Castellani in 1902, and reported by him as 
the cause of the disease in 1903; he asserted 
also the probable plurality of species of the 
trypanosomes affecting man, in analogy to 
what takes place in the lower animals, such as 
horses and cattle. Bruce and Nabarro demon- 
strated the fact first suggested by Sam bon and 
Brumpt that it could be spread by a tsetse- fly, 

Glossina palpalis ; and Kleine has demonstrated 
that the transmission is not merely mechanical, 
but also takes place after a period during which 
the fly is non-inf ective, the deduction being 
that the trypanosome must undergo a develop- 
ment in the fly which acts as a true host. Finally 
Miss Robertson worked out the life-cycle in the 
tsetse-fly. 

Morphology. — C. Castellanii measures from 
14 to 33 in length and from 2 to 2-5 in 
brcadtli (l.averan and Mesnil give 17 to 28 fi 
in length and 1-4 to 2 [m in breadth); but, as 
already stated, it is very polymorphic, having 
short forms 14 to 20 medium forms 20 to 24 and long forms 
23 to 33 fA,. The anterior end is variabL and sometimes rounded; 
the kinetonuclcus is an oval body, behind which is often seen a 
vacuole. The trophonuclcus is oval in shape, and situated about 
the middle of the body, behind which there may be some chro- 
matic granules in the cytoplasm, which at the posterior end runs 
along the flagellum for a considerable distance. 

Asexual Reproduction. — The life-history of the parasite in the 
human body is not accurately known. It can often be obtained 
from the peripheral blood, but sometimes the most prolonged search 
fails to demonstrate it. It can then be found by puncturing the 





Fig. 108. — •Castella- 
nella castellanii 
(Kruse, 1903). 

The original trypa- 
nosome found by 
Castellani in the 
cercbro-spinal fluid of 
a case of sleeping 
sickness in Uganda. 
(Photomicrograph.) 
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enlarged lymphatic glands, by scarification of tlie eruption, or by 
puncture of the spinn.l canal, if the case is one of sleeping sickness. 

Salvin, Moore, and lln m] have, however, investigated the life- 
cycle in the rat, in wliicli, after inoculation, the parasites increase 
to a maximum in tlie ptaijiheral blood, and tJien decline gradually 
to nil, at wliicli tlu^y n'lnain for a period- — -the latent period and 
tluai increase again in numlx^rs and. rcaj^pear in the peripheral blood. 

Tlu'ir investigations give the following results: The parasite may 
grow lo a, fair size*. <a.n(l tlu'U divide into two by simple fission, and 
this may lx; Rgx^ated till the. blood is swarming with them. When 
tliis is th(‘ casia a relatively thick l)and, said by Swellengrcbel to be 
composed of melachromatic or volutiiu^ granules (axial filament), 
such as lliat ch'srribed liy Miss Robertson in T. rajee and by 
Prowazi k in T. Icwisi, grows from the kinetonucleus down the 
(aKloj)lasm till it leaclies or even passes the nucleus, or it may 
coil on ifsi If, but eventually is connected with the trophonucleus. 
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CLnlvlUtucUa casicUanii. Chart of I.FNcrnis. 


I'lie tryi)auosonu'S now decrease in numbers in the peripheral 
blood, and are found in tlu* lungs, spleen, and bone-marrow. In 
these organs tlu^ proto])lasm becomes detached from the periphery 
of th(^ nucUais, which lies in a ch^ar space. The nucleus contracts, 
and a largx; ch'ar vt^sicle forms in connection with it, and around 
both a. cytoplasmic slieath is fonned. The rest of the cell body 
now disintegrates, and the fiagelhmi with the kinetonucleus may 
b(^ S(H‘n lying didaclied. These bodies now become lodga^d in the 
S])l(a'n and bone-marrow, wheie tluw remain intact for a period of 
tca\ days or more- -thianigh the wliole of the negative or latent period 
when the tr3^panosom{'S are missing from the blood of the infected 
rat. Moore and Rreiul, therefore, call them latent bodies. They 
consist of a ilattent'd nucleus, containing a centrosome, and attached 
to a vesicle, the whole being surrounded by a ring of cytoplasm. 
This latent pliase has been confirmed by Fantham. 

Just before the reappearance of the trypanosomes in the peri- 
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Ccislcllanrlla casicllanii (Kruse, luo^). 
(Tairins found in tho corobro-spinal fluid.) 

The 
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lowcs 
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pheral blood the centrosome inside the nucleus divides, and the new 
centrosome, escaping from the nucleus, becomes the kinetonucleus, 
and lies in the cytoplasm, which has now increased in amount. The 
vesicle lias gradually disappeared. A new flagellum now appears, 
and gradually the latent body becomes a trypanosome. The 
rounded bodies with one or two nuclei, with or without the small 
flagella, are probably identical with the fornis found by Castellani 
several years ago in tlie cerebro-spinal fluid of cases of sleeping 
sickiK'Ss, and d(scri1)('d by liim under the term ‘ amceboid forms.’ 



Fig. ii \ .-—Ca^itrUanclla castcUanii, ' Life-Cycle. 

Reproduction in the Fly.- -Tlu^ researches of Kleine, Tiiute, Bruc( , 
Hamerton, Batenian, and Mackie have shown that, after ingc'stion 
at a correct period (as demonstrated by Miss Robertson), tlie try- 
panosomes enter the stomach of the fly, and in twenty-four hours 
lose their infectivity, as demonstrated by inoculation.^ According 
to Miss Robertson, the trypanosomes multiply in the postcaior part 
of the mid-gut. and after the tenth or twelfth day give rise to long 
forms which move forwards into the proventriculus between tlie 
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twelfth and twentieth day, after which they pass along the hypo- 
pharynx into the salivary glands. Here they become attached to 
the walls and are converted into critliidial forms, whicli divide, form- 
ing small trypanosonies similar to those found in the blood of tl;.; 
vertebrate. The salivary gland development requires two to five 
days before the fly becomes infective, which only hapj)cns in about 
8 per cent, of flies. The duration of the life-cycle in the % depends 
upon the air temperature. 

Vertebrate Reservoir. — Duke considers that he“,has proved th.T 
the Sitatunga antelope is a reservoir for this trypanosome, and 
considers tliat the infection of two boys working on the uninhabited 
islands of Victoria Nyanza and constantly exposed to bites of G 
palpalis is confirmatory. 

Pathogenicity. — It is the cause of one form of sleeping sickness. 

Castellanella rhodesiensis (Stephens and Fantham, 1910). 

Synonym. — Trypanosoma rhodesiensc Stepluais and Fantham, 1910. 

History. — In 1910 Stephens and Fantham advanced the view that 
the trypanosomes found in cases of sleei)ing sickness in the Luangeva 
Valley in Rhodesia belonged to a new species, because the tropho- 
nuclcus of a certain percentage of short forms was situate cither close 
to or even on the atiagellar side of the kinctonuclcus. This view 
is at the present time accepted by the majority of authorities, 
although there are some who maintain that it is a variety of C. Imtcei, 
in which similar forms have also been seen. The animal reactions 
of the new trypanosome were studied by Yorke in 1910, Bevan in 
1911, and more recently by other observers. In 1912 Kinghorn 
and Yorke showed that this trypanosome was transmissible by 
Glossina morsitans, in which it underwent development. They 
demonstrated that it occurred in waterbuck, hartebeest, impala, 
and wart-hogs, as well as in native dogs, and they further showed 
the importance of atmosplnuic temperature on the length of time 
required for the cycle of development in the fly. 

Morphology. — -C. rhodesiensis closely resembles C, castellanii in 
general appearance. It has a length varying from 12 to 31 fj,, 
with an average of 21*5 [i, and shows the usual pleomorphic 
forms — e.g., short stumpy forms varying from 13 to 21 in length; 
intermediate forms, 22 to 24 in length; and long, slender forms 
25 [j, or more in length. The most common arc the long, slender 
forms. The position of the troT^honuclcus is variable, but it is 
usually situate towards the aflagellar end of the parasite, and in 
the short stumpy forms is often close to the kinetonucleus, or even 
on its aflagellar side. 

Life-History. — [a) In the Vertebrate longitudinal division can 
take place as in C. castellanii. About the time that trypanosomes 
arc most numerous in the blood the researches of Fantham show 
that some forms in the lungs become converted into latent bodies 
by disintegration and loss of the flagellar end, followed by a migra- 
tion of the kinetonucleus towards the trophonuclcus, and a sub- 
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sequent casting off of the aflagellar end with the remains of the 
flagellum. The result of this posterior and anterior reduction in 
length is to produce a rounded body, with a trophonucleus and a 
kinetonucleus, wliich surrounds itself witli a capsule and forms the 
latent body or the post- flagellate stage of the life-cycle. These cysts 
are about 2 to 4 in diameter. 

After a. time tliese bodies become the pre flagellate stage, increase 
in size and lengtli. and eventually a flagellum grows out from tlie 
kinetonucleus and gives rise to the undulating membrane, and 
tlius again forms the usual flagellate stage. 

{!)) In the 1 nvertehrate.-^Aossina morsitans, wlien fed upon im 
fected animals, is capable of spreading the infection mechanically 
for about twenty-four hours, after wliich period it ceases to be 
infc.ctivca and remains non-iufe^tive for at h^ast fourteen days, 
after which about 5 per cent, of flies become again infective, wlum 
t]'yj)anosomes can be d(TOonstrat()d in its alimentary canal and in 
it-s salivary glands. 



i 

'■"n. 

112. Ca.nrllanrlla rhodrsiensis (Stephens and Fantiiam). 

(After vStepliens and r^antham.) 

I, Long narrow form; nucleus passing to allagellar end; 5, nucleus at 
the aflagellar end. 

Zoological Distribution. — As mentioned above, this parasite occurs 
not nu'Dily in man and doiiu'stic animals, but also in big game. 

Specificity.' -The question now arises, Is it a good sjiecies or not ? 
First of all, is it T. casictlanii ? 

(a) Seyo-Diagnosis.-—{i:.) Attachment experiments are very in- 
constant, and do not distiuguisli between the two. 

(2) Irypanol^^sis does not h(‘l]), being also inconstant. 

(3) f • caslcHann is resistant to human siuaim. rhodcsiensis is 
l(‘ss resistant. 

{b) ( rossed 1 vunujiity.- -\n animal having an immunity against 
( . cnslclliinu can bc' infected by ( . rhodesiensis. The reverse exjieri- 
iTumt has not yet bt'en conducted. 

VV(^ may therefore conclude that (\ casicllanii and C . rhodesiensis 
an' difh'rt'ut sp>ecics. 

Is (\ rhodesiensis a variety of C. hrucei ? The answc'r is No, 
because Laveran lias shown that animals immunized against 
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C. brucei arc susceptible to C, rhodesiensis . Is C. rhodesiensis a 
variety of T, pecaudi ? No, because the former is more virulent tha n 
the latter to animals, and because sleeping sickness is unknown in the 
region where ‘ baleri ’ is intense, and, finally, because an animal 
immunized against C . rhodesiensis is not immune against T. pecaudi. 

We may therefore conclude tliat C. rhodesiensis Stephens and 
Fantham, 1910, is a good species. 

Cultures. — -Thomson has cultured it witl) partial success on a 
modification of the Novy-McNeal-NiColle medium. 

Vertebrate Reservoir,— It is claimed that the larger game animals 
are the reservoir of this trypanosome. 

Pathogenicity. — -C, rhodesiensis is the cause of one form of sh'eping 
sickness. 


Schizotrypanum cruzi Cliagas, 1909. 
^yi\.Qriym,--d'rypanosoma cruzi Chagas, 1900. 

History.- —This trypanosome was discovertal hy Cliagas in tlui 
intestine of Lamtis nicgistus Burmeister in Brazil, and later it was 
found in the blood of a child suffering from irregular fever, jiro- 
gressive anaauia, and (ailargement of various groui)s of lymphatic 



Fig. 1 1 — Schizogony of Schizohy Ixiniim cruzi ('itacias. 

(Aftt‘r Chagas.) 

I. Mcrozoite in red blood cell; 2, j>arasiie totally enclosed in red cell, no 
flagellum or undulating membrane; 3-5. iiarasilcs partially enclosed in nal cell; 
6, 7, parasites in human blood; S-ir, parasites in the'; lungs of Callithrix; 
12, 13, initial forms of schizogony; 14, 15, schizogony in the lungs of Callithrix. 

glands. The trypanosome was characterized by the presence of a 
la,rge kinetonuclcais, and by the iacility with which it could b(^ 
cultivated on blood agar, in 1910-11 Chagas published a scaies 
()[ ])apers upon the life-history of the pa.rasite and the symptoma- 
tology of the disease which it ])roduces. In iqii Vianna studied 
the pathological aaiatomy, while further studies on tlui parasite 
were made by Brumpt, Marlin Mayer. Rocha-Lima, and olliem. ^ 
Morphology. — In the peripheral blood of man ,s\ cruzi appeaas m 
two forms — either free or in the red blood-corpuscles. 
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The free forms arc also differentiated into two forms— viz., one 
with a large egg-shaped kinetonucleus, with a chromatic appendage, 
and with an oval or hand-like trophomich us with a oentrosome. 
The flagellum starts from the kinetonucleus or from its chromatic 
appendage. 

In the second free form the kinetonucleus is round and smaller 
than the first, and has, as a rule, no chromatic appendage. This 
form is broader tlian the one previously described. Whether this 
is a S(ixual diff(ir(nitiation or not is unknown. 

The intraglobulnr forms may be completely or partially enclosed 
in the red cell, or merely attach(Kl by the aflagellar end. 

Measuniments of these forms were not originally given by Chagas, 
but it would appear as though the average length was 20 fi, with a 
certain amount of variation. 

Life-History — Schizogony. — 5 . cruzi is remarkable in that it is 
not known to undergo longitudinal division either in the peripheral 

blood or the internal organs of its Host. 
According to Chagas, th(ire is a regular 
cyclic development, the parasite entering 
tile capillaries of the lungs, where it loses 
its flagellum and undulating membrane, 
while the trophonucleus moves nearer 
the flagellar end, and the whole parasite 
becomes curved, first into a half-moon, 
and finally so much that the two ends 
fuse, forming a ring and flnall}^ a disc. 
In some instances the kinetonucleus dis- 
appears. while in others it fuses with the 
troplionucleus, after which the nucleus 
divides into eight, and eventually gives 
rise to eight merozoites lying inside tlie 
perix)last, which acts like a cyst wall. 
The merozoites with kinetonuclci are con- 
sidered to be microganietes, and those without kinetonuclei to be 
macroganuites. The nna'ozoites escax)e from the periplast wall 
and, entering the red blood cells, become flagellates, and, 
finally leaving the red cell, become free in the liquor sanguinis, 
tims completing the cycle of gametogony, or differentiation and 
multiplication of gameti^s. 

A.gamogony, or asexual reinoduction, takes place in the cells of 
various organs — -i.c., in hy})ertro])iiied endothelial cells in the lungs, 
in the cardiac muscle, in tlie neuroglia of the central nervous system, 
and in strix)ed inusche In these situations the parasite ax)poars 
as a rounded body with trophonucleus and kinetonucleus, but with- 
out flagellum or undulating membrane. Agamogony increases the 
numlx'r oi j^arasites in the host, and is responsible fordhe production 
of the symptoms, while gamc^togony differentiates the sexual forms, 
and presumably lays the basis for the infection of the invertcbrale 
host. This form of development is confirmed by Brunipt, 



Flea 1 l 1- TKANSViCl^SE 

Section of a STRiAiEi) 
Muscle, containinc. 5. 
cruzi ClIACiAS IN THE 
CeNTI^AL POK'L'ION. 

(X i,3(xn) 

(After ViaiUKi.) 
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In the Invertehraie . — Tlio further development takes place in the 
bug Lamas megistus {Triatoma megista) and allied forms, in which 
Chagas notes two forms of development; the first is considered to be 
sexual, and the second to be asexual. 

The sexual method is as follows; — In about six hours afte^ tlie 
ingestion of blood the kinetonucleus moves close to the troplio- 
nucleus, with which it possibly blends; tiie flagellum and undulating 



Fig. 115. — Schizoirypamini evuzi Chagas: Developmknt in Lanins megistus 

( Tfia ioma megista ) . 

(After Chagas.) 

1-6, Forms found in the mid-gut of Lamus megistus; 7, flagellate forms 
found in the posterior gut of L. megistus. 

membrane are now usually lost, but some forms retain the flagellum. 
The parasite now becomes rounded, and multiplies rapidly by divi- 
sion, but after this has ceased it becomes pear-shaped, develops a 
flagellum, and becomes a crithidial form, and then passes into the 
cylindrical portion of the intestine, in which it can be seen in about 
twenty-five hours after the ingestion of blood. These critliidial 
forms can also be found in the rectum and in the faeces. The final 



Fic. 116. — ScMzotvypanum cruzi Chagas. 

(After Chagas.) 

Forms found in the salivary glands of Lamus megistus (Triatoma megista). 

stage is a small trypaniform type — i.c., long, slim forms, witli band- 
like trophonucleus and large kinetonucleus. These are found in 
the hind-gut in the body cavity,_ and in the salivary glands, and 
are the forms by which the parasite is transmitted to a new verte- 
brate host. The development in the bug requires at least eight days 
for its completion. 

The asexual mctliod is a constant process, and resembles the 
growth seen in artificial cultures, and is a simple multiplication, 
giving rise to crithidial forms which are found principally in the 
hind-gut. 
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Brumpt finds that tlie parasite lives well in Clinocoris lectularius, 
C. Totundaius, Cltnocoris hoiicLi, and Ornithodorus moiibdta. His 
account of the cycle of development is as follows : — Starting with the 
trypanosome in the posterior part of the intestine, when this is 
inoculated into the vertebrate, it enters the cells of the body, and 
becomes L('ishmania-like l)odies, which eventually develop into 
free-swimming trypanosornc^s, from which the form capable of 
continuing the infection in the vertebrate or invertebrate is pro- 
duced. In the invce tc'brate these become crithidia-like forms, and 
(Weiitua.lly tryjianosoiiKiS capabk^ of infecting vertebrates, and thus 
c()m])leting the cycle of life-history. 

Brurii])! and Gonza. 1 ez-Lugo have found tlie parasite in the fmees 
of Rliodnius Imdixus two months after inhahion. Triatoma viUiceps 
and 7 '. diinUiuaia are also carri(irs, as is T. sordida Stal and Rhipi- 
ce phaUis ^an<^nineus . 

Culture.- - 5 . critzi is easily cultivated ii])on tlie Nov"y-McN(ial 
nu'dium, wIkui tlie iirst changes bc^gin in about six hours, and closely 
r(‘S('ml)l(' tiicse alrt'ady described in the bug. 

Pathogenicity.- -I'wo to three da..ys after an infective feed the 
lai'C'c of Laiiius cease to b(^ infective to vertebrates, and first 
become so on tlu^ f;ighth to tlic^ tenth day, after which they remain 
infective for a long period. TIk^ parasit(^s so introduced into man 
gi\a^ rise to Aima'ican trypanosomiasis. 

Reduction in Virulence.- - 5 . ernzi, when repeatedly passed through 
animals of the same si)eci(;s, become weakened in virulence, but 
regadn tliis wheri Irajisiiiittial to a fresh specic^s. 

Infectivity.- 1 he infecti'd monkey is infective for the bug, while 
tlu‘ infech'd guiiica-jiig is not. 

Duttonella vivax Ziemann, 1905, var. maefiensis. 

Synonym. — 'Trypanosoma vivax (Ziiariann, 1905) pro parlc. 

In 1917 Alaciie descrilied a, monomorphic trypanosome very 
closely K'Sc'iubling 7 \ vivax, but slightly smaller, witJi the crest in 
curv('S of nieasuRMiKaits at 2 T iiistiaid of at 23 microns. It is said 
to be intt'riiu‘di ite betwecui 7 '. unifonne and 7 '. vivax. 

It was lound m tlie blood of a man suffering from trypanosomiasis 
on the (fold Coast, wlaae T. vivax is common in the humjibacki’d 
cattk' at Accra . Thi' maximum length wa.s 2 j\ microns, the minimum 

microns. a.nd the avt'rage 20 *7 microns. 

It ismonomor])]iic, with abru])t narrowing of the body immediately 
anterior to the t rophonucleu ’fhe posterior (aflagellar) end is blunt, 
and the largi^ roiindt'd kiuetonucleus is ti'rminal or nearly so. The 
undulating mi'inbrane is narrow, and there is always a long free 
flagellum. 

Castellanella nigeriensis Maclie, 1913. 

'J hi.s tr}'|)ano.so]iic lound in c a.scs ot liiiman trypa.no.somjasis from the 
Kkel distii( 1 of Sonllurn ISigeria, by Maclie, wliere if was common in young 
])coi)le. 11 a]a)ears U) gi\'(‘ rise to a nol verv virulcnl, non-epidemic form of 
lr\’panosomiasis. 11 i.s ])olymorj)liic, and in our opinion is the .same jmrasile 
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as the original C. gamhiensis, of which it appears to be incrLly a variant. We 
have placed it as a synonym of C. gamhiensis. 

Castellanella lanfranchii Lanfranchi, 1915. 

It approximates to C. evansi, and is the organism with which Lanfranchi 
accidentally inoculated himself. As regards precipitating and compknidit 
fixation ])Ower is very similar to C. evansi, but as regards trypanolytic action 
of the serum it ajiproximates more C. casfcllanii. 

APPENDIX: INCERIbP: SEDIS. 

In this addendum to the Trypanosomida vve include the genus Leucocytozodn 
and the Spirochastacea. With regard to the former — Leucoc ytozodn Danilewsky, 
1889 — a number sjiecies liav' been described of which the lite-history is 
but imperfectly known, except in the case of A. zicmarnii , which has been 
studied by Schaudinn, and partly in L. lovati, whi('h has been carefully studii'd 
byFantham. They arc only definitely known to occur in birds, and must be 
distinguished from the 11 aemogregarines of mammals. 

Leucocytozobn Danilcw.sky, 1889. 

Synonyms. — Hccmamceha Ivaveran, 1903; Spirocherta vSehaudinn, 190,1; 
Try panomorpha Woodcock, 1906. 

The leucocytozoa were first described by Danilewskv between i88.j and 
1886 in the blood of the wood-owl [Syrnicum aluco) and other Strigldie. 



Eio. 117 .- — Lcucocytozoon damlewshyi Ztemann. 

(After Schaudinn.) 

Erom the left to the right, a rnacrogametocyte free, same attached to a 
blood cell, same enclosed in a blood cell; a free microgainctocyte, same 
enclosed in a blood cell. 

He described them as .spherical or o' :il. slightly granular bodies contained 
in a delicate transparent homogeneous capsule, which possessed a large 
elongated nucleus, compressed in the middle, and broadened at the ex- 
tremities. This capsule he believed to be a degenerated leucocyte, but latir 
he held it to be an c'rythrocyte. lie also describ(‘.d macrogametes and motile 
ookinetes, and later he described the microgametocytes. In 1893 Sakharolf 
confirmed these observations and dcscril)cd new sjaecies in ravens, rooks, aiul 
magpies. In 1895 Theobald Smith discovered a leucocytozobn in Mcleagns 
gallapavo domcstica (the turkey); and in 1898 Ziemann described anolhei' 
specimen in Glaiicidiuni noctiue (the little owl) from Crema, in Italy. In 19(^2 
and 1903 l^avcran described forms in birds with mixed infections, and stated 
that he" considered that they were contained in red blood cells. In 1904 
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Berestneff described several lorms in owls, ravens, and magpies, but noted 
that they were in leucocytes ; and in the same year came Schaudinn's paper 
on the development of Lcucocytozodn ziemanni, which is given in detail later on. 
The Sergents, in studying the parasite in the little owl in Algeria, supported 
Schaudinn. In 1905 Laveran and Lucet studied Theobald Smith's parasite, 
and concluded that it was enclosed in a leucocyte. In 1906 Ne^ave described 
a parasite in Numidia ptilorhynca; and in 1907 Sambon and Seligmann 
described one in Lagopvis scoticn s liha red grouse); and Dutton, Todd, and 
Tobey another in Asturimda ynoiiogrammica (the Congo grey hawk); and 
lastly Sambon has i cvi(‘wed the whole genus in a. singularly able manner, and 
has descril)ed s])ecies from the capercailzie [Tetrao mogallus) and the pheasant 
{Phasiamts colchicus). Jm])orta.nt work has been done l)y lAintham, who 
demonstrated a. s( Jiizogony in L. lovati Sambon and Seligmann, 19(^7. E. H. 
]\oss lias suggested that Kurlotf's bcjdies may be Leucocytozoa, and may 
])roduce s])iroch.'ete-]ik(‘ organisms. 


Leucocytozobn danilewskyi Ziemami, 1898. 

Synonyms. -7/^5? zicniauni Laveran, 1902; Spirochada ziemanni 
Schaudinn, 1904; Plasmodium ziemanni Blanchard, 1903; Leucocylozodn 



J'lG. 1 18.— In'j KACini.iJj.AR Form of Lcucocytuzoon lovati. 
(After Sambon.) 



Fig. 1 19. — iNTKAc'FM.ui.AK Microgamktocyte of Leiicocvtozoon lovati. 
(.\jt(‘r Seligmann and Sambon.) 



Fig. 120. — Intracellular jMacrocametocyte of Leucocytozoon lovati. 
(After Seligmann and Sambon.) 


ztemanm Liilie, I9(K). L. da nilcivskvii^ionwd as a parasite in the haematoblasts 
(or, according to other authors, in the leucocytes) of the little owl, Claucidium 
nooiucB (A thene noctues Retz), and the wood -owl, Syrnicuni aluco L. 

The liistory of the life-cycle, according to Schaudinn, may be begun with 
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the biting of the owl by Culex pipiens L., and the sucking of blood containintr 
micro- and macro-gametocytcs. ° 

Microgametocyte.— 'rhc microgame tocyte may attain dimensions much 
larger than a leucocyte, and exists in the blood of the owl in two conditions* 
( I ) a free active stage in the liquor sanguinis ; {2) endocellular resting stage in a 
blood cell ; and, later, when the parasite has become too large m penetrate a host 
cell, free in the blood stream. In this condition the parasite may engulf the 
cells which formerly served it for food and shelter. 

(i) l^vee Active Stage, ihis is the trypanosome stage (7 . ziemanni) . Tlie 
anterior end is sharp-pointed, with a kinetonucleus just at its base, from 
wliich the flagellum arises, passing posteriorly along the body and projecting 
some distance from the posterior end. There is a well-defined undulating 
membrane, with sixteen myonemes arranged in four double rows or pairs on 
each side. Ihc trophonucleus is well developed, and situate near the centre 
of the trypanosome. 



Fig . 121 . — Leucocytozoon dan i lewskyi 
Zikmann; Microgametr. 

(After Schaudinn.) 


Fig. 1 ' 22 .~ Leucocytozoim dani- 
Unvskyi Zirmann: Macro- 
gam etr. 

(After Schaudinn.) 



Fig. 12 V — heiicocyiozodn danilewskyi Zirmann: The Development of the 
Ookinete and the F^okmation of Small Trypaniform Bodies. 

(After Schaudinn.) 

(2) Endocellular Besting Stage .— the intracellular stage the parasite is 
quite spindle-shaped, the ends being composed of ectoplasm, while the 
endoplasm forms a dark oval central mass containing the trophonucleus, close 
to which the kinetonucleus is situated The flagellum has disappeared, but 
the myonemes of the ectoplasm can stiu be seen. 

Macrogametocyte.— This has also two stages — (i) free, (2) endocellular. 

(1) J^'ree Active Stage . — The free stage differs from the microgametocyte in 
being larger, in having no free projection of the flagellum, and in having 
smaller tropho- and kineto-nuclei, and in the myonemes not being arranged 
in pairs. 

(2) Resting Stage . — This differs from the microgametocyte in being large, 
with smaller nuclei. 

These gametocytes, called ‘ leucocytozoon ’ by Danilewsky and ‘ haem- 
amoeba * by Laveran, being found in the peripheral blood of the owl, arc sucked 
into the stomach of Culex pipiens, and then proceed to conjugation. 
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Mierogamete. — The microgametocyte escapes from the capsule-like peri- 
plast, and its nucleus breaks up into eight double chromosomes, which are 
reduced to eight single chromosomes. These travel to the periphery, and 
form microgametes in the manner described for HcBmoproieus noctucB, micro- 
gametes which they are said to resemble. 

Macrogamete.- — The macrogametocyte escapes from its enclosing cell, and 
the process of development of the macrogamete is the same as in HcBmo- 
proteus. 

Fertilization. — This is the same as in HcBmoproieus. 

Odkinete. — There are the same three kinds of ookinetes as in HcBmoproieus — 
viz., the indifferent, the male, the female. 

The ookinete, however, differs by growing in size and multiplication of its 
nuclei, and at the same time coiling upon itself so as to form a skein. This 
skein contains a large number of nuclei uniformly distributed. 

Around each of fhese, small portions of protoplasm gather, and become 
finally separated off, to form small indifferent trypanosomes in the case of 
the indifferent ookinete, male trypanosomes from the male ookinete, female 
trypanosomes fi'om the female ookinete. A large mass of residual protoplasm 
is left. 

These trypanosomes, especially the male, are very minute, and reproduce 
by longitudinal division, during which they do not separate at once, but 
remain aUached posteriorly. Couples attached to one another may extend 
into the same straight line, thus giving rise to a spirochacte-like form, and 
while in this position may undergo longitudinal division. The spirochaete 
forms may become pear-shaped resting forms. 

In the Owl. — On entering into the owl, the indifferent forms pass through 
alternate endoccllular and free stages. In the former there is growth, and 
in the latter there is division into smaller forms. After some time micro- and 
macro-gametocytes are formed in increasing numbers. 

This life-history has been doubted, but Sambon has seen forms in which 
a coiled trypanosome body can be detected in the blood cells. 

The Enclosing Cell.— d'here has been great doubt as to the character of the 
body enclosing a icncocytozoon. 

1. Ziemann, Schaudinn, Dutton, Todd, and Tobey believe that it is a 
portion of the ])a]'asile itst-lf- i.c., the periplast — and that it may enclose a 
red blood cell. 

2. Danilewsky considers it to be a leucocyte, but derived his red cells from 
leucocytes. In considering it to be a leucocyte, he is supported by Laveran, 
Lucet, Sakharoff, and licrestneff, and most recent observers. 

3. Laveran in his earlier observations believes it to be a red cell, and this 
Sambon supports, as do Keysselitz and Mayer. 

It may be taken to be a much-enlarged dehaemoglobinized haematoblast 
or red cell, the spindle shape of which may be explained by the fusiform 
shape of the haematoblasts, and by the pseudopodia of the young parasites 
protruding into the long ends of the host cell. When the parasite t ontracts, 
these ends shi'ivel up, giving rise to the usual appearance. 

The Spirochaetes. — At first Schaudinn, after tracing out the life-history 
described above, thought that all spirochaetes would be found to be allied to 
true trypanosomes; but in 1905 he stated that the spirochaete-like forms which 
he found in the little owl were far removed from true spirochaptes, and that 
the relationship was only phylogenetic, and very distant at that. 

E. H. Ross has brought evidence to show that Kurloff’s bodies (i.e., 
clear spherical vacuoles in the large lymphocytes of guinea-pigs) are 
intracorpuscular stages in the life-history of a Leucocytozoon {Lymphocyto- 
zoihi cohaycB E. H. Ross, 1912) wliich ultimately give rise to spirochaete-like 
bodies, the development of wliich he traces, and which he considers to be 
the gametes . Later he and McDonagh d escribed a similar origin lor Treponema 
pallidum. 

Recent work has tended to confirm the doubts thrown on Schaudinn’s 
work, but the general appearance of a Leucocytozoon in its cell is sometimes 
remarkably similar to a trypanosome. It is possible that there may be 
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different parasites confused under the term Lencocytozodn. and their life- 
histones may be different, as Fantham’s work, presently to be described, is 
opposed to Schaudinn's work. 

Leucocytozo'dn lovati Sambon and Seligmann, 1907. 

This leucocytozoon was discovered by Sambon and Seligmann in the red 
grouse {Lagopus scoticus), and has been recently restudied by Fantham: 
The microgametocyte and macrogametocyte are depicted in Figs. 119 and 120 
432, and were till recently the only forms known, but Fantham has now 
found the schizonts, and described the process of schizogony. 

Sporogony. — The microgametocytes measure 1 3 to 1 7 ^ in length by 6 to 1 2 /^ 
in breadth, and possess hyaline pale staining cytoplasm with a large, rather 
granular nucleus. The macrogametocyte measures 14 to 20 fi in length by 
10 to 16 ^ in breadth, and has a granular somewhat alveolar cytoplasm with 
a central nucleus vvith a karyosome. Their further development is unknown, 
but Fantham has found vcrmicules in Ornithomyia lagopodis, the grouse-fly, 
which may be the agent of transmission. 

Schizogony. — The schizont is found in the spleen in cells which they almost 
fill and absorb, and which they do not elongate in the way in which the game- 
tocytes deform their host cells. The schizont measures 1 1 to 14 ^ by 8 to 11/2, 
and is therefore of an oval shape, with a nucleus resembling that of the micro- 
gametocyte, and a cytoplasm like that of the macrogametocyte. 

The nucleus divides by rapid binary fission into some 12 to 20 small nuclei 
and then the cytoplasm divides, giving rise to 12 to 20 mcrozoites, which are 
small vermicules measuring 7 to 8 7^ by i to i*5 7^. There is some residual 
cytoplasm after division. The merozoites now escape from the parasite and 
cell, and for a very brief period become free, swimming in the liquor san- 
guinis, and then quickly re-enter leucocytes or immature erythrocytes, and 
ultimately differentiate into gametocytes or schizonts. 

Remarks, — This process of schizogony may explain the periodical increase in 
the gametocytes in the blood noted by Mathis and Legcr in L. caullevyi in 
Tonkin. Fantham very carefully points out that the above life-history may 
not take jflace in all Lcucocytozoida?, but, notwithstanding this, Fantham 's 
results do not support Schaudinn’s researches. 

Species. — Some of the species described are: Leucocytozoon inajoris Laveran, 
1902, in the great tit {Pavus major): L. sakharoffi Sambon, 1908, in the raven 
{Corvus corax ) ; L. berestneffi Sambon, 1908, in the magpie {Pica pica ) ; L. dani- 
lewskyi Ziemann, 1898, in the little owl (Athene noctuce ) ; L. ioddi Sambon, 1907, 
in the Congo grey hawk (A sturinula monogrammica ) ; L. mansoni Sambon, 1908, 
in the capercailzie (Tetrao urogallus) ; L. lovaH Sambon and Seligmann, in the 
red grouse (Lagopus scoticus)', L. macleani Sambon, 1908, in the common 
pheasant (Phasiamis colchicus)) L. smithi Laveran and Lucet, 1905, in the 
domestic turkey (Meleagris gallopavo domestica) ; L. ncavi Balfour, 1906, in the 
Abyssinian guinea-fowl (Numidia ptilorhynca) ] L. caulleryi Mathis and Leger, 
19T1, L. sabrazesi in Callus fervugint us ; L, martini Mathis and L6gcr in Pavo 
cristaius : L. marchouxi Mathis and Leger in Turtur hiimilis,^nd L. leboeufi 
Mathis and L6ger in Querquedula crecca. 


Spirochaetacea I'antham, 1908. 

Synonyms.— Proflagellata Doflciii; Spiroschandinnidce vSambon, 
1907; Spirofiagellata Krzysztalowicz and Siedlccki, 1907. 

Definition. — Plasmodromata, generally parasitic, in form narrow. 
Wavy, and thread-like, with or without an undulating membrane. 
The cytoplasm is divided into endoplasm and ectoplasm, and is 
bounded by a flexible, chitinous periplast. The nucleus consists of 
a spiral achromatic filament, on which are arranged transverse bars 
or rodlcts of deeply staining chromatin. 
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Remarks. — The Spirocliaetacca arc closely related to the 
cleata, and especially to the Trypanosomidae. 

The Treponemata are joined to the spirochaetes because of tlieir 
general resemblance, though it must be admitted that no nucleus 
of the nature of the spirocluete nucleus has yet been described, and 
the spirals are apparently not due to movement. 

The Spirochaetacea are potent factors in the production of disease, 
for 5. rccurreniis is the cause of one type of relapsing fever, S. cartcri 
of another, S. duttoni of another, and S. novyi of yet another, while 
the Treponemata arc tlie cause of sypliilis and yaws. 

The Spirochcetacea may be divided into two families: — 

1. With undulating membrane: SpirochcTctida:. 

2. Without undulating membrane: Treponcmidae. 

SpirochaetidaB Ehrcnberg, 1883. 

Definition. -Sj)iroctuntacea witji an undulating membrane. Body 
may be ril)l)ou-shap(xl on transverse section. 

Type Species . — Spirochceta plicaiilis FAircnbcrg, 1833. 

Remarks, -d'ln^ix) is a difference of opinion as to whether these 
organisms are protozoa or bacteria. At first they were universally 
regarded as bacteria, but in 1904 Schaudiim’s paper on the leuco- 
cytozoon in the little owl indicated that this body, after fertiliza- 
tion in tile gut of (bilex pipiens and subsequent asexual division, 
produced a largr^ number of minute forms which he at the time 
considcu'ed to be spiroclu'etes, and he further concluded that in all 
probability all si)ir()cha:tes Were stages in the life-history of inlra- 
eellular parasite's. In 1905, however, he came to the conclusion that 
the spirochccb; forms which he had seen develop from T. ziemanni 
were trypanosomes. In fact, there is one great point of difference 
— the forms which he described possess a distinctly consolidated 
nucleus, whereas spirochaetes do not. After this the view that 
spiroclh'etes were bacteria was revived, particularly by Novy and 
Knapp, on the following grounds: — - 

1. Absence of trophonucleus. 

2. Transverse division. 

3. Rapid multiplication. 

4. Absence of plasm olysis with distilled water. 

5. Persistcaiee of form wlum acted upon by heat. 

0. The production of active immunity. 

7. The absence of aerotropism — i.e,, the tendency to mass round 
a bubble of air. 

- Dobell, as a result of liis prolonged inquiries, ca e to the con- 
clusion that they are Schiophyta (bacteria + Cyanophycefe), and 
not protozoa. He also concludes that they belong to the bacteria, 
and probably constitute a group of tlie same systematic status as 
the cocci, the bacilli, and the spirilla. 

On the other hand, there is a growing feeling among biologists that 
spirochaetes are really protozoa — e.g., Doflein, Minchin, Sambon, 
Nuttall, Fantham, and KrzysztaloWicz and Sisdlecki. Fantham 
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points out that the strongest arguments in favour of their being 
bacteria are: — 

1. Diffuse character of nucleus somewhat WkeBacilhis biitscMlii\ 

2. The possible occurrence of transverse fission. 

3. The absence of a typical kinetonucleus. 

While the points in favour of their belonging to the protozoa are: 

1. The possession of an undulating membrane. 

2. The occurrence of longitudinal division (denied by Schcllach). 

3. The non-plasmolysis. 

4. Difficulty to find artificial media on which they can grow. 

Wc consider that they are protozoa, and, further, that they are 
related to the +^ypanosom( s. Spirochaetes arc, however, distinctly 
peculiar, particularly with regard to their diffuse nucleus; but 
there appe^ars to be almost a series from the diffuses nucleus of tl]e 
bacteria through the achromatic spiral, with its attachc'd cliromo- 
somes of tlie spirochaetes, to the condensed nuchms of the higher 
protozoa. vSchellacIi derives them phylogenetically from the oscilla- 
toT'v cyanophecs, genus Spirulina. 

Morphology. — Spirochaetes vary much in size, from Spiroschau- 
dinnia reciirrentis, which is 8 in length, to Cridispiva halhianii, 
which may be 150 jjb in length and 2 to 3 ft in thickness. The type 
species Spirochceta plicatilis was found in muddy water by Ehrcn- 
berg in 1833, by Schaudinn in 1905 to possess an 

undulating membrane. Sambon, however, considers that this so- 
called type species is quite different from 5 . recurrentis, and should be 
placed in a different group therefrom. The most carefully studied 
types are Cristispira halhianii Certes, 1882, found in oysters, and 
Cristispira anodontce Keysselitz, 1906, emended Schellach, 1909, both 
of which ha\'e been the subject of research by Fantham, Whose results 
arc here followed. These organisms are long, Wavy, and thread- 
like, composed of cytoplasm, which can be differentiated into an 
('ctoplasm, which is generally converted into a. thin, flexible, chitin- 
ous membrane, the periplast. This is continued laterally into a 
spirally arranged membrane, the crista, containing longitudinally 
arranged fibrilkne, and having a thickened border composed of 
chromatin. The longitudinal fibrillai are composed of eight to nine 
principal and numerous secondary fibrillai, which are contractile, 
and are called ‘ the myoneme fibrillae ’ (Fig. 124). The membrane, 
or crista, which does not markedly undulate, helps in locomotion, 
which is rapid, and takes pla-oe bv a wave-like flexion of the body, 
which causes forward movement, and a corkscrew motion, produced 
by the spiral winding of the membrane, enabling the parasite to bore 
its way through the debris amidst which it may b(^ living. A spiro- 
chsete can move backwards or forwards indifferently. 

The endoplasm is slightly more granular than the ectoplasm, and 
contains a diffuse nucleus, which appears to consist of an achromatic 
filament wnth bars of chromatin. 

In addition to this nucleus there is a dot of chromatin (basal 
granules) at each end of the periplast in C. halhianii, and only at one 
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end in C. anodontce ; in the latter a short, stiff process of periplast 
projects from it, whicli is considered by some observers to be a 
flagellum. 
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Fig. 124. — SpiRocH^ffiTES, 

I, Cristispira'anodontcB, showing the undulating membrane and chromatic 
bars (after Fantham, Quarterly Journal of Microscopical Science)] 2, C. balbi- 
anii, showing fibrillae in undulating membrane (after Fantham); 3-7, Spiro- 
schaudinnia duttoni (after Breinl, Annals of Tropical Medicine and Parasitology ) ; 
4, shows the uncoloured transverse band; 5, longitudinal division; 6, possible 
male and female forms; 7, encystment. 
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Reproduction takes place by both longitudinal and transverse 
divisions; it has been described by Fantham and Porter in C. ano- 
dontcB Keysselitz, 1906, and C. halbianii. The basal granule first 
divides, and then the membrane, followed by the cytoplasm, as 
far as one end, which does not divide at once, but later, thus com- 
pleting the act of asexual reproduction. 

Dobell gives a very clifEercnt description of C. anodontcs, which he states has 
a chambered structure, and divides only by transverse division. 

Bosanquet has observed the formation of coccoid bodies in Cristi- 
spira analogous to those presently to be described in Spiroschaudinnia . 

Classification. — The following genera are recognized : — • 

SpirochcBta Ehrenberg 1838, sensu stricto. 

Cristispira Gross, 1910. 

Saprospira Gross, 19TI. 

Pseudospira Dobell, 1912. 

S piroschaudinnia Se.mbon. 1907. 

But it is only the last genus wliicli contains the forms of importance 
in tropical medicine. 

Noguchi lias crcatixl the genus Leptospira Noguchi, 1917, for the s])iros- 
chaudinnia found in Weil’s disease and the sjiiroschaiulinnia he lias ol)Scrv( d 
in yellow fever. Characteristic features would be the true elicoid structure 
with persistent spirals, and th(' resistaiu e to the action of saponin. 

Cristispira balManii Certes, 1882. 

This spirochaete is found in the crystalline style of oysters. The oysters 
are apjiarenlly affected; at ail events, they arc poorly developed. It has a 
wcll-dctined, undulating membrane, strengthened by myonemes, and also a 
diffuse nucleus of rodlets of chromatin on an achromatic spiral, as has already 
been descriVied . 

Cristispira anodontae Keysselitz, iqoCu 

Synonym. — SpirochcBta aaodoyi tee Keysselitz, 1906, emendavitSrlioXXd^eh, 1909. 

.S. anodonice was found in the crystalline style of Anodorita mutahilis by 
Keysselitz in 1906, and in that of A . cygnea by Fantham in 1908. 


h'lG. T25. DiAcuiAM OF ,S, duttoni, showing Chromatin Granules, 
Pointed Ends, and Slight Membrane Edge. (After Fantham.) 

ft is 40 /bi in length by 0*7 jn in breadth, with pointed ends and a spirally 
wound undulating membrane. The nucleus is diffuse, consisting o 1 chromatin 
rodlets on a more faintly staining spira ’ 

vS\ plicatilis Ehrenberg, 1833, found in pond-water. 

Spiroschaudinnia Sambon, 1907. 

Spirochaetidae parasitic in the blood and tissues of vertebrates 
and in some blood-sucking invertebrates. 

Remarks. — This genus, as we believed would happen, is now 
recognized by many authorities, and therefore we adopt it, though 
We had hesitated to do so in the previous edition. 

Type Species. — Spiroschaudinnia recurrentis Lebert, 1874. 
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Morphology. — ^This has been most carefully studied by Fantham 
in S. recurrentis, S. duttoniy and S. marchouxi, and he finds that they 
have long, narrow bodies, bent into many spiral coils, enclosed in 
a firm periplast, with a very tenuous membrane, which is often in- 
visible. The nucleus consists of granules of chromatin distributed 
along the body. 

Life-History -Multiplication can take place by longitudinal and by 
transverse division, and also by multiple transverse fission, in Which 


case the protoplasm concentrates 
giving rise to a number of round 



around the chromatin masses, 
or oval granules, probably the 
same as the infective granules 
of Fry and Balfour, which are 
known to escape from one end 
or the other of the periplastic 
sheath when in the internal 
organs. These infective 
granules entc^r the red cells, 
and divich' into a. number of 
merozoites, wliicli escape from 
tlu‘ red cell and enter the 
liquor sanguinis; but their 
furtlier development is un- 
known, though it is possible 
that they become spirochaetes. 

Fantham's observations 
have confinned this granule 
stage of the life-history, but 
it must not be forgotten 
that every granule seen in a 
spirocha:‘te is not an infective 
granule, which our own ob- 
servations support. 


Minchin regarded lliese granules 
Fig. 126. — Life-Cyclk of Sjnroschau- as true endogenous chroinidial 
dinnia marchouxi Muttall. bnds, and eonsideia'd lln'reioTc 

that lh(' term infective granule 
(After Hindle, from the Journal should be replaced by the 

of Parasitology.) term ‘ endogenous ' bud lorma- 

tion . 

The lifeduslory of a spiroschaudinnia in the invertebrate has bc^en traced by 
fvcishman for .S. duttoui in the tick, OrvUhodoros mouhaia, and his account lias 
been confirmed liy Falfour, llimlle, Blanc, Fantham, and others. 

The Spiroschaudivnicp , on entering the tick, penetrate the gut wall, and on 
reaching the body cavity divide by multiple transverse fission into minute 
ovoid or rod -like bodies, which reach the ovary and become incorporated 
with some of the ova. In this situation they are not often infective. When 
laid, the egg only contains a few ovoid bodies, but in three to five days' in- 
cubation, when the Alalpighian tubes have begun to develop, ovoid and more 
elongate bodies may be seen therein. In six to seven days' incubation these 
bodies have elongated and become bacillary, and may rupture the cell and 
appear in the lumen of the tube. It is believed that these bacillary forms give 
rise to spirochaetes either by elongation and growth, or by fusion of rods. The 
recently hatched tick contains ovoid bodies, bacillary forms, and a very few 
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fully developed spirochsetes. Infection takes place towards the end ot feeding 
by the excretion from the Malpighian tubules, which contains the spirochstes 
passing into the wound caused by the bite. 

Some of the Spiroschaudinnits, on entering the tick, ])ass into the cells by 
the alimentary canal, and undergo multiple transverse division, while others 
may live for some weeks in the gut. 


Cultivation. — ^Noguclii has successfully cultiv^ited 5 . duttoni in 
sterile ascitic or Irydrocclc fluid, to which a piece of fresli rabbit’s 



Fig. 127. — Schizogony ov SpivoschaudinniamarcJiciixi Nuttall. 
(After Sambon.) 


kidney has been added. For inoculation of tin’s nu'dium he uses a 
few drops of the citrated heart blood from a mouse forty-eight to 
seventy-two hours after inh'ction. 



Fig. 128. — Development of .S'. 

Duttoni. (X 1,000.) 

The small dots are. chromatin bodies 
and the large granules are digested 
blood, while the pale outlines are 
spirochades in tlie contents of the 
intestinal sac of a tick two days fitter 
an infective feed. (From a micro- 
photograph by Sir William Lcishman.) 


Fig. 120.— Chromatin Granules in 
THE Malpighian Tubule of a 
Tick Six Days after Infective 
Feed. (X 1,000.) 

(From a microphotograph by Sir 
William Lei.shman.) 


At a temperature of 37"" C. the maximum growth is found about 
the eighth to ninth day, after which disintegration sets in, rc.sulting 
in total disappearance about the fifteenth day. Subcultures are 
bt'st made from the fourth to the ninth day, but after that date 
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the virulence diminishes. The subcultures do not lose their viru- 
lence even after tlie ninth passage. 

He has also cultivated in this way 5 . recurrentis Lebert, 1874, 
wlien tlie maximum growth occurs on the seventh day; S. rossi 
Nuttall, 1905, witli a maximum on the ninth day; and 5 . novyi, 
which is the most difficult, with a. maximum on the seventh day. 
5. marchouxi has also been cultivated. Bronfenbrenner in 1914 
sim])lihed this method of cultivation. 

Carriers,- Spiroschaudinniev are spread by th( agency of ticks 
and lice. 

Method of Infection, -The SpiroschaudinnicE infect the ova of the 
tick, and so pass into the second generation, from which they 
(‘Scape in the faices and eiitc^r the wounds made by the tick when 
it bites, and so infect the verteffirate host. Whether the same 



Fig. T30. — Granules in an Infecticd Fig. i 31. -Masses of Granules in 
t^GG. Malpighian Tubule of a Young 

Unfed Nymph. (X 1,000.) 

(From a niicropliol()gni])li l)y Sir (From a microphoiograph by Sir 
William Lcishman.) William Lcishmein.) 

method of dc'velopment takes ])lacc in the louse is not known, but 
the method of infection is thought to be due to the irritation of the 
louse-bite causing tlie vert^ffirate host to scratcli, and thus to crush 
the louses and at tlu' same time to cause abrasions of the host’s 
own skin. Flie Spiroschandinnicc, escaping from the crushed louse, 
enter the vertebrate host through the abrasions caused by the 
scratches. Both these an^ contaminative methods of infection. 
It is believed that Spiroschaudinnia in thc‘ vertebrates can pass 
from the mother via the placenta to the foetus, thus giving rise to 
an hereditary method of infection, in contradistinction to the con- 
taminative methods mentioned above. 
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I. HUMAN SPIROCH^.TES. 


A. Blood SpirocitzEtes. 

Spirosehaudinnia reeurrentis Lebert, 1874. 

Synonyms* — SpirocJiceie reeurrentis Lebert, 1874; 5 . ohermeyen 
Cohn, 1875. 

This spirochaete Was discovered by Obermeyer in cases of relapsing 
fever in Berlin. 

Morphology. — It exists in the blood in sliort and long forms. 
The short forms, which are from 7 to 9 /i in length, are probably 
early stages. The long forms. 16 to 19 /./.. result from multiplica- 
tion or agglutination. The latter condition in a hyperimmune blood 
may lead to forms 18 to too // in length, brought about by agglutina- 
tion of two or more cells end to end. The width is 0*25 [i. The 
number of spirals in the short 
form, which is considered to be 
one cell, is two to three. 

The sliort form is said hy 
Novy and Knapji to have a 
long flagellum at one end, 
while the other has a faint 
appendage. The presence^ of 
fla,gella in this as W('ll as in 
other spirochaites is deniixl by 
Nuttall. 

Life-History. — This spiro- 
ch^ete is x^athogeiiic to man, 
monkeys, rats, and mice; but 
these latter have to be infected 
from a monkey. Rabliits or 
guinea-pigs arc not suscc'ptible. 

It is found in the peripheral 
blood during the attacks and 
relapses, but not in the inter- 
mission, unless occasionally 

after very protracted search. It can also live in the bed-bug — ■ 
Clinocoris Icctularius — -for some days, and Nuttall has succeeded on 
one occasion in transmitting S. rrcurrentis from mouse to mouse 
by the bites of the same bug. Positive results have also been 
obtained by Sikul in Odessa. Most authorities consider lice to be 
the carriers. 

Immunity. — -The blood scrum of animals immunized to S. recur ^ 
rentis is without effect upon S. dtUtoni and S. novyi. ^ 

Pathogenicity. — It is the cause of European relapsing fever. 



F[G. L]2 . — SPIROSCHAUDINNIA FROM A 

Case of Asiatic Relapsing Fever. 

(From a micro photo graph by 
J. J. Bell.) 
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Spiroschaudinnia duttoni Novy and Knapp, 1906. 

Synonyms. — Spirilkm diittoni Novy and Knapp, 1906; Spiro- 
cheat a duiioni Todd, iqo6. 

This spirochfet(‘ is tho cause of the West African and the Colombian 
tick fever. 

Morphology. -Its length is variously described; thus Novy and 
Knapp say tliat tlic young forms are t6 jli in length, while Breinl 
and Kingliorn make them 24 u. in length and 0-45 p, in width when 
fully grown, dlie number of spirals varies from two to three to 
eight to ten, with a width of 2*2 p The parasite is rib])on-shaped 
on transverse section, and though it is often in spirals, may be 
simply waved. The two (aids are pointed (vide Fig. 125). 

Th(' central core is seen to consist of ligliter and darker portions, 
which ('orrespond to the chromatic and the achromatic portions of 
the nucleus. Th(^ chromatic portion can break up into granules, 
when the parasiti^s b(\gin to disappe^ar from the ('inailation. 

TJie peri])last is well marked, but there is gn-at doubt as to the 
presence of an undulating membrane. Breinl, who has studied 
the sulij('ct carefully, could not definitely define one, but Dutton 
and 1 odd hav(^ seen it in blood taken directly from the circulation 
in man, or animals, or from the gut of Orniihodoros moiibata. A 
small uiiGoloured transverse band is often to be seen in specimens 
stained by (liemsa lying across the parasite, about one-third its 
length from onc^ end. ' 

Life-History.- Reproduf tion can take place by longitudinal and 

transverse division. In the former the parasite thickens and then 
divides from (me end, wliile in the latter the parasite increases in 
length and divides in the middle. Some authors deny the occur- 
rence of transverse division, but this is untenable after Fantham 
and Porter’s experiuKaits. 

ihc'ia' is, however, another and but little known method of repro- 
duction, wliicli appeaj's to Ix^ analogous to spore-formation. 

Just before the crisis, when the blood is swarming with parasites, 
they can Ix' scaai, according to Breinl, in the spleen and boix'.-marrow, 
and more rari'ly in the liv('r, coiling themselves up, and cither show- 
hig a swolkm appeara.nc(v or becoming thinner and rolling themselves 
into more and mon' complicated skein-like forms, which may be 
engulfc'xl by phagoGyt('s in th(‘ spleen, but in other organs become 
moH' regular and surroimdcxl by a thin cyst-wall, the interior of 
which is filled with faintly bln (^-staining plasma. 

In this cyst the parasite becomes more and more indistinct, and 
at a later stag(^ small red granules are to be seen, which are tliouglit 
to be the cause of the infection in the blood when filtered through 
a Pasteur-Chamberland filter. Thea'efore, according to the investiga- 
tions by Breinl, the life-history of the parasite has two Well-defined 
stages in the vertebrate. In the first it is found free in the liquor 
sanguinis in its typical form ; in the second it enters a cell, and, 
becoming coiled, its chromatin breaks up into a number of granules^ 
each of which is believed to become a new spirochaete. 
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^ The stage in the liquor sanguinis is associated with the febrile 
attacks, and that in the cells with the apyrexial intervals. 

Carriers. — 'It is spread by the agency of Omithodoros moubata in 
Africa, and by americanus (chinche) in Colombia. 

In the 2 ick.— S, duttoni in Africa is conveyed to man and animals 
by^ faecal infection of the bit(s of a tick,' Ornilhodoros moubuta. 
Leishman has demonstrated that when S. duttoni enters the intes- 
tinal sac of the tick it loses its mobility and characteristic appear- 
ance. and chromatic masses escape into the lumen of the gut in th(‘ 
form of small rods or rounded bodic'S resembling microeo('('i. These 
multiply and pass into the cells of th.e Malpighian tubules, and also 
into tlie immature eggs in the ovary. They can be followed through 
all the stages of the egg into the adult tick, as small chromatin 
bodies lying in the cells of the Malpighian tubules. Theses bodies 
are voided with the heces, and when the tick feeds arc capa1)l(.' of 
entering the wound produced by the bite, and in this manner in- 
fecting the host. 

The tick remains infective for a ver}^ long time — according to 
Moller as long as e.ighteen months — and the infection can be i)assed 
not merely through the eggs into a new generation of ticks, as has 
been demonstrated by Dutton, Todd, Leisliman, and others, but 
also according to Moller into the third gcmc^ration, even if the 
second generation have only fed on clean animals. 

Pathogenicity. — ^It is the causes of West African and Coloiiibian 
relapsing fever. 

Spiroschaudinnia rossi Nuttall, 1908. 

This t.pirochcete is distinguished from 5. duttoni by its biological 
reactions, though some authorities consider it identical witli 5. 
duttoni. It is the cause of Ea.st Afi’ican relapsing fever, and is 
conveyed by Ornithodoros moubata. 

Spiroschaudinnia novyi Schellac h, 1907. 

History. — In 1907 Professor Manttaifel, while investigating an 
accidental laboratory infection of relapsing fever, found that the 
serum of the patient agglutinated a spirocluete found by Novy in 
a case of relapsing fever in America in a dilution of i in i(-0, but 
showed no such power over the spirochaete of the European disease. 
Moreover, it gave Pfeiffer’s reaction, being active in doses of 0-05 c.c. 
in e xperimentally infected mice. Schellach has investigated tliis 
spirochaete, and given it the specUic name used above. 

Morphology.— It is 17 to 20 fa in length, with six to eight undula- 
tions and a thickm-ss of 0*31 la. He gives the dimensions for tlie 
5. recurrentis as 19 to 29 with eight to ten undulations and a. 
thickness of 0*39 and S. duttoni as 24 [i at the most, with eight 
to ten undulations and a thickness of 0*45 wiiich appear to be 
very different from Novy’s table given under S. carieri. 

The spirochaete appears to have great flexibility and activity 
of movement. One end lias a filiform prolongation about 5 
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length, while the other is merely pointed. No undulating mem- 
brane could be differentiated; but he states that he was able to 
demonstrate lateral cilia, which he considers to be artificial; but 
this, in our opinion, is highly suggestive of the presence of an 
undulating membrane. Coloured granules could be made out 
when stained by Gieinsa. Rc^production was usually by transverse 
division. 

Life-History.- -The s])ii'oGh.'etes are found in the blood during 
the attacks of fever, and equally distributed in the organs in the 
apyrexial interval . 

Inoculation. — It can be inoculated into monkeys, but small rodents 
are especially susceptible^ Subinociilations can be made from 
monkey to monkey and from mousti to mouse. 

Immunity.- -Serum of animals immunized for S. novyi is without 
effect upon S. rccurrentis, S. diittoni, or S. carteri. 

Cultivation. -It has been cultivated by Noguchi as mentioned 
above (sch' ]). .1.41). 

Pathogenicity. — It is the cause of North American reilapsing 
fever. 

Spiroschaudinnia carteri Manson, 1907. 

S. carteri has a minimal length of 12 fji, with open flexures. It is 
thinner than S. novyi. and it is not agglutinated by serum of animals 
immunized against S. novyi. It can be inoculated into monkeys 
and with difliculty into mice, and can l)e subinoculated from monkey 
to monkey or mouse to mouse. 

Novy and Kn;ipp give; th(^ following differences between S. carteri, 
S. dnitoni, and S. novyi - 


( iKu acfcr. 

Sfuroscfidu- 

Spiroschau- 

Spiroschau- 

d Lin? id novyi. 

dinnia dutfoni. 

dim? id cavieri. 

Length of simple cell . . 

Hfi 

! I 6 jll 

SfA. 

Length of double cell 

lb -20 fi 


lf)-20^/. 

Width . . ...... 

0-25 

0-2 

0-2/^ 

lSlunil)(‘r of turns in a single* 
cell 



; 

Distance betwei'ii the turns . 

i *.5 

4*5 

2-3 fl 

Movement 

Vigorous 

Little 


Number in pc*rii)lieral blood . . 

Many 

Few 

Many 


According to Strong’s t'xjx'rinunits, rats iminnnizcd against S', recuvreniis 
and S', ywvyi arc imnniin* to S', caytiri. He therefore believes these three 
strains to be closely allied, if nut idimtical. 

Tiny can also be distinguished by agglutination, immunization 
tests, by Pfeiffer’s reaction, and by certain animals being suscep- 
tible to some species and not to others. Mackie has suggested that 
5 . carteri may be transmitted by a pediculus. It is the cause of 
Asiatic relapsing fever. 
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Spiroschaudinnia berbera Sergent and Foley, igio. 

Spiroschaudinnia with minimal length of 12 [jb and irregular open 
spirals or flexures. It can be inoculated into monkeys {Macacus 
cynocephalus) and with dilflculty into rats and mice. Subinocula^ 
tions can be made with difficulty from rat to rat and from mouse 
to mouse. The immune serum is witliout effect upon S. recurrentis. 
It produces a mild infection in animals, but a severe one in man, 
for whom it is the cause of North African and possibly Egyptian 
relapsing fever. Probably it is spread by the agency of lice. 

Spiroschaudinnia morsusmuris Fut iki, I'akaki, Taniguclii, and 
Osumi, 1917. 

Synonym -Sp irochceta morsiism uris . 

This spirochcTte was found in the blood, skin, and lympli gla,nds 
of six patients suffering from rat-bit(^ disease. 

The spirochcete is mobile and shows a single flagellum at each pole, 
but no undulating m(unbran(^ and has generally three or four curves, 
but may have two to nineteen. The smaller forms occur in the 
blood and the larger in the tissues. 

Mice and white rats become affected, but guinea-pigs and monkeys 
fail to do so. 

Spiroschaudinnia icterohaemorrhagise Inada. ld(;, Hoki, Kain^ko, 

and Ito, 1915. 

Synonyms. — Spirochaie icier ohcemorrhagice Inada, etc., 1915: 
S. ictcrogencs Uhlcnliuth and Fromme: 5. nodosa Hucbcaicr and 
Reiter. 

Nomenclature. — Noguchi has credited a. new gemus (see ]). 439) 
for this parasite, calling it Leptospira icicrolicemorrhagicc , ajid this 
will probably be generally accepted. 



Fig. 133. — Spiroschaudinnia icteyoJu^oiorrhagics rn.ida, l-Ic. 

This spirochacte is found during the first four weeks in the blood 
and urine of patients suffering from infective jaundice (Weil’s disease) 
of the spirochaetal type, and can be inoculated into animals, produc- 
ing jaundice. These observations have been confirmed by hrench, 
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Italian, and German workers. The spirochaetes found in Japan and 
Belgium have been shown by Noguchi to be identical morpliologically 
and Serologically. The parasite seems to occur in the kidneys and 
urine of wild rats in Japan, in the rats in the ti enches in Belgium, 
in those in France, where the disease in unknown, and in America, 
where it is rare. 

The organism can (alter through the alimentary c^anal, via 
abrasions on and e\’en through the healthy skin, and, as it can live 
in wat(‘r, tliis is thought to be the principal means of infection — ^.c., 
by walking barefoot or in sandals on wet earth or in stagnant 
water. 

The spirocliades are 6-9 microns long on an average, but may 
reacli to 20 mienms and about 02*5 micron in breadth, with two to 
tillage large or lour to live small waves. It often contains retractile 
granules, to the number of twenty-five to forty (these may in reality 
represtmt small waves, as shown by Dobell). 

GuiiKai-pigs may be infectial orally, subcutaneously, or intra- 
pciritonecally, with the blood of patients up to the seventh day of the 
illness, but usually not later, though there are exceptions to this. 
Tht‘ incubation period in tlie^sc^ animals is seven to eight days, and 
the symptoms resemble thos(‘ produced in man. Rabbits cannot be 
infected. Ito and Matsuzaki obtained it in pun^ culture from the 
heart blood of subinoculated guinea-pigs, by sowing this on blood 
agar or blood gelatine and incubating from 20°-25° C., though it can 
grow from 15^-37'' C. It produces neither odour, gas, nor lique- 
faction of the medium. The organism so cultivated rtunains patho- 
genic for guinea-pigs. A good medium is a mixture of rabbit 
blood-scT Lilli and 0-85 i)er cent, sahne in the proportion of i to 5. 

Spiroschaudinnia hebdomadis Jdo, Ito, and Wani, 1918. 

Mor])lK)logically siinilai lo .S. ideroJicsniorrJiagi a, dilfers s('rologi(. ally. 
I'ound by ido, Ito, and Wani in cases ot a seven-day lever called .Nanukayami, 
which .somewhat resembles atyjiical Weil's disease. 

The held mouse [Microius montcbelli) seems to be the normal host ot the 
spirochade. 

Spiroschaudinnia in Yellow Fever. 

Stimson in 1909 described a. s])irocha:.Tc in the organs ot persons who had 
died of yellow fe\ er (.S’, uiicrro^iaiis Stimson 1909), but little importance was 
given to this observation. In 1918 Noguchi cultivated from the blood of 
several yidloW lc'\( r patients a s])irocha'te similar to 5 . icIcroJiamiofrltag'i ce. 
{Leptospira icierohceniorrhagicB) , and by inoculating cultures of tlu‘ organism 
he produced in monkeys the same hamiorrhagic lesions as seen after the 
successful iiK culation of blood of yellow fevt'r patients. 


B. CuTANEou.^ Spirochetes. 

Spiroschaudinnia vincenti Blanchard, 1906. 

Synonym. Spiroschaudinnia schaitdinni lYowazck, 1907. 

This is a very active motile spirochsete 10 to 20 in length, with a well- 
marked undulating membrane and one rather short flagellum. Male and 
female forms can be seen, according to Prowazek. Division is longitudinal. 
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It is. according to Prowazek, the cause of ulcus tropicum, and is possibly 
transmitted by a leech. Induces formation of pseudo-membranes. 

It is often associated with the so-called fasiform bacilli causing angina 
Vincenti and, according to certain authors, hospital phagedasna and noma. 

Spiroschaudinnia aboriginalis Cleland, 1909. 

This spirocdiaete was found by Wise in Britisli Guiana in 1906, and by 
Cleland in West Australia in 1909 in cases of granuloma inguinale. Its length 
is 6 to 18 ju, and it possesses but few coils, which vary in depth. The extremities, 
according to Cleland, are blunt. Similar soirochaetes have beem found by Wise 
and others in a peculiar granulomatous affection, which attacks the genital 
organs of dogs and bitches. It is Indie' ed at the present time that this 
Spivoschfiitdinnia is not the cause of granuloma inguinale, but merely a 
saprophyte. 

Spiroschaudinnia phagedenis Noguchi, 1912. 

Noguchi discovered this spirochaete in an indurated and ulcerated swelling 
of the labium which had lasted ten days. It has been cultivated by him on 
ascitic agar medium, and is a strici anaerobe. Insigth varies from 4 to 30 
anfl the curve's from i to 8 fju, while young forms may be quite straight. Inoc- 
ulated into monkeys and rabbits it causes transient inflammation. 

S. acuminata Cnstellani. 1905, and S. obtusa Castellani, r905. 

Found in the o[)cn sores of yaws. 

S. pseudopallida Mnlzer, [905. 

Found in ulci'rating ca.rcinomata. 

llnnanied forms of enta, neons spirochaetes have been seen by von Prowazek 
in cases of ].)soi*ia,sis. 


C. RESITRATORY SPIROClUiTES. 

Spiroschaudinnia bronchialis Castellani, 1907. 

The presence of this spiroclniete and the disease which it causes 
was first described by Castellani in 1906. They have been confirmed 
by Branch in the West Indies, by Chalmers and O'Farrell in the Sudan, 














Figs. 134 and 135 . — Spiroschaudinnia 


bronchialis Castellani. 

29 
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by Macfie in West Africa, by Castellani and Jackson in the Balkans, 
by Toro Villa in Colombia and South America, by Ragazzi in Bengazi, 
by Galli- Valerio in vSwitzerland, by Lurie in vSerbia, by Violle in 
France, and by BrouglUon-Alcock in North Italy (see p. 1882). 

It was originally found by Castellani in cases of bronchitis in 
Ceylon, and its morphology has been carefully studied by Fantham 
in the Anglo-Egyptian Sudan. 

5. bronchialis is an organism with marked polymorphism, varying 
in length from 5-25 microns and in breadth from 0 2-0 *3 micron. 
The variations indicate different stages of growth and division. 
As a rule the ends, though varying considerably, arc acuminate. 
Its napvements are active, but cease shortly after removal from the 
body, and are succeeded by a granuk^ stage, as described by Fantham, 
and from these granules new spirochaetes arc believed to be formed. 

The granules are probably the infective agent, and spread the in- 
fection from man to man by the air. 

It is Ixdievcd to be ditic'rent from 5 . deniuim and S. hticcalis, 
the mouth spirochaites. of wliicli the former measures 4-10 and the 
latter 9-22 microns in leiigtl). 

Chalmers and OTarrelks experiments tend to show that monkeys 
can be infected. 

Spiroschaudinnia minuta Castellani, 1916. 

Found in cases of rhinopharyngitis (p. i8Si). Witli Romanosky 
it stains a pinkish red, and has very few spirals. Length 3-10-12 
microns. 



Fig. 136. — Spirochaiu/innia minuta Castkllani. 

D. Alimentary Canal SpiRociiiETES. 

Spiroschaudiimia subtilis Castellani, 1907. 

Found in scrapings from oral mucosa and in intestinal contents. 
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Spiroschaudinnia eurygyrata Werner, 1909, emendavit Fantham, 

1916. 

Synonyms. — Spirillum hachaizoi Kowalski (perhaps); 5. eurygyrata 
Werner, 1909. 

The spirochjete Was first noted under the name spirillum in cholera 
motions in 1884-86 and 1893-94. In 1903 Le Dantec saw them in 
cases of so-called spiroch?etal dyscaitery. In 1909 Werner gave them 
the two names mentioned abovt^ which Fantham in his 1916 re- 
searches considers to be the same. 

The spiroch^etcs were found by Fantham in the faeces of soldiers 
suffering fron'x diarrhoea or dysentery in Gallipoli and Flanders, and 
also in healtJiy people. It has pointed ends, and varies from 3-15 
microns in length by about ()'25 micron in breadth. The number 
of Waves is from 1 Wo to nine, While chromatin granules can be seen 
along the body. It is actively motile, and has been seen to ent(^r the 
shed epithelial cells found in the feces, where it produces coccoid 
bodies. 

Note. — It is essential not to confuse true spirochaetes found in 
the feces with vegetal organisms with pseudo-spirochaetal shapes, 
as has occurred — e.g,, Spirohacillus {Bacillus) zeylunicus CdsicAumi, 
1910, has often been mistaken for a true spirochaete (see p. 1838). 


E. Ukinary Spirochetes. 

Spiroschaudinnia urethrae Macfie, 1917. 

These spirochaetes have been seen by Mache in urine in natives 
on the Gold Coast, where it caused an acute urethritis. 

The parasite was found free in large quantities in the pus and also 
in the pus cells. It measured from 5-20 microns in length, and 

Pic. 137 . — Sflroschmiduinia mitis C.vstkllani. 


showed a membrane or crest. The cytoplasm, whicli was homo- 
geneous, contained chromatin granules or rodlets at intervals. 
Some pus cells contain(‘d coccoid granules. 

Spirochaetes have been found in the normal urethra by various authors — e.g., 
Mendelson . 

5 . mitis was found by Castellani in the centrifuged urine of certain cases 
of camp jaundice of mild type. It is thicker than S. icteroheemorrhagia, and 
has larger and better defined waves. Of doubtful pathogenicity. 
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THE DIFFERENTIATION OF HUMAN SPIROCHETES. 

The differentiation of spirochietes is exceedingly difficult, as 
morphological characters seldom help, and measurements with wave 
formations are useless for this purpose. 

As many of the so-called species arc pro biibly only variants pro- 
duced by environment, it seems correct to classify them according 
to site in the human body, according to their action on man and 
animals, and according to immunity experiments. 

The following is an attempt on tliese lines: — 

A . F ound in ihe blood - 

I. In cas(‘S of relapsing fever: — 

(a) dinical symptoms in man mild, but in animals severe 

- -5. uovyi. 

(b) ( linical symptoms in man severe: — 

r. in animals severe- -5. duiloni. 

2. In animals mild: — > 

(1) Berbera immune scanm protecti^a‘ — 5. herhera. 

( 2 ) Berbera immune S('rum ineffective and re- 

currentis immune serum prot(iCtive; closely 
allied forms: — 

{a) Found in Europe- -5. reciirrentis, 

[h] Found in India— 5. carteri. 

11. In cases of infectious jaundice -S. icUrohcBmorrhagica, 

111. Ill cases of rat-bite disease— S. morsusnmris , 

B. F ound in the skin : — 

1 . I u ul c us t r o] ) i c um : — • 

Not cultivated, with undulating membrane and short 
11a gel 1 um— 5 . vinccnli . 

II. Ill granuloma inguinale: — • 

Not cultivated without undulating membrane or flagellum 
■ — S. aboriginalis. 

III. In cutant'ous inflammation: — • 

(a) Cultivated, strictly anaerobic; causes transient in- 

llaminadion in animals — S. phagedenis. 

(b) Not cultivated; found in open yaws ulcers: — 

1. Acuminate — S, acuminata. 

2 . Obtuse — S. obiusa. 

(r) Not cultivated; found in ulcerating carcinomata — 

5. pseudopallida. 

C. F ound in ihe respiratory passages : — 

I. In bronchial spirochaetosis — 5. bronchialis. 

II. In rhinopharyngitis — S. minuta. 

Z). Found in the alimentary canal and skin lesions : — 

I. In the mouth: — 

{a) Produces pseudo-membranes. In cases of angina and 
ulcus tropicum — 5, vincenti. 

(b) Non-pathogenic : — 
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1. Short forms — 5. dentium. 

2. Long forms — S. buccalis, 

II. In vomit: — ■ 

Rather doubtful forms in vomit of Belyando spew in 
Queensland- — Unnamed. 

III. In faeces: — • 

In health and disease — S. cnrygyrata. 

Found in the urethra : — 

I. In free and in coccoid form in pus ct'lls from urethritis. 
With crest or iiKmibnin^' — 5 . urethrev. 

II. In urine ^rom cases of mild cam]) jaundice. With Well- 
marked waves - 5 . niitis. 


ANIMAL SPIROCHAi:TES. 

Spiroschaudinnia macaci Castehani and Chalmers, tcjto. 

Synonym. — Spirochceta macaci Castellani and (dialmc^rs, 1910. 

This spirochaite was found by us in monki'ys in C'e\^lon in 1906. 
In lengtli it measures about 12 and clos('ly resembles 5 . carteri 
Manson, 1907. It can be (‘a.sily inocu- 
lated from monkey to monkey. Spiro- 
clnetes which may be of a different s]:)ecies 
have also beam found by Jveishman. 

Balfour, and by Plimmer in Cerco- 
pithecus sebce from Sierra Leone. 

Spiroschaudinnia anserina Sacc haroff, 

1891. 

Found in enormous numbers in the blood 
of geese in the Caucasus and J unis. It causes 
fever, diarrluea, tenderness of the feel, and 
death in about a week, the mortality l)eing 
80 pel* cent. It can be inoculated into other 
gee.se. 

Spiroschaudinnia marchouxi Nuttall, 

1904. 

Synonym,— Spirocha’la gallniarum iv. JUan- 
chard, 1905. 

Tills spirochmte, which has been discovered 
by Marchoux and Sahmbeni, and studiecl by 
Balfour, is about 10 to 20 /r in leng ’i, causes 
disease in fowls in many counl.rics-“-c.g., Brazil, 
the Sudan, Itgypt, d'unisia, and Serbia. Ihe 
symptoms are levca*. dian ho*a., anaemia, somnolence, convulsions, and death in 
four to five days, or in clironic' cases cachexia and dc atli in fourteen days. 
As first observed by Sambon, it appears to enter the red corjmsc le, and to break 
up within it in a way which reminds one of the. description already given for 
5 . duitoni. Balfour has made an important investigation on granules spread 
ing and the infective granules. It is spread by Avgas pcvstcMs nm\ titlua' 
Argasidai, as Fiilleborn has shown with Oruiihodoros moubata. Balloi r has 
made the’important observation that in the infected ticks chromatic granules 
arc present as described by Leishman in 5 . dutioni. 



Fig. 138. — SpiRociii=ETES IN 
THE Blood of Cercopi- 
ihccus schcDits from Sierra 
Leone. (X i.ooo.) 

fFrom a micio photograph 
by H. G. Idimmer.) 
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Recent researches by Balfour tend to show that the Sudan sto^n is a 
separate species: 5 . granulosa. Balfour, 1910. AragSo has atte p 
obtain a serum and a vaccine with a certain degree of success. 

Spiroschaudinnia neveuxii Brumpt, 1909- 

Brumpt describes liiis spirocdiaelc as morphologically identical with 
5, marchouxi, but cross immunization shows that the two species are ditterent 
It is the cause of fowl spirocliaetosis in Senegal, and is spread hy Avgas persicus. 

Spiroschaudinnia theileri Laveran, 1904. 

'J'liis sriirochajt (', dis('overed by riieiler in 19(^2, is found in cattle in Africa 
about Pretoria, in the Cameroons, and in Kast Alric a. the symptoms are not 
clear, as babesia has also been seen in the same animals. It is spread by 
Margaropus decolovatus, the blue tick. 

Spiroschaudinnia ovina R. Blanchard, 1906. 

This spirochaile may be the same as S. theileri. It was found by Marfoglio 
and Carjiano in sheep in Erythraea, on the Ked Sea, and by Theiler in the 
Transvaul. 

Spiroschaudinnia equi Novy and Knap]), 191 X). 

h'ound by Theiler in the Iransvaal, and by Martin in French Guinea, and 
may l)e the same as .S', theileri. 

Other Spirochsetes. — .s', vespcvlilionis Novy and Kna.})}), found by Nicollc 
and Con tine in ]9()5, in V cspertilio kuhli. 

S. gracilis Levaditiand Stanesco, 1909, very like Treponnna pallidum. 

S. culicts Jaff6, 1907, found in the gut and Malpighian tubules of Culcx 
pipicns and the larva o 1 Anopheles maculipennis. 

.S. muris Wenyon and .S. laverani Breinl and Kinghorn, in mice. 

.S. bujonis Dobell 1908, found in the rectum of a frog. 

8'. glossince Novy and Knapp, 1906, in the stomach of tsetse-flics. 

S. microgyvata Gaylord and Calkins, 1907, in cancer of the bi east in mice. 

8'. balanitidis Hoffmann and Prowazek, 1906, found by Hoffmann and 
Prowazek in balanitis, 

S. lu.rce Prowazek, 1907, found by Prowazek in the otter. 

Sambon has found spirochades in scrapings from gastric ulcers in a fox. 

Various S])irochades have also been oliserved in the stomach of normal cats, 
dogs, and rats (Bizzozzeuo, Salomon), 111 the intestinal ulcers of dogs and 
monkeys affected with try])anosomiasis (Balfour), in the intestine of normal 
mice (Wenyon) and birds (Kent). 


Treponemidae Schandinn, 1905. 

Definition. ^Si)iroc]it£tacca with a minute thread-like body 
twisted into numerous fine coils, with pointed tapering extremities. 
The body is cylindrical on section, and not flattened, and the spirals 
appear preformed. There is no undulating membrane. Trans- 
verse and longitudinal division have been observed, the latter type 
being the only one found in cultures. 

Classification. — Only one genus. 

Treponema Schaudinn, 1905. 

Synonym— SpirochcBta Ehrenberg -/)ro parte; Spironema Vuillemin, 
1905, von Klebs, IVS92. 

Treponemidae with the characters of the family. 

Type Species. — Treponema pallidum Schaudinn, 1905. 
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Treponema pallidum Schaudinn, 1905. 

Schaudinn, 1905; Spironema pal^ 
hdum Vuillemin, 1905; Microspironenia pallidum Stiles and Pfander 
1905; Trypanosoma Ms Krzysztalowicz and Siedlecki, 1905. 

History. ^This treponema was discovered by Schaudinn in S3^hilis 
in 1905 . The history of the finding of parasites in syphilis is interest- 
ing, for as long ago as 1546 Frascastorius considered syphilis to be 
a parasitic disease. In 1879 Klebs, and, later, Losdorfer and 
Dome in 1901, described parasites and saw cell inclusions in the 
disease, and in 1905 Siegel described an organism, Cytorycies Ms, 
in which there are ilagellate bodies very closely resembling spiro- 
chaetes. In 1905 Schaudinn, after investigating and reporting 



Fig. 139. — Treponema pallidum ScnAUDiNNj 1905. 
(From a micropliotograph by J. J. Boll.) 


unfavourably on Siegel’s work, found tlie Treponema pallidum, 
which is accepted as the cause of the disease. Korte in 1906 described 
free round bodies and cysts wit] i threads in primary sores . E . H . Ross 
has described an intracellular formation allied to his Lymphocytozoon 
cobaycB, which de^^elops into spirochaetes, and these researches have 
in part been confirmed by Jennings. McDonagh also has described 
a complicated life-cycle. 

Morphology. — It varies from 4 to 10 /z in length, average 7 
with a width up to 0*5 /^. It is twisted into spirals, which vary 
from six to twelve and more in number, the average being eight 
to ten, and are to a certain extent preformed — d.e., not due to tlie 
parasite’s movements. It moves by rotation on a long axis by 
gliding movements, forwards and backwards, and also by flexion 
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of the whole body. The periplast is continued as long delicate 
processes at each end, which are considered by some to he flagella. 

Krzysztalowicz and Siedlecki say that not far from the miaclle 
the body may be nearly straight, and a clear spot can be observed 
which they think is a nucleus ; but it miglit correspond to the similar 
area in S. duttoni, Tliev also d(‘scribe male and female gametes 
and conjugation, which they think leads to the formation of a cyst 
or spore, wJiich may be carried via the blood stream to dineient 
parts of th(^ body, and tliere eh^Velop into Tn^poneinata. 

The ])arasite is found in th(.‘ ])rimary sores and in the S(^condary 
lesions, but is very diflicult to detect in tertiary eruptions, though 
it is abundantly present in the liver, spleen, decidua, the placental 
villi, th(^ umbilical cord of syphilitic foetuses, and infants. 

It is distinguislu'd from other spirochastes ( 5 . refringens) which 
may be nn.f with on ulcerated surfaces by dithculty in staining; 
numlier, ('liaractcu', and permanence of the spirals; the terminal 
prolongations; absence of an undulating nn'inbrane; minute size 
and dt'Iicacy. 

Inoculation. — Syiihilis can b(‘ inoculat('d into chimpanzees (as 
shown by Mc'tchnikoff and ]\eux) and other monkeys, and 
T. pallidum can be found in the lesions so causc'd, the incubation 
bf'ing fiftcien to forty-nine days, average thirty days, for tin. primary 
sore; and nimdeen to sixty-om^ da,}'S, av(a:agc‘ thirty-three days, for 
tlu‘ sec-ondary (',ru])tion after tlu^ primary have ap])ear(‘d. In tlu^ lowc'r 
monk<.'ys ^he lesion remains localizi'd to the scat of the inoculation. 

Cultivation.- -Scherescliewsky has cultivated, with a certain degree 
of success. T. pallidum on a medium of hors(‘ serum, brought to a 
gelatinous consistfurce by ht^ating to bo^' C., and partly autolyz('d by 
kirping in an incubator at 37^' C. for three days. l.attT Muhlens 
and Hartmann also cultivated it, Hartmann inoculating a pure 
culture' with suect'ss in the testicles of a, rabbit, and more ii'ce'ntly it 
was gj'own by Noguchi quite^ succx‘Ssfull3P as de^scribed above for 
vSpiroscliaudinnia,, and he has also been successful in reproducing the 
disease' in monkey^^^ by inoculation of the' ])ure culture. The monkeys 
present a. positive Wassermann re'action two weeks afte^r inoculation. 
Noguchi has made' the important e)bse‘rvation that there are', se^ve'ral 
varieties of T. pallidum ; he distinguishes a normal t3q)e of medium 
thickiK'SS, a. thick ty]X‘, and a thin iyi^e. Inoculated in the te'sticles 
of rabbits, the normal t\q)e gives rise to a diffuse induration, wliich 
develops the third Week after inoculation; the thick t^qjf' gi\a'S rise 
to severad small hard nodules, which develop slowly; the thin type 
induces a diffuse' swelling, which develops very quickl^a t('n to 
fourteen days after inoculation. It is interesting to notei that Mott, 
several ^a'ars ago, suggested- — on clinical and pathological grounds — 
that tlu're might be more than one^ variety of T. pallidum. 

Biological Reactions.— By Imating the cultures to bo"' C. Noguchi 
has produced a product which he calls luetine, by nu'ans of which 
a cutaneous reaction can be obtained in syphilitic patients. 
Life-History.' — Unknown . 
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E. H. Ross found cellular inclusions resembling Kurloff’s bodies in mono- 
nuclears in non-ulcerated Hunterian chancres, and examined them in detail 
by placing the blood from such a chancre upon H. C. Ross’s coefficient jelly. 

Similar bodies have been described by McDonagh, who has given an account 
of a complicated life-cyclc for T. pallidum (see second edition of this book, 

p. 409). 

Pathogenicity.— 7 ". paUidum is the cause of syphilis. 

Treponema pertenue Castellani, 1905. 

Synonyms.- 'SpirocJmda perfenids Castellani, June, 1005; Spiro- 
chceta pallidiila Castellani, November, 1905. 

History. — It was discovered by Castellani in 1905 in the scrapings 
from yaws papu^^es. 

Morphology. — Treponema pertenue is an extremely delicate sjhral- 
shaped organism, varying in length from a few microns to 18 
and 20 ij, and even more. It is very slender. vSome individuals 
are, howeveu', thicker than others. It does not stain easily, but 
good results may be obtaim^d with Giemsa/s mtdliod, and also witli 
Leishman’s stain, provided the alcoholic solution is .'dlowi'd to act 
for five minutes, and the subsequent admixture with distilled Wader 
for from one halbhour to seviTal hours. Using either of these 
methods, the Tre])()nemata stain purplish. Occasioirdly a. few 
more deeply stained granules may be seen in tlie body of tlie 
organism. The extrcsnitii^s of the pa.rasit(‘ nw oftem ])ointed, Init 
forms may be met with prc'Seiiting blunt (cxtRsnitics, or one ex- 
tremity pointed and th(' otln^r blunt. In some individuals one of 
the extrcmitic'S may ])reseiit a large pear-shaped exjxinsion or a 
loop-like formation. The number of coils varies from six to twemty 
or more, but they are, as a rule, nuimu'ous, uniform, and of small 
diuK'nsions. Occasionally a portion of lh(' Trc ponona sliows 
numerous close uniform coils, while file la^st of its body shows no 
coils at all. Soimdimes two Trepoiuanata may be attached end 
to end, or a]q>a,r(mtly twisted togetlu'r. ('astellaiii has not been 
abh^ to detect any undulating membrance though its ])i'esence has 
been assert (xi Igy other obsc;rvers (Blanchard). Occasionally, in 
preparations stained by L6ffl('r’s method of flagcdla. staining, it has 
seemed to sevei'al observers that souk; of the organisms irresent an 
extremely delicate? flagellum at one ond. Prowazek has described 
a resting form, oval or round, produce^d by a coiling up of the spiral. 
Ranken, by me'nns of the dark-ground illumination, has been able 
to observe? tire c‘xtrusion from the pa.rasite of small, higbly-refractile 
granules, wlrich are apparently sliot out by fna? lateral motion. 
These granuh'S immediately after extrusion remain stationary, then 
begin to rotate and move about, though a,i)pa.rent]y not supplied 
with flagella. 

Intracellular Sfage?.— -Castedlani in 1905 described some peculiar 
bodies, free and intracellular, in leucocytes, which posse ‘ssed an oval 
or roundisli shape, and contained chromatin dots. At the' time? he 
Was inclined to consider them to be stages in tlie development of 
the parasite, but later he held that they Were cell inclusions of non- 
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parasitic origin. In view, however, of the Work of E. H. Ross 
and McDonagh on the organism of syphilis, it is possible that they 
are in reality a stage in the development of T . pertenue. 

Comparison with T. pallidum— Vrom the above description it 
is evident that tli(‘ framboesia organism is morphologically very 
similar to that of syplhlis. Blanchard, Martin, Prowazek, and 
others seem to have been able to make out some slight morphological 
differences between tlje two. Martin states that the framboesia 
Treponema is even more slender and more difficult to stain than the 
T. pallidum of Scliaudinn. On the other hand, some authorities 
consider it to be thicker. Rivas states that it has closer coils. 
Prowazeffi, Levaditi, and Nattan-Larrier state that T. pertenue shows 
less regularly shaped coils, and one extremity terminates in a loop 
much more frequently than in T, pallidum. Moreover, according 
to Levadi i and Nattan-Larrier, in fresh preparations T. pertenue 



Fig. — Treponema per- 
ienne Cas'I'icllani. 



bAsopiiiLr: Celj., WITH Chro 

MATIN J >OTS, IN A CaSE OI' I'RAMBCESIA. 


displays whi])dike laitaal movements rather than translatory 
ones. Russian and Archibald consider that T , pertenue is slightly 
thicker than 7'. pallidum ; the distance from crest to crest of the 
waves and the dip from tlu' crest to the hollow is greater; the 
parasite has giwater tendency to curl up into a loop at one end. 
Ranken states that the parasite does not show any corkscrew-like 
motion, nor any progressive motion. We believe that the differentia- 
tion of the two organisms, and in general of spirocheetes and Trypano- 
somata, is to be based more on the results of the biological tests 
than on slight morphological differences. The animal tests clearly 
show that T. pertenue and T. pallidum are two different species, 
inasmuch as monkeys immunized with T. pertenue do not become 
immune for T. pallidum. 

Incidence of the T. pertenue in Trambasia Lesions. — ^The presence 
of the Treponema is constant in the primary lesion and in the un- 
broken papules of the general eruption. It may be found in the 
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spleen, lymphatic glands, and bone-marrow. In the blood it has 
not yet been demonstrated microscopically, though there is no 
doubt that the blood of the general circulation is infectious, inas- 
much as monkeys inoculated with it develop typical yaws lesions, 
in which the Treponema is abundantly present. The Treponema is 
absent in the cerebro-spinal fluid, and generally in the tertiary 
lesions. 

Bacteriological Flora found in Open Sores of Framhcesia. — ^While 
T. pertenue is the only germ found in the non-ulcerated lesions, the 
ulcerated lesions of framboesia are sr.on invaded by all kinds of 
germs. Apart from innumerable bacteria, various kinds of spiro- 
chaetes are present. One form is rather thick, and takes up the 
stain easily. It is morphologically similar to the Spiroschaiidinnia 
refringens of Schaudinn. Another form is thin, delicate, with coils 
varying in size and number, and With blunt extremities — -5. ohtusa 
Castellani. A third form is likewise thin and delicate, but tapers at 
both ends — ^5. acuminata Castellani; T. pertenue is also present in 
many cases. 

Inoculation Experiments of Fraynhesiain Man. — 'Paulet, in 1848, 
inoculated fourteen negroes with tlu; secretion taken from fram- 
bcetic granulomata. All of them devi‘loped frambmsia, the inocu- 
lation period varying from twtdve to twenty days, wluni at the seat 
of inoculation in ten cases the first nodule appeared, soon followed 
by a typical general eruption. In two cases apparently the erup- 
tion did not start from the scat of inoculation. 

Charlouis, in 1881, inoculated thirty-two Chinese prisoners, who 
had never suffered from the disease, with crusts and scrapings from 
a case of yaws. The disease developed in twenty-eight of them, 
beginning invariably at the seat of inoculation. Moreover, he 
inoculated a native suffering from typical yaws with syphilis. The 
inoculation was quite successful, a primary syphilitic sore develop- 
ing, followed by all the usual ty^^es of secondary eruption. That 
yaws patients are not immune against syphilis is proved also by 
Powell and Nicolas and others, who have described several cases of 
syphilis supervening on yaws. Syphilitic patients may contract 
framboesia naturally and experimentally. 

Inoculation Experiments in Monkeys.- ProWazek, Hal- 
berstadter in Java, and shortly afterwards Casttdlani in Ceylon, have 
shown that monkeys arc susceptible to frambeesia. According to 
their experiments, the inoculation -ncriod varies from a minimum 
of sixteen days to a maximum of ninety-two. The appearance of 
the lesions developing at the seat of inoculation is practically the 
same in all cases — viz., an infiltrated spot slowly increasing in size, 
and soon becoming moist, the secretion drying into a thick crust. 
Removal of the crust exposes a raw, granulating, red surface. 

In the monkeys of a low class (genus Macacus, genus SemnopF 
thecus) the eruption is, as a rule, localized to the seat of inoculation. 
The infection, however, is general, as is proved by the presence of 
T. pertenue in the spleen and lymphatic glands besides the local 
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lesions. Halberstadter has obtained a general eruption in ourang- 
outangs. According to Castellani ’s experiments, splenic blood, ob- 
tained by puncturing the spleen of a patient affected with fram- 
boesia, can reproduce the disease in monke3^s. The inoculation of 
the blood of tJie general circulation also may occasionally produce 
the disease. Tlie inoculation of cerebro-spinal fluid into normal 
nionkc'vs lias always ]irov(‘d negative. 

N('isser, Halberstadter, J. Prowazek in Java, and later Castellani 
in (kylon, have jnoved that monke\^s successfully inoculated with 
frandaesia do not thendiy become immune to syphilis, and, vice 
versa, monkeys succi'sstully inoculated with sypliilis do not thereby 
beconut iminuiK' to framboesia. According to Levaditi, monkeys 
immunizc'd for fra.mbeesia do not acquire any immunity for sypliilis, 



Fig. 142.- IMonkey iNocurAiEi) with 

I'KAMOaiSIA. 


but nionkeyf immuiiizi'd lor s\q:)liilis ma\/ a, equine a ])artird immunity 
lor frambmsia. According to Asliburn and Craig, monkeys of the 
spi'cies Cyuomah^iis philil^pijjciisis are snsci^ptible to frambmsia, but 
not to sy])hi]is. 

Tlic iollewing facts luv in favour of the T. pcrteniic being the 
s])(‘cilic cause' oi trarnbeesia, : — 

r. In the noivuka rati d ])a])iiU'S, in tlu' S])leen, in the lymphatic 
, elands ()l framlxesia patients, as well as in inoculated monkeys, the 
7 . pcrlemtc is the only organism present. No other geim can be 
demonsirati'd, eitlier microscopically or by cultural metliods. 

2. Ihec'xtract ol liamlxesia mati'ria.l containing tie- T . pcrlcnue- - 
but, so tar as our pn'sont methods of investigation iiermit us to say, 
no other germs- -is effective when inoculated into monkeys. 

3. The extract of framboesia material from which the t. pertenue 
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has been removed by filtration becomes inert, and monkeys inocu- 
lated with it do not contract the disease. 

Inoculation Experiments in Rabbits. — Nichols has inoculated 
rabbits successfully, and finds that the incubation period is sliorter 
than that for T. pallidum in the same animal. He finds that 4-5 
milligrammes of salvarsan p(;r kilogramme of tlie animars weight 
injected intravenously will effect a cure, which is less than for 
T. pallidum. Complement fixation is positive by the fourteenth 
day, but after administration of salvarsan it becomes negative. 
He has not been able to produce immunity, and l)e finds that if 
reinoGulation is unsuccessful it is becan-ic the animal is still infected; 
whereas, if it is cured, reinoculation can be successfully i)erformcd. 
It is possible to demonstrate the diffcnaice between syphilis and 
frambeesia by the reinoculation of rabbits aft(T treatmcait l^y sab 
varsan. Castelli has inoculated rabl)its intravenously, and staters 
that the general clinical symptoms, papules, etc., are so diffeiaait 
from those obtained after a similar injection of T. pallidum that 
this method may be of use for differentiating them. 

Cultivation.—'/, perienue has bam successlully cnlti\mtod by 
Noguchi, as dc'sciibed for Sjnroschaiidiimia (p. 441). 

Pathogenicity. — It is the causes of frambeesia tropica, {vide Cliap- 
terLXL. p. 1535 )- 

Treponema mucosum Noguclii, 1912. 

This Treponema was isolated from the pus of a case of pyorrbcea 
by Noguchi. It closely resemblc^s T. pallidum and T. micro deniium, 
but differs in certain biological pro]xa'tics. It can be cultivated in 
citrate dilution of ascitic agar. (Tiltun'S have a strong fietid odour, 
and mucin is produced in the medium, but this propertv is lost l)y 
repeated subcultures. It is a strict anaerobe. Inoeulatt'd into 
monkeys or rabbits it causes transitory local inflammation. 

Treponema calligyrum Noguchi, 1913. 

Found by Noguchi in condyloma. la— cultivated ])y the same observer, it 
shows deep, regular curves, not so closely set as in F. pallidum. It is also 
thicker. 

Other species are: T. mievodentimn, T.refringcns, T. terminii Leidy, 1881, in 
Calotermes militaris ; T. minei Prowazek, 1910; T. vivax Dobell, 191 1, in Oscitta- 
toricB ; T. stytopyga Dobell, 191 1 , in Stytopyga orientalis ; T. parvum Dobell, 1911; 
7 \ minutum Dobell, 1911; T. denlium Koch, 1877; T. triccalr Cohn, 1872; 
T. intermedium Dobell, 191 1 , in the human mouth. 

A rather doubtful Treponema has been described by Dobell in the intestine 
of Bufo vulgaris L. 

T. urcthrale Castellani, 1915, found in the mucopurulent discharge from 
the urethra. It is very delicate and has numerous spirals all equal. Length, 
0-12 microns. The patient had no sign of gonorrhwa or syphilis. 
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CHAPTER XX 

DIPLOZOA AND OCTOMITIDAt 


T^(‘liiiiinary — ])i])l()zoa — OctoniitidaD — Octomitus — Giardia — Keferenccs. 

PRELIMINARY. 

Wic now return to the classification of tiie Protom onadina, given 
(.11 p. 3d2, wl)(ii(^ the order is divid^'d into Uvo snbonha^s. Monozoa 
and ])i])]ozoa. 'l'h(i Monozoa wv. ]ia,V(^ just considorecl, and in the 
])r('Sent cliapler tlie Diplozoa are described. 

SUBORDER 2. DIPLOZOA Hartmann and (diagas, 1911. 
Definition. — Ifrotomonadina witli mon^ or less tendency to bilateral 
symuKdJ'y in uJuUvidin^ forms, as shown by the arrangement of the 
flag(.'lla, l)y the duplication of tln^ axostyha with sometimes the 
nucUais and more* rarely of tin; cytostome. An undulating mcmi- 
brane is abr^tmt. 

. ^Classiftcation.—'rhis subo^'der may be divided into two families, 
of wliich one is of iin])ortance in tropical medicine. 

A. CytostoJiK' single or abs.mt; flagella eight in number- - 
Fainily i, 0 cl omit idee Minchin, 1912. 

P>. Cytostome double; flagella variable in numl^er -Familv 2, 
I)i stomal idee Seiin, 1900. 

Only thc' first of these families concerns us. 

FAMILY I. OCrOMlTlDdA Minchin, 1912. 

Definition. — Diplozoa with laght flagella and with or without a. 
cytostome. 

Type Genus,- iklomiiiis Prowazek, 1904. 

Classification. — Hie family is divisible into several genera as 
follows : — 

A. Antcadorly three pairs and posteriorly on-' pair of flagePa; 

nucU'us single, bilaterally lobiM or doubled; sucker 
absent. 

1 . Parasitic — Octomitus. 

1 1 . F ree living — H examita . 

B. Aiitero-laterally one pair, mosially two pairs, and posteriorly 

one pair of flagella; nucleus usually double; sucker present 
— Giardia, 

Octomitus and Giardia concern us; Hexamita does not. 
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Genus i. Octomitus Prowazek, 1904. 

Definition.- -Octomitidse, parasitic with anteriorly three pairs 
and posteriorly one pair of flagella; nucleus single, bilaterally lobed 
or doubled; sucker absent. 

Type Species. — 0 . intcstinalis Prowazek. 1904, found in rats. 

Classification. — The known species of Octomitus may be recog- 
nized as follows : — ■ jl 

A. Nucleus situate close to thOTiutcrior end: — 

I. Nucleus often hWohoA—Dujardini. 

II. Nucleus double: — 

[a\ Measurements 8-12 x 5-7 microns — Intestinalis. 

(h) Measurements 4-6 x2 microns — Muris, 

B. Nucleus not situate close to the anterior end:— 

Nucleus single and rounded; size 6x3 microns — Hominis. 



jtjq xj3 . — Octomitus hominis Chal- Fig. 1^4 . — Octomitus hominis Chal- 
mers AND PeKKOLA, I 91 G MERS AND P E K K O L A, I 9 1 «• 

(X 2.000.) (X 2,000.) 


Octomitus hominis Chalmers and Pckkola, 1916. 
Definition.— Octomitus with single rounded nucleus, not situate 

'^^Whirphdogy.— Small fusiform or pear-shaped flagellates, in size 

^ Wieii examinS'^in tire stained condition it showed a circular 
clemJy dSed nucleus (Figs. 143 arid 144). ~ 2 ctiW 
1-4 microns in transverse diameter, and ® bodv Thi= 

the anterior third with the posterior two-thirds of - 

nucleus is bounded by a well-marked membrane, which ,liniit.^^ ^ 
homogeneous dark staining contents, in^ wb 
centrally or cxcentrically placed karyosome. 
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In front of tlie nucleus and closely approximated to the anterior 
end of the body is a well-defined blepharoplast, whi^h, loug 
typically single,' may have a secondary smaller blcpharoplast 

a'ssociated with it. ,\h) sign of a rhizoplast could be seen, 

h'roin this i)lc])liaro])!ast there arise six anteriorly directed nagf-lia, 
though occasionaDv vnv. accidentally appears as tliough directed 
bac.kwards. When there are two blepharoplasts, then three tlagcila 

arise from eacli. , 

'J'h( sr' flagrll.'i \’a,ry considerably in length, being generally much 
tliiiJi ijid l)0(ly, but it is cxci^edingly difficuit to be certain 
\^'!i( r(' end, nnd in tlie specimens drawn only such portions as 
cftiild l)e clearly st'en arc' ]K)rtrayed, thougli in other specimens the 
lenglli wes cleaily mu( li greater, in some instances quite three 
li nes tlac i(‘ngtli of the ])arasite. 

.Din cted ) backwards, iind also arising from the blepharoplast or 
1 ]“])l]a]()p]nsls, tliere arc two cliromatic lines, which, diverging and 
rniining on ( itlu r side of tlie nucleus, may or may not converge, 
Init in f'ither case end near the ])(>st('rior margir. of the body in very 
minute' chromatic ])articles, which are generally very difficult to 
S('('. V rom each of these chromatic particles there arises a posteriorly 
directed 11a gel 1 urn. 

Tlu' chromatic rods are obviously axostyles, and the little particles 
ill whicli tlu'y end mav be termed axoplasts. 

11 is not (fite n that (lie axostyles are seen together, as the parasite 
usually lies so that only one is visible, while the other is almost 
in\’isi!)lf' ; ])ut at timi'S they are seen as described above, or at other 
limes will'll tlie jiaiMsite has shrunk into a rounded mass they may 
be obsc'iA'i'd crossing one a,n()ther. 

No cytostome has biaui observed, while the periplast is tliin and 
without markings. 

l lu; e^dojilasm is vacuolated with food vacuoles. 

Life-History. -Notldiig is known of the life-history. 

Pathogenicity.- -]lelie\ t'd to cause diarrhoea. 


Genus Giardia Kiinstler, 1882. 

Synonyms,- -Lainhlia R. Blanchard, 1888; Dimorphus Grassi, 
i87(), 11CC Haller, 1878; Mci\asloma Grassi, 1881, nec do Blainville. 

Definition.- -( )ctomitid;e with one antero-mcsial pair, two pairs 
of lui'sial and one paar of posterior flagella; nucleus usually double; 
suckt'r ])resent. 

Type Species.- -G/ari/Za iniestinalis (Lambl, 1859). 

Giardia intestinalis (Lambl, 1859). 

Synonyms,-- Lcimhli a inicstinalis Lambl, 1859; Cercomonas intes- 
iiiialis Lambl, 1854; H cx (unit its dtiodenaUs Davaine, 1875; Dimorphus 
m tin's (.irassi, 1879; Me^asloma entcricum Grassi, 1881; Megastoma 
intesiinalc Blanchard, 1886; Lamhlia intestinalis Blanchard, 1888. 

This jiarasito lives in the intestine of different species of the 
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genera Mus and Epimys (M. musculns, E. rati us, E. norvegicns, 
M. silvestris): also in species of Arvicola (A. arvensis and A. aiuphi- 
bius); also in the rabbit, the cat, tlie dog, the sheep, and man. 

It was first observed by Lambl in the mucous intestinal evacuations 
of children in Russia; tlien by Grassi in Italy, who made a complete 
study of the parasite; by Moritz in Germany; by Jaksch in Austria; 
by Kruse in hlgypt; and we have observed it several tilings in Ceylon; 
while it has been carefully studied by Werner in 1901, and more 
especially by Wenyon in 1907 and 1916, and his account is classical. 
It is common in the Anglo-Egyptian Sudan. 

It occurs in the small bowel of man, and it and its cysts can be 
found in the fa:ces. Infection is brought about by swallowing the 
encysted forms. This has been proved experimentally by Grassi, 
and as it occurs in mice, it is quite easy to see how inlection of 
foodstuffs is passible. 

G. iniestinalis is an actively motile organism 
about 12 to 21 [I in length, and about 5 to 12 fi 
in breadth . It is pear-shaped, being surrounded 
by a thin periplast (ectoplasm), which keeps 
its form. The under surface (when attached) 
is excavated with a well-defined border, which 
is interrupted at the site of the cytostome. 

This hollow is probably a kind of peristome, 
and is useful in lixing the parasite to tlie 
intestinal epithelium. 

There are two oval nuclei, with dclinite 
nuclear membranes and with large irregular 
karyosomes in their centres. There is no 

connection between these nuclei, but betvVeen _ Giardia 

them lie two darkly staining lods with ex- iniestinalis (Lambl, 

panded ends, and which posteriorly are con- 1859). 

tinuous with the prolongations of the posterior (Micr Wenyon.) 
flagella into the body. From the thickened 

posterior ends of the two rods spring the mesial pair of flagella, 
while at their anterior ends is a small granule, from which arises 
the anterior pair of flagella, which, running forwards and inwards, 
cross one another and pass across the peristome, or sucking disc 
or sucker, to its raised margin, around wdiich they run, forming a 
kind of membrane, till nearly at the level of the nucleus they 
become free on each side. 

From the same anterior pair of granules there arise the second 
and finer pair of mesial flagella, running dowm on the mesial aspect 
of the nuclei, behind which they turn outwards along the margin of 
the sucker and finally become free. 

Sometimes there is a row of granules extending from the anterior 
granules to the nucleus on the same side. 

Behind the two nuclei there is a triangular area, which forms a 
groove running towards the tail . Dorsal to this groov e 1 ie twM darkly 
staining masses. 
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In addition in tlie living animal retractile granules can be seen 
lying in the anterior part of the animal on each side of the mesial 
line. From each of these gra.niik‘S a fine line runs posteriorly, and 
all these lines converging, as it were, into the handle of a fan, end 
in the tail, witli the movements of which they may be concerned. 

Life-History. — Reproduction may take place by binary fission. 
The jirocess is very complicated, the whole system of sucking disc 
and flagella being reproduced dorsally, and then the flagellate splits 
longitudinally, tlie fissure passing from before backwards between 
the sucking discs. 

Kofoid and Christiansen have described multiple fission in the 
lamblia of mice, but this has not been seen in those in man. 

Encystment begins by a thin wall being excreted, inside which the 
flagellate can be seen moving. Later the cyst becomes ovoid and 
the wall tougher, and the contained lamblia may or may not liave 
undergone division. Conjugation is not known to occur. 

The cysts are oval and measure 13-14x6-7 microns; the wall is 
smooth and transparent. Later the nuclei divide, giving rise to 
four nuclei in all, which are crowded together. 

Method of Infection. — The cysts escape in fsecal matter and are 
taken into house-flies, Musca and Fannia, etc., and passing into the 
intestine, eventually escape in the flies’ droppings, and so can 
infect human food. 

Pathogenicity.— It is usually believed to be the cause of the 
dianiuea with which it is associated. 
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TELOSPORIDIA 


Telosporidia— Gregarinida — ■Coccidiidea— Hacmosporidia — Hapmogregarinidae 
— Toxoplasmidae — • Piroplasmidae — Plasmodidae — Haemoproteidae — 
References. 

PHYLUM III. TELOSPORIDIA Schaudinn, 1900. 

Synonym. — Eimcrioinea Poche, 1913. 

Definition. — Parasitic 'plasmodromata without motile organ?;, in 
which the reproductive phase of the life-cycle, which produces spores, 
is distinct from and follows after the trophic phase. 

Remarks. — All the Tclosporidia are parasitic, and usually begin 
their life-cycle as small amoeboid bodies, with a single nucleus, called 
trophozoites, which absorb nutriment and grow, and when fully 
developed show a cuticle, an ectoplasm, and an endoplasm. The 
endoplasm is granular, and contains a vc^sicular nucleus with chro- 
matin karyosomcs. The nucleus of the fully-grown trophozoite 
now begins to divide, and the parasite is known as a schizont, 
which reproduces by spore-formation. These spores, called mero- 
zoites, complete the cycle of asexual reproduction called schizogony. 
At some stage in the life-history of the parasite, generally when 
conditions of life are not favourable, some merozoites are produced, 
which, instead of developing into trophozoites, become sexual 
gametocytes, male and female. These forms, which are often resis- 
tant, are the means of transmitting the given species from one host 
to another. They produce gametes, which conjugate and form 
bcxlies called sporoblasts, and, lastly, spores called sporozoites. 

Classification. — ^The Tclosporidia are divided into three orders: 
Gregarinida, Coccidiidea, and Haemosporidia, while the two latter 
are often put together into the Coccidioinorpha. 

These may be recognized as follows: — 

A. Only young trophozoites intracellular — Gregarinida. 

B. Full trophozoite stage intracellular — C occidiomorpha . ^ 

I. With resistant spores in the sporocysts — Coccidiidea. 

II. Without resistant spores in s^orocy sis— UcBmosporidia. 

ORDER I. GREGARINIDA Lankester, 1866. 

Synonyms. — GregarinidealLj 3 .YL)^e^\,G.T, 1885 ; I5a<cckel, 1866. 

Definition. — Tclosporidia, in which only the young trophozoites are mpn,- 
cellular, the fully-grown forms being extracellular. 
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Reproduction by Schizogrony or Sporogony. — The gregnrines are essentially 
parasites of the invertebrata, not being found in true vertebrates, though 
known in Amphioxus and Ascidians. They are generally found in the Arthro- 
poda and worms, and appear to be non-pathogenir. 

"J'hcir life-history may l)e briefly described as follows: — I'he young tropho- 
zoite enters a cell, gcnc;rally of the alimentary canal, in which it grows, appar- 
ently causing considerable damage, for the cell first swells and afterwards 
degen eratt'S. 

In the meanwhile the parasite has found its way either wholly or ])arlially 
out of the cell, to the remains of which, however, it is attached until all 
nourishmenl is ( xtracled, when it becomes cadozoic — i.e., it leaves the remains 
of the cell, and dwells ('ithcr in the alimentary canal, the cadome, or the 
blood slia^am. 'f'he young ])arasitc is unicellular, having its cytoplasm divided 
into ectoplasm and (uidoplasm. The ectoplasm is hyaline, and when fully 
developed has three layers: (i) external epicc'te, (2) middle sarcocyte, (3) in- 
ternal myocyte. 

'J h(‘ last-named contains eontrac. tih' fibi ils called myoncmes. The endo- 
plasm is grannlar, and eoniains a. well-develo])ed vesirnlar nucleus. A uni- 
cellular gregarine, such as Ihis, belongs to the suborder Aeephala, and is 
illuslratc'd liy Monocysfis a^ilis Stein, which is fonnd in the vesiculae seminales 
of hnmhriciis tryyf’styis. 

On the otlier hand, in such .'i gregariiu^ as Pyxinia fycnr.dl Laveran and 
Mesnil, a. part of the s])orozoite grows oui from the. cell, and into this extej'nal 
portion Ihc' mulens lra\’els, dhe ])or1ion left in the e(‘ll is known as the 
‘ ejhinc'rile,' while 1lu' exiernal portion, growing considerably, is divided by a 
sc^Aum into a ‘ jirofoinerilc' ’ near tin* cell, and a ‘ deutomc'rite ’ away from tlie 
cell. 

The parasite in this condition is called a cephalont, and belongs to the sub- 
order Cei)halina . 

In dnc' course' ihc' tro])bozoit(‘, whedher enlirely or ])arlialh^ in tlie cell, is set 
free, ('itber by bnrsling its way out, or by a scpaiatic)n between the c‘pi- and 
]n'(>to-m('ritc\ 'i he cell now degc lUTa tes, aiid the ])arasite may be called a. 
s])oront. S]iorog()ny takc's place by two s])oronts or gametoc ytes lying side 
by side bc'coming ('uelosed in a c-ysi with two walls — an external cpicyst and 
iiit c'rnal endoc yst . 

'f'he karyosomes of the imclei of the gametocyic'S now brc'ak up into 
( hroinidia, cvhieh eolleet to form the generatixe luielc'us. 'fhis dividers by 
mitosis to form a large' number of nnelei, which, travelling to tlu' snrtacc and 
surrounding tln nisc lx-es with evt()])lasTn, become detached as gametes, the rest 
of IIk' cell forming a iitfcli'us dc yrlKfiud or residual mass. 'I'hiis, inside the; cyst- 
walls tlu're are gamed es from txvo se])a.rate jiarasites and two rc'sidual masses. 

Gametes jne'sumaldy from different indixdduals fuse and form a tnu' zygote 
with synkaryon. hiaeh zygote represents a sporofilast, and eac h s]:>ore)l)last 
becomes a single spore' by tin- se-eretion of a ehitiuous eutiele and the' e ontrae - 
tion of its ]ire)te)])lasm (called by Mincbin the' s])e)rc^})lasm '). This siioroplasm 
dix ie] ('s by a mitosis into eight sporozoites aiul a. residual mass. During this 
process the two residual masses of the original cyst disappear. The c yst now 
e-ontains only the spores xxdneh used to be calk'd pseuelouaxdeelUe. '.these 
spore's are' inte'uded to eouve'v infee tion to a new hejst , in the intesliiie of wdiich 
they set free' the spoi'ozoites, xvhieh ])re')m])llv attack e'ither the cells of the 
inte stine' or some othe r organ, thus completing the e vele of syiorogonv. 

Schizogony. — -'this is nneommon in the gregarines, being only I'onnd in the 
Srlu/ogregarinida'. It is ty]ueallv sc'e'u in Si hirsocA'stis, in which tli(' tTo]dio- 
zoite- grexxx's into a se hizont, wliosc' nneleiis dixides into a large mimber of 
daiightc'r nuclei, round c'aeh of whie b a portion of cyto])lasin gathers, forming 
a nu'io/.oite'. 'fhis, ese'a]dng from the sehizont, infeeds another eell, thus eom- 
])l(ding the cycle of schizogony. Some of tlie me’reizoites may dc'xadop by 
sjiorogonx'. 

Classification, 'the gre'garines are classified as follows: 
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SUBORDER I. SCHIZOGREGARINARIA Dollciti, 19 >9. 
Synonyms. — Schizogre^arinofMmchm, 1903; S('hi::ocysliHa IVxlic, I0f3. 
Keproduction by schizogony and sporogonv. 

Genera. — Schizocystis Leger, igoo, in the intestine of Ccratopoyon ; O [ylirvo- 
cystis Schneider, 1884, in the Malpighian tubules of beetles. 


SUBORDER II. EUGREGARINARIA Doflcin, 1901. 
Reproduction as usual f>y sporogonvc Schizogonv very rare', if jua'seul at 
all, and only in the earliest cytozoic stages, d'lic luigregariuida ar(' divided 
into two tribes. 


Tkibe I. Aceptialina Dclagc Ilerouard, iSgd. 

Synonym. — Monccyslidm Haeckel, 1866. No cpiiuerite and no sojda. 

Genera (eighteen described by Minchin). — Monocysf is Slein, iSjS, parasitic 
in the vesiculac seminales and body cavities of the Oligocluxbe and C'yclo))ida' ; 
Zygocystis Stein, 1848, in Lnmhricus agricola ; Zvgosorua Labbe, 1899; Ijuihcs- 
tcria Mingazzini, 1891, in Ascidians. 

Tribe 2. Cephalina Dclage Ilerouard, j8(>b. 

Synonym. — Polycyst idea Haeckel, iSOO. With e])inierile, and with or vvitli- 
out a septum in tfie body. 

Subtribe i: Gvmnosporea Leger.---Cyst with naked sporozoiltcs 
(gymnosporcs). 

Family I : Agcregatid.Tv Labbe, J89(^ 

Genus, — Aggrcgata Frenzel, 18S5. Sporozoites groujxal about residual 
masses. 

Family 2; Porospokid/r Labbe, 1899. — h'a,cli s])oroblast giving rise to 
numc'rous sporozoites grouped round a residual mass. 

Genus. — Porospora Schneider, 1875. P. giganlca in the lo])ster. 

Subtribe 2: Angiosporea. — Spores well developed. 

Family i: GREGARiNiOiii: Greene, 1859.- Tro])hozoites with simple 
epimerites. 

Genera. — Gregariua'DuiowY, 1828. Epimerite conical or knobbed. S]:)ecies 
found in cockroaches, earwigs, meal-worms, and in the intestines of other 
insects. Gamocystis in the cockroach; also EirmocysLis, J fyalospova, Euspova, 
Sphe^rocystes , C n c rn i dospora , 5 te n ophora . 

Other families are Didymophyida?, Dactylophoridan Act inoc(4)ha]ida\ 
Acanthosporidap, Monosporidae, Stylorhynchidae, and Doliocystidae. 


ORDER II. COCCIDIIDEA. 

Syn'^nyms. — C occidiomorpha Doficia, 1901; Eiincridca Poche, 
^ 9 ^ 3 - 

Definition. — Telosporiclia, parasitic, as a rule, in ejiithelial cadis 
of vertebrates and invertebrates. Reproduction always by both 
schizogony and sporogony. 

Remarks. — The Coccidiidca were recognized as long ago as 1839 
by Hake, who did not know that they Were animals, that discovery 
being made by Rcmak (1845); while Lieberkiihn in 1854 showc^d that 
they were allied to Gregarines. Leuckart (1876) gave thtan the 
name Coccidium, while Schaudinn in 1900 first described a full and 
complete life-history of Coccidium schuher^i, which will be taken a? 
the type. 
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Coccidium schubergi Schaudinn, 1900. 

Coccidium schuberf^i begins its life-history in the intestinal cell oC the centi- 
pede (Lithohius forficatus L.) by a sporozoite pressing its anterior end against 
an intestinal cell, and thus forcing a way into its interior. 

Inside this cell it becomes the young trophozoite, an oval body which grows 
rapidly at the expense of the protoplasm of the cell, and in twenty-four hours 
attains its full size. 



Fic. l^p). -DiAt.RAM OF THE LiFE-HlSTORY OF CoCcAdiuill 
schubergi Sciiafdinn. (Aftei Schaudinn.) 

I, Sporozoite entering a, n intestinal canal; 2-3, trophozoites; ^-5, schizonts; 
()-8. merozoites; 9, young ga.metocyte ; ^oa-Jia, microgainetocyte ; iob-\ib, 
inacrogametocytr; 12^, mierogametes ; 12b, macrogamete; 13-16, oocyst; 
17, sporocysts; 18, spoic)zoites. 

It is now called a schizont, because its nucleus divides into a number of 
daughter nuclei, which are tormed into merozoites in the usual way. These 
merozoites, set free by the breaking up of the schizont, attack new intestinal 
cells, thus increasing the infection of the host. 

This process cannot, of course, go on for any length of time, for a limit to 
the nutritive power of the host is reached in five days, when the parasite must 
attemjpt to infect a new host, and this is done by sporogony. 
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Some mcrozoites now become differentiated into micro- and macro-ga- 
metocytes. The former consist of finely granular cytoplasm, with lillle 
reserve material, while the latter are bean-shaped and have much food- 
material. The microgametocyte forms the microgametes by its nucleus 
becoming irregular, and forming line achromatic paths through the cytoplasn. 
to the periphery of the parasite, along which chromidia travel from the nucleus. 

At first, scattered evenly along the periphery, these chromidia gather into 
patches, and finally fuse into masses, enclosing in each a vacuole. The 
masses of chromatin lengthen, and by bending project from the cytoplasm, 
which now forms two flagella, whose active movements set free the micro- 
gamete. 

In the meanwhile the macrogamctocyle becomes a maciogamete by expul- 
sion of the karyosome of the nucleus. 

Micro- and macro-gametes now fuse ai d form a zygote with a synkaryon. 
Tlie oocyst, as it may be called, now passes out of the body of the host, and 
divides into four sporoblasts. t^ach sporoblast now develops two vacuoles 
and a cyst-wall, the sporocyst, so that the sporoblast is often called the spore. 
The nucleus of the spore divides into two, while the two vacuoles fuse and the 
cytoplasm divides, forming two sporozoites which arc capable of infecting a 
new host, being set free by the acid of the digestive juices., 

Sporogony takes about two to three Jays for completion. 

It may be as well at the present time, when so much disputation is taking 
place re Schaudinn’s work on trypanosomes, to mention that he worked out 
this life-history, which has never been refuted, though the parasite was found 
in com})any with C. lacazei Labbe and Adelca ovata H. Schmuder. 

Classifleation of the Coccidiidea. — The usual clas.sifu ation is that by Leger in 
lyoo, and is based upon the number of sporozoites in each cyst. 

Family i. Asporocystid^. — Sporozoites naked, no sporocysts inside the 
oocyst. 

Family 2. DispoROCYSTiDjK. — Oocyst has two spores. 

Family 3. TEXRASPOROCYSTiDiE. — Oocyst has four spores. 

Family 4. Polyspokocystid^. — Oocyst has many spores. 


Famtt.y Aspokocystip^ Lcgcr, 1900. 

The genus included in this family is Eimeriilla Stiles, 1902, of which there 
is only one species. Eimcriclla nova Schneider, 1819 in the Malpighian tubules 
of Glomoris. 


Famply DispoKOCYSTiPd?: Lcgcr, 1900. 

The genera of this family are: Cyclospora A. Schneider, t 8S[ (spores dizoic) ; 
Dtplospora 1893 (spores tetrazoic) ; Isospora A. Schneider, 1881 (spores 

polyzoic) . 

Isospora A. Schneider, 1881. 

Definition.— Disporocystidre with polyzoic spores. 

Isospora bigemina Stiles, 1891 . 

Synonym,— Cytospcymiimi villorum iri '.cstiualuim canis ct jdis Rivolta, 1874. 

This parasite lives in the intestinal villi of dogs and cats, and is distinguished 
because it is small and because it is in pairs, the oocyst dividing into two equal 
portions, which become encysted and form two spores [vide Coccidiosis in 
man infra). 


Family Tetrasporocystid.f Li'ger, 1900. 

Type Genus, — Eimcria A. Schneider, 1874. 

Synonym. — Coccidium Lcuckart, 1879 (the dizoic spores are spherical or 
oval). Other Genus: Crystallospora Labbe, 1896 (the dizoic spores have the 
fprm of a double pyramid). y.- ’ 
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Eimeria A. Schneider. 1875. 

rciyaspovorA’stidre with Hit' loniiation of an oocyst ai ter f ecu ndaf ion ; spoio- 
blasts in the form of a ]3yriunitl; sjiorcs globular or oval, provitlcfl with a 
micropylc. 

Eimeria stiedSB Lindeniann, 1865. 

Synonyms,- - J'sorospi'yniium cnuiciili IHvolta, 187S; Coocidiuyn oviforme 
Leiickart, jeSyp; C. perforans Lent: kart; PJcificna pvinceps Labbe, jHgO. 

44 iis is tile coninion sjx'cies found in the liver of rabbits. The spores 
swallowed hy the rabbit art' openeil f)y the action of the acitl of the gastric 
juit t‘, and Hit' sporozoit t s st't free ascentl the bile-duct, and pass into the cells 
lining tlu' srnall bile-diK Is. Here they ])ro[)agate vigorously by schizogony, 
causing |nolileration of the epithelium and connective tissue of the ducts, so 
that tint k-vvallcd nodules, more or less isolated anti containing caseous material 
(consisting of detritus, pus, ejiitlielial t ells, and coccidia), are formed . The 
inllamma tion may bt' severe enough to kill the rabbit. 

Sporogonv inoceetls with tin' formation of macrogamettxytcs with macro- 
gamclcs, and the init rogametocytes with microgametes, which conjugate and 
lorm zygote, sporoblasl, s])ores, and sjiorozoites {vide Coccidiosisin man, infra). 


h'AMlLY P()T.VSP()R()C^’STIDiE Lcgcr. 

C'onijuises a large number of genera: Adelea A. Schnt'ider, 1875 (tlizoic); 
J\/ossi(( (tetrazoic) A. Schneitler, 1875; Mijic/iinia Lablie, 1896; Klossiella 
Smith and Johnstont', kjoz ; Barronsia {monozoic) ; Bcnedcnia (trizoic). 


Coccidiosis in Man. 

The titiiiost confusion has existed as to this infection of man, 
l)nt now, tliaiiks to tlie labours of Dobell, whose writings we have 
followed, tile subject is more defined. 

In 1841 Jc^liaiines Mtiller introduced the name ‘ psorosperms ’ for 
the spores of tlu' myxosporidia, and as the coccidia wore believed to 
iT'SembU^ these' bodies, tlu'y were called ‘ oviform psorosperms ’ 
until J.euckart in 1(874 gave them the name coccidiiim. The various 
dis('.ases and cases rightly or wrongly calk'd coccidiosis at any time 
in man may be considered as follows: — 

Diseases now known not to be Coccidiosis. — These arc (i) a form 
of blastomycosis (granuloma coccidoides) ; (2) rhinosporidiosis; 
(3) Darier’s disease; (4) molluscuni contagiosum. 

Cases wrongly diagnosed as Coccidiosis. -These are the cases 
descrilu'd by \hrchow (1860). Rivolta (1873 and 1878), Grassi (1879), 
Todwyssoki (1889), Gih's (T890). Jiirgt'ns (1895), Ouincke (1899), 
Thomas (1899). Grunow (190T), and probably by Kiinstler and 
jhtres (1884). 

Cases correctly recognized as Coccidiosis.- -Dobell considers that 
over sevc'iity cases, mostly from the Near East, have ri'cently 
been recognized as coccidiosis. Idu'. earlier cases are:- - 

He[yaiic.- -GwxlAcv in Ihiris (1858), Dressier in Prague (recorded 
by Leuckart in i8()3), Sattler in Vienna (recorded by Ivcuckart in 
1879), Pi'ds in Giessen (recorded by Leuckart in 1879); Peris and 
von^^Sdmmering ( ?) (recorded by T.euckart in 1879), and Silcock in 
London (1890). 
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Intestinal , — Kjellberg (recorded by VircliosV iii i860) and two 
cases by Eimer (1870). 

Fcdcal.- -These, are numerous. The earlh^st arc Woodcock (1915), 
Low (1915), Wenyon (1915), Woodcoede and Pcnfold (1916), Dobell 
(1916), Roclie (1917), Cragg (1917), Wenyon and O’Connor (1917), 
Savage and Young (1917), Castellani and Richards (1917), Martin, 
Kellaway, and Williams (1918), Boney, Crossman, and Boulenger 
(1918), while Dobell (1918) has found a new form. 

Coccidia found in Man. — The coccidia found in tlie above cases 
may be classified as; — (1) Isospora iwminis Rivolta, 1878, emendavit 
Dobell, 1918; (2) Eimeria wcnyoniD(Te\\, 1918; (3) Eimcria cxyspora 
Dobell, 1918; (4) the hepatic coccidium of man. These species may 
be described as follows : — 

Isospora hominis Rivolta, 1878, emendav it 1913- 

Synonyms . — rsovospevnnen Vircliow. iSGr), Leiicknrt, uSGs, Famcr, iSyo; 
Cytospermium iKnniiiis Rivolta, 1878; Coccidium peyfovans jA'Uckart, 1879; 
Coccidium bi^cmiuuni var. hominis Railliot and laicet. T<Sr^r; Coccidium per- 
forans var. kjcUhcvg Labbe, 1899; Coccidium hominis Rivolta, 1878, emendavit 
Labbc, t89(); Eimevia sliedrc Jandcinann, pro parte l^iiJie. 190G; Isospora 
bigemiua Stiles, 1891, pro parte i9o(). 

Definition. — Isospora with oocysts elongate, ovoid in form, 
narrow end drawn out into a neck. 25-33 x 12-5-16 microns, with clear, 
colourless, and porcellaneous Wall, with two or more hiyers and an 
inconspicuous micropyle at narrow end. Development of spores 
takes place outside of liost, and requires seviTel days for completion. 
Oocyst forms two round sporoblasts, from which a rise two sporocysts, 
which form four vermiform sporozoites and leaver a large granular 
sporocystic residue. Habitat, man. 

History. — /. hominis was discovered by Kjellberg about i860, in 
the villi of the small intestine; it Was seen in 1870 by Rimer, and 
was named in 1878 by Rivolta. Its oocysts were probably first 
found in hnma.n frcces by Railliet and Lucet in 1890, but the first 
clearl}^ recognizable account is that given b}^ Wenyon in 1915, since 
when some fifty cases of infection have been recorded, making in 
all, with the cases seen by Castellani and Richards in the Balkans, 
about seventy infections. 

Distribution.^ — It has been found in people coming from Gallipoli, 
vSalonika, ligypt, Mesopotamia, and in the Balkans. 

Pathogenicity.— 1diis is believed to be nil, as most cases showed 
merely a small and transitory iniection. Animals have so far not 
been infected with this parasite. 

Eimeria wenyoni Dobcdl, 1918. 

Synonyms. — Eimeria (Coccidium) Wenyon, 1915 ; Coccidium 
(Eimeria) Wenyon, 1916; Eimeria sp. Dobc;!!, 1917. 

Definition. — -Eimeria with a sjdierical oocyst, 20 microns in 
diameter, with outer surface rough and rugose, inner smooth and 
lined by a delicate membrane. Four oval spores measuring 10x7 
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microns. External surface of sporocyst rough. No oocystic 
residual body. Each spore contains two typical sporozoites ana 
one or two sporocystic residua. Habitat, man. 

History,— n is parasite was found by Woodcock and Wenyon, 
in 1915, in tJio fcccc^s of a British soldier from Gallipoli. It Was 
again found by Roche in i()iy in three cases at Salonika, so that 
the total infections up to date (1918) are four. 

Distribution. — Sliores of the Eastern Mediterranean. 

Pathogenicity. — Unknown, and no attempts so far made to infect 
animals. 

Eimeria oxyspora Dobell, 1918. 

Definition.— Eimeria witli spherical oocyst 36 microns in diameter, 
with faintly yellow transparent wall, composed of at least two dis- 
tinct layers, containing four dizoic spores and a small oocystic 
residue. vSpores long, sharply pointed at both ends, x 7*5 

microns. Sporocyst lias a tough endospore and deciduous epispore, 
the icmains of wliicli give the spore a frilh^d appearance. There arc 
two sporozoites in each spore, Witli pointed anterior and rounded 
posterior ends, whicli contain the niichuis. 

History. — -TIkj parasite was found by Dobell in a young man who 
had been in vSoutli Africa, Ceylon, and India. 

Distribution, — Unknown. 

Pathogenicity.- -Infection small, but pathogenicity not certainly 
known, because the jTritient was infected with T. histolytica and 
Ancylostoma, Ikdieved not to be pathogenic. 

The Hepatic Coccidium of Man. 

Synonyms.— CtV/w/cs ovoides (?) (vufs d'helminthes Gubler, 1858; 
Corps ovi formes Davaine, i860; Psorospermien Leuckart, 1863; 
Psorospermi Kivolta, 1873; Coccidium omforrnc Leuckart, 1879; 
Coccidicn Jeher psorospermien Blitsebli, 1882; Coccidium cuniculi 
(Kivolta) Blanchai'd, 1896; Eimeria stiedee (Lindemann) Liihc, 1906; 
Eimeria (?) sp. DobiB, 1918. 

Definition. -Not a t ])resent capable of definition. 

History. -It was first recorded by Gubler in 1858, in a quarryman, 
aged forty-five, in Paris. Tliis man is said to liave died from 
peritonitis. He siifh'rcd from dig(;stive troubles, andemia, and had 
an enlarged liver. Post-morKun the liver contained many tumours 
of a cancerous appearance, in which were numerous ovoid cells 
or eggs of lu'lminthes, at least four times the size of the largest cells 
of tlu‘ surrounding tissue. vSorne had a distinct double contour, and 
Were complet(!ly iilled with granular contents. One end was rather 
blunter than the other, whicli showed a slight constriction, and had 
a small depressed surface, as though an operculum or micropyle 
were present. 

The second case was found by Dressier of Prague, and consisted 
of three small nodules in the margin of a human liver. These nodules 
contained a whitish pulp, which surrounded oval bodies 18-20 microns 
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in length, and his drawings show four oocysts. The third case was 
discovered by Sattler of Vienna in a pathological preparation. It 
showed a dilated bile-duct with greatly proliferated epitlielium 
and GOGcidia. 

The fourth case is by Peris; it was from a preparation made 1 /y 
von Sommering, and is said by Leiickart to have contained coccidia. 

The fifth and last case is that described by Silcock in i8go at 
St. Mary's Hospital, London. A woman aged fifty had enlargement 
of the liver and spleen, with fever and slight diarrhoea. At the 
post-mortem the liver was much enlarged and showed a number of 
caseous foci. The ileum contained six papule-like elevations 
vSurrounded by an inflammatory zone, and the large intestine had 
deeply congested patches of mucosa. 

In the Gaseous nodules Were agglomerations of small oval, egg- 
like bodies, with granular contents and a well-marked capsule, and 
Were considered to be identical with Lcuckart’s coccidia. They were 
kept in Water, and psorosperms freely developed. He considered 
them to be Cocci dium evifonne, and to be present in the spleen, 
but does not state anything definite as to the intestine. 

In all, therefore, up to 1918, five cases have been recerded. 

Dobell does not consider this parasite to be Eimeria stiedee, 
judging from Drcssler's drawings. 

Gubler’s case Was considered to l)e a hydatid cyst. Dobclfs 
ccnclusions arc that there is a coccidial parasite which very rarely 
occurs in the human liver, and resembles E. siicdcu, but is consider- 
ably smaller and is probably a distinct species, though perhaps 
belonging to the same genus. 

Distribution. — Europe. 

Pathogenicity. — It causes cyst-like swellings of the liver, with 
enlargement of that organ. 

ORDER III. HiEMOSPORIDIA Doflein, 1901. 

Synonym. — Hcemocytozoa Mesnil, 1915. 

Definition. — Telosporidia, Coccidiomorpha without resistant spores 
in the sporocysts and with the trophozoite stage intracellular. 
With alternations of generation, schizogony in a vertebrate and 
sporogony in a blood-sucking arthropod or leech. 

Remarks. — Mesnil considers that the family Ha^mogregarinidae 
is related to Leger’s Adeleidea division of the Coccidiidea, and the 
PlasmodidcC to the Eimeridea division, and that they should find 
their places in that group. He considers that the genus Leucocyto- 
zoon should come into the Haemosporidia, and that the Piroplas- 
midae require more study in the invertebrate before being classified. 
There is no doubt that Haemosporidia is merely a temporary order 
in which to place forms pending a fuller classification, which will 
probably be on the lines indicated by Mesnil. 

Classification, — -The following families may be temporarily ])laccd 
in this order for convenience, and can be differentiated as follows;-— 
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A. Without hamozoin : — ■ 

I. Live in red and white blood cells in the peripheral 
bl ood — llcemogregarinida: . 

II. I dve in white cells in the organs — Toxof>lasmidce. 

III. I AVc in red cells in the peripheral Wood— Piroplas- 
midtc. 

B. Wilh Juvniozoin : — ■ 

1. Ookinete eiKysts and forms an odoysi—PIasmoclida’. 
II. Ookinete is not known to owoy^i—Hcrmoproteidcv. 


Family IkLMOGREOAKiNiDiE Neveu-Lemaire, 1901. 

Synonyms. — Ihrnwspovidia I^ibbe, 1S91; HtZ’mospovccid^iMnQhin, 1903. 

Deflnition. — I'elosporidia , in which either llic gametocytes or the scJiizonts, 
or botli, art' jire.^' iit in red or while cells in the peripheral blood ol vertebrate.s, 
and in whit li scliizogony lakes place either in the cells ot the pcrj])hcral blood, 
or in those ol sonu; organ, while sporogony takes jrlace in the body of some 
blood- sucking invertebrate, such as a leech, a tick, a mite, or an insect. 
Neither scliiztmls nor sjioronts contain luemozoin. 

History. — Although the hrst haemogregarine was dis- 
covered in a Irog as far back as 1850 by Chaussat, who 
thought it was a nematode, it is only onite recently, owing 
to tlie labours of Sambon, Miller, Miss f^obertson, Christo- 
])hcrs, and others, that any accurate knowledge has been 
obtained. 

The evolution of the knowledge conccTiiing these para- 
sites may be bi ieily stated. 

J)is(overed, as mentioned above, by Chaussat, they were 
next seen by Ray Rankester in 1871, and tlionght to be a 
stage in tlu' life-history ol th(? frog trypanosome, T. (Un- 
duliii(t) rotatorifni, and then by Ciaule in i8(So, who mistook 
them for cell inclusions. In 1885 Danilewsky first applied 
tlu' name' 1 1 aDmogregarina ' to the parasites he loiindinthe 
blood of tortoises and lizards. In 1894 Labbe classified tliem, 
according to the relationship between the length of the 
])a,rasitc and tliat of the blood cell, into (1) Dt cpatudiiini, 
parasite not more than thrce-(]narters of the length of the host cell; (2) Kavyo- 
lysits, ])arasitc not exceeding host cell in length, and destroying the nucleus; 

(3) iJaiiilcwshya , parasite exceeding the host cell in length, and bent upon 
itself. 

The term Drepanidium having been previously employed for one of the 
Heterokaryota, it was necessary to alter it to LankcstcrcUa, and the term 
Datiilcivshya was also altered by Danilcwsky in 1897 to ‘ Hannogregarina ' 
[soisn iitricto)] but since Sa.mbon and others have described so many new 
species this c lassification no longer stands, nor can a natural arrangement be 
proposetl until the life-histories of the various species arc fidly known; there- 
fore tlie suggestion of Laveran is being universally adopted, which consists of 
arranging tliem according to the classes, orders, and genera of the hosts, and 
distinguishing onl}^ one genus, J Icrmogyegayina Danilewsky, 1885, the various 
species of wliieh are arranged into four groujis: (1) IRemogregarinida of 
mammals; (2) llasmogregarinida of reptiles; (3) H annogregarinid a ol amphibia ; 

(4) llasnogregarinula of fish. With regard to the Haemogregarinida of mam- 
mals, they were first discovered by Rcntley in the blood of a pariah dog [Canis 
faniiliaris) in Assam, and confirmed by James in 1905. In 1905 Balfour 
discovered Ihrmogrcgariva jaculi Balfour, 1905, in Jacuhis gordoni in 
Khartoum, and described the cycle of schizogony; but though numerous ex- 
periments were conducted with Xenopsylla claopatyat, species of Dermanyssus 
(mites), and Clinocoris rotundatus, only the liberated gametocytes have been 



Pig. 137.- Uci- 
wogycgarUia 
cant lei Samuon. 

(After Sambon.) 
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traced . A danger is to mistake Crithidia pulicis of the flea for a dev olopmental 
stage of the H.jaculi. 

In 1905 Christophers discovered H. gcybilli in the Indian flcld-ral [Gcyhilliis 
indicus), and traced its schizogony and later cyst-formation in a louse 
{HyBmatopim^s stephensi)] but he did not obscrv'c conjugation, nor did lie 
reinfect rats from the louse, and finally in 1907 he appears to tliink it probable 
that the cysts he described may have nothing to do with the ha'iiiogregarine. 



Fig. i.|8. — LiFn-CvcLE of Hcomogvegavina nmvis Balfour. 

(After Miller.) 

I, 2, Free sporozoites in the intestine of the rat penetrating the villas and 
entering the blood; 3, entering the liver cells; 4-8, schizogony in the liver; 
9, racrozoite about to reinfect a liver c> 11; lo-n, mcrozoite iuLecting a white 
blood cell; 12, free vermicules in the stomach of the louse; 13, conjugation; 
14, the zygote; 15, ookinete in the stomach; 16, obkinete in the wall of 
the stomach; 17, ookinete; 18-19, oocyst; 20, sporoblasts appearing; 21, early 
sporoblasts; 22, sporoblasts; 23, late sporoblasts; 24, formitioii of sporozoites 

In 1906 Adie discovered a ha?mogregarinc in Epimys raiius, Balfour one in 
E. norvegicus, Christophers another in Eelis domestica, Batlon another in 
Funambulus pennantii. 

In 1907 Christophers traced the sporogony of H. canis in Ehiptcrphdlus 
sanguineus. In 1908 Miller contributes a most valuable paper on //• niuns 
Balfour, 1905, under the term Hepatozoon perniciosum Miller, 1908, in which he 
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not merely traced out the cycle of schizogony, but also iully that of spoi ogony. 
This was the first descri])tion of the full lile-hislory of a hasniogi egarine 
given. This paper is also of the greatest importance in arranging the classifi- 
cation of the Haeinogregai inida, lor, as already stated, Kay Lankestcr in 1871 
believed thsii H . imvima might be a stage of Trypanosoma rotaiorium,^p\A in 
this was supported by Killet in 1904, who considered that he could infect 
clean frogs with haniogregarines by the bites of leeches containing trypano- 
somes. 

Brumpt’s experiments in 1904 on the sporogony of H. hagenesis in the leech 
(Placohdella caicnigera) also sui)])orts this theory by finding a binuclcate 
condition in the ookinetes. Miss Koberlson believes that haemogregarines have 
a trypanosoma stage. These observers would therefore classify the Haemo- 
gregarinida with the Binuclcata; but against this Brumpt in 1907 has shown 
that Billet was probably mi.staken, for if leeches infected with T. inopinatum 
are placed on a ‘ clean ' frog a trypanosomiasis results, and the fact that 
though Sanibon has otten seen haemogregarines in snakes and lizards, trypano- 
somes are absent or rare. 

The life-history of II, nmris as worked out by Miller shows no trypanosome 
stage, and clearly indicates that the Ha'inogregarinida belong to the Telo- 
s])oridia, and are related to the Gregarinida ancl Coccidiidea, as was pointed 
out by Laveran in i8y8. 

With regard to the llajmogregarinida of reptiles, a very complete work 
is that of Sanibon in 1908 on the parasites in snakes, where a full history 
will be found. Those which occur in tortoises and crocodiles have been 
studied by Danilewsky, Castellani and Willey, Miss Robertson, Dobell, and 
others, while Siegel has worked out fully the schizogony and sporogony of 
H. stepanovi in the leech. 

The Haemogregarinida of lizards have been studied by Danilewsky, Laveran, 
Mincliin, C. h'ran^a, and others, and those of amphibia by Chaussat, Lankester, 
Billet, Durham, Brumpt, Labbc, Lesage, and others. 

Life-History. — d'he most accurately known life-history is that given for 
H. mttris Balfour by Miller. 

Schizogoyiy. — The asexual reproduction takes place in the cells of the liver, 
in which the young trophozoite appears as a small spherical organism with a 
large vesicular nucleus containing a well-defined karyosomc. d he trophozoite 
grows at the expense of the liver cell, the nucleus of which is pushed to one 
.side, and in due course becomes a schizont, which divides into twelve to twenty 
nierozoites, and a ‘ rest ' body. 

Some of these nierozoites on liberation enter fresh liver cells, and continue 
the cycle of schizogony, while others enter mononuclear leucocytes, in which 
they become encysted, and develop into gametocytes. 

Sporogony. — Sexual reproduction takes place in a mite belonging to the 
Gamasida' called Lclaps echidninus Bcrlese, which lives on the blood of the rat. 

The gametocytes, liberated from the leucocytes by the digestive action of 
the juices of the mite’s gut, arrange themselves in couples, which are at first 
exactly similar, but which later differentiate into a large encircling form, 
which is more granular, and which is probably the macrogamete, and a smaller, 
more rounded, and less granular microgamete. Zygosis now takes place, 
forming an ookinete, which grows, and leaving the gut by piercing the wall, 
forces its way into the body cavity, which consists of a series of small spaces 
between the organs, and further into the sheaths of the muscles, and into the 
investing mcmbrarie of the salivary glands. 

In the tissues the ookinete encysts and becomes the oocyst, which grows 
rapidly in size, and undergoes nuclear division. 

The daughter nuclei migrate to the periphery, which becomes covered with 
50 to 100 bud -like projections, in each of which a nucleus is to be found. These 
buds break off from the central mass, and form the sporoblasts, the nuclei of 
which divide, forming daughter nuclei, which gather at the poles, while the 
whole sporoblast encysts. Short rod-like processes of cytoplasm, each con- 
taining a nucleus, now break off from the sporoblasts, each of which becomes 
a sporozoite, of wliich there are on an average sixteen to each sporoblast. 
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Infection of the rat takes place by ingestion of the mite, when the sporozoites 
are liberated by the juices of the duodenum, and become actively motile 
striated vermicules, which penetrate the intestinal villi, enter the blood stream, 
and are carried to the liver, into the cells of which they penetrate, and start 
the cycle of schizogony. 

As the mites leave the rats during the day-time, and only feed on them 
during the night, it is easy to understand the manner in which the disease 


spreads from the sick to the healthy. 
Variations in the Life-Cycle.— 

The life-history of H. muris is 
peculiarly interesting, because it 
is fully known, but it is not quite 
typical for all haemogregarines, 
for in it the gametocytes alone 
are found in the peripheral blood 
and they are enclosed in leu- 
cocytes. 

Other species, however, show 
marked differences from H. muris, 
for the majority are found in red. 



Fig. 149 . — Hcemogregarina vitiates 
Robertson, showing Schizo- 
gony. 

(After Miss Robertson.) 



Fig. 130. — Hco^nogregarina rarejaciens 
Sambon, showing Male and 
Female Schizonts. 

(After Sambon.) 


not white, corpuscles, while in some the whole process of schizogony is 
completed in the blood stream; therefore a few more general remarks are 
necessary to supplement the life-history given above. 



Fig. 151. — H cemogregarina rarefaciens 
Sambon: Young Gametocyte. 

(After Sambon.) 



Fig. 152. — HcBmogrcgarina seligmanni 
Sambon, showing Capsule and 
Cleavage Lines. 

(After Sambon.) 


The peripheral blood of the vertebrate can contain trophozoites, schizonts, 
and gametocytes lying either in red or white corpuscles, the two latter being 
contained in a double capsule, which is probably formed by the p.yasite, 
and which is always in close attachment to the nucleus of the host cell. 

Schizogony begins with the young trophozoite lying free in the enclosing 
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cell, as an oval, lusiform, or club-shaped mass of cytoplasm with a large, 
homogeneous nucleus. As this trophozoite grows it becomes cncapsuled, 
and forms the schizont, which, when fully grown, is a large oval or rounded 
body, with a central nucleus, and with the cytoplasm filled with spherules. 
This schizont usually lies in an enlarged and dehaemoglobinized cell, in which 
it is seen to be surrounded by a thick capsule, which shows three definite 
cleavage lines, of which two cross it transversely a short distance from either 
pole, while the third is longitudinal. 

There arc Iwo varieties of schizonts, one which gives rise to relatively few 
large nierozoitcs called ‘ macromerozoites,’ while tin; other breaks up into 
relatively many small micromerozoites. 



Fig. 153. — H(em(\i^vegaviyia mirabilis Castellani and Willey, showing 
THE Escape of the Gametocyte from its Capsule. 


(After Castellani and Willey.) 


'J'his clifEerentiation is c onsidcred to be a prelude to the iormation of macro- 
and micro-gamelocytes. Usually the schizont divides into eight, twelve, or 
sixtc'cn merozoitc'S, wliieh may escaj)e from the enclosing cell in the peripheral 
blood, but more generally do so in an organ, such as the liver, lung, or bone- 
marrow. Other luemogregarines, like H. jaculi and H. muris, undc'rgo seg- 
mentation in the cells of an organ such as the liver. 

The gamelocylcs arc' easily recogiiizable from the schizonts, as they lie bent 
u]) in the capsule, and because the enclosing cell is not affected by the para- 
site. It is not possible at present to differentiate between tne macro- and 
the micro-gametocyte. 



Fig. 15^.- — H esmogregarina scligmanni 
Sambon : Free Sporont. 

(After Sambon.) 


Fig. 155. — H esmogregarina seligmanni 
Sambon. 

According to Sambon, this figure 
probably represents conjugation. 

(After Sambon.) 


In shed blood they quit kly escape from the capsule, wdiich may be seen to be 
double, for Sambon depicts a gametocyte which has escaped from the outer 
wall of the capsule, but has the inner wall still adherent. 

When free, they arc seen to be of an elongated, club-shaped form. At the 
thicker end, which is anterior, there projects a small retractile rostrum or 
beak, from which a clear line, probably a cytostome or phar3mx, runs back- 
wards through the cytoplasm, and ends near the nucleus. 

The ectoplasm shows at times a difierentiation into three layers — epicyte, 
sarcocyte, and myocyte — while the endoplasm is granular, and about its 
middle is found the round or oval nucleus. 

According to Sambon, conjugation can be seen taking place in blood spread 
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on an ordinary slide. The further history of the cycle of sporogony is only 
known in H. muris and H. cants ; the former has already been described, and 
the latter will be mentioned later. 

Recently Henry has shown that Balfour’s infective granule is a 2)hase in 
the life-history of H. simondi. Haemogregarines can be cultivated in Nicolle’s 
blood -agar medium. 

No haemogregarines are at present known in birds nor, until recently, in 
man, but some peculiar parasites have been seen by Castcllani and Willey and 
others in the peripheral blood of man (p. 538); whether these will prove 
to be haemogregarines, or whether they belong to some other order of the 
protozoa, remains to be seen. Krcm})f has recently described a haemogregarina 
in the spleen of a Chinese. 

Classification. — As already mentioned, the species oi the genus TJcrmogrega- 
yina Danilewsky, 1 885, will be arranged according to their hosts. Some authors 
recognize Hepatozoon Miller, 1908, with H. muris Balfour, 1905, as a type, 
and distinguish it by living in leucocytes, and sometimes undergoing schizo- 
gony in the cells ot the internal organs. 


H^MOGREGARINES OF THE MAMMALIA. 

Haemogregarina hominis Krempf, 1917. 

Definition. — Hccniogrcgarina found only in the spleen of man suffering from 
splenomegaly, in China. 

Remarks. — -The infection appears to have been acquired in China. 

Morphology. — The parasite lives in red cells which increase in size. Irisidt^ 
the red cells the organism lies in a capsule, lOX 5 microns, and is vermicular 
in shape, being bent or twisted. There is a granular nucleus, mostly central 
in position. Parasites which have escaped from the red cells and lie free in 
the plasma are identical with those found in the cells. 

Life-History. — L nkno wn . 

Pathogenicity. — Believed to Cciusc splenomegaly. 

Haemogregarina muris Balfour, 1905. 

Synonyms. — Leucocytozoon muris Balfour, 1905; Hepatozoon permciosum 
Miller, 1908. 

H, muris is found in the mononuclear leucocytes of Epimys norvegicus in 
Khartoum, and in white rats in Washington, D.C. Its schizogony and 
sporogony in Lelaps echidninus have already been described (p. 47<)). It 
caused anaemia, severe illness, and death in the rats. 


Hmmogregarina canis James, 1905- 

Synonym. — Leucocytozoon canis James, 1905. 

H ce mo gre gar ina canis was discovered by Bentley in the blood ol a pariah dog, 
Canis familiaris, in Assam, and this discovery was fully confirmed by James 
in 1905. Christophers was the first investigator to trace out its full life- 
history in 1906-07. 

It appears to be common in pariah dogs in Assam and Madras, but more 
particularly in the puppies and less cor mon in the adults. It is also found 
in Ceylon, and, according to Dutton, Todd, and Tobey, it probably occurs in 
dogs in the Gambia. 

Morphology. — The parasite is seen in the white corpustde of the peripheral 
blood as an oval, unpigmented mass which is difficult to stain, and which lies 
in two envelopes — an outer formed from the cytoplasm of the corpuscle, and 
an inner formed by itself. The cell in which it lies is not typical of any 
corpuscle, though at first sight it resembles a polymorphonuclear leucocyte. 
When stained , it is seen to possess a nucleus in the shape of a mass of chromatin 
stretching across the body at one end. 

Schizogony. — Schizogony appears to take place only in the bone-marrow, 
and has not been seen in the liver or spleen. It begins by the parasite gathering 
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itself on one side of the cyst- wall while the nucleus comes more into the middle 
The cyst becomes more swollen and rounder, and is most difficult to stain, 
being brilliantly clear and refractilc, but as it grows older it becomes filled with 
round or oval, clear, retractile granules of large size. No details are given of the 
action of the nucleus or of the cytoplasm during the stages, which, of course, 
marks a gap in the life-history. As the cyst matures the granules become less 
in number, and mcrozoites arc seen lying among them, and, later, the granules 
having disappeared, only mcrozoites, which number about thirty, are seen 
lying, along with a little granular matter, in the oval or circular cyst, which 
may be ^ in diameter. 



Fig. 156. — Diagram of the Life-Cycle of Hceniogreganna cams James. 
(Constructed from drawings by Christophers.) 


It does not appear clear whal liapjiens to these mcrozoites, but from Christo- 
phers’ description one is led to infer that they infect other cells in the bone- 
marrow of the dog, and thus become young trophozoites. 

Trophozoite. — By inference one is led to believe that the trophozoite 
probably appears in the bone-marrow as a small, round, or egg-shaped body, 
possessing no capsule, and having a chromatin mass of isolated, rod-shaped 
granules arranged loosely in a circle. These trophozoites lie in a mono- 
nuclear cell, which are the parents of the tiansitional cells, which are looked 
upon as the parents of the polymorphonuclear leucocytes, but when infected 
by the parasite the proper development is not completed, and lienee the 
appearance in the peripheral blood of a peculiar type of cell containing the 
encapsuled parasite. The young trophozoite is seen in the liver and spleen as 
well as in the bone-marrow, but is rare in the peripheral blood. This tropho- 
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zoite grows into the encapsuled form just described, all stages between the 
two having been seen by Christophers, and in this way the cycle of schizogony 
is completed. 

Sporogony. — The tick Eurhipicephalus sanguineus Latreille is very common 
on the dogs in Madras. The female takes from two to four days to suck 
the blood, which it only does once in its lifetime, but most of the blood is 
taken in the last twenty-four hours. After sucking the blood it drops off, 
and when examined at different periods the following sporogony can be 
made out: — 

The encapsulated forms already described as existing in the blood pass 
into the stomach, and the parasite escapes from the corpuscle, but is still 
inside its own envelope. 

By elongation and passage of the protoplasm behind the nucleus, the oval 
parasite becomes a vermicule. These vermicules must probably be looked 
ii])on as macrogamctocytes and microgame tocytes. In any case they enter 
young epithelial cells lining the lumen of the gut, in whose cytoplasm they 
divide by fission, which in many cases takes place several times, resulting in 
the secondary formation of four to eight vermicules lying in a pocket in the 
cytoplasm of the cell. Two of these scconclary vermicules, which apparently, 
as a rule, do not differ in appearance, conjugate, and the nuclei fuse, and then 
follows a throwing out of two large masses of chromatin from the nucleus 
and the separation of a portion of cytopkism. The former may represent 
reduction, and the latter the separation of the body of the microgamete. 
Anyway, as the result of this process there is formed an oocyst with a syn- 
karyon, and therefore the conjugation results in a true zygosis. The oocyst, 
still embedded in the epithelial cell, grows rapidly, and has a central clear area 
and outer rim of protoplasm, with chromatin diffused in irregular masses 
near the periphery. When about 14 in diameter, the oocyst divides into 
twelve to fourteen sporozoites (or sporoblasts), which rather resemble vermi- 
cules, but differ by being more globular and having a short oval nucleus. 
These sporozoites escape into the lumen of the gut of the tick. 

Whether these bodies are sporozoites or sporoblasts is not known; neither 
is it known how they get into the dog so as to complete the cycle of sporogony. 
In other words, there is a great gaj) in the cycle ol sporogony at this point. 

Hsemogregarina bovis Marfoglioand Carpano, 1906. 

In Bos taurus in Abyssinia. The parasites are 7 to 10 fa in length, and 
1*5 to 2 fain breadth, and possess rounded ends. 

Haemogregarina gerbilli Christophers, 1905. 

Found in the Indian field-rat, Gerbillus indicus, in which it produces only a 
little anaemia. It lies in cysts in enlarged pale blood corpuscles as a vermicule 
with a bent tail, and has a median nucleus and .some chromatin dots. In the 
louse Hcematopinus stephensi, the parasite has been described as escaping from 
its cyst and becoming a free vermicule, which gets in the ccelome, and there 
encysts and becomes a large oocyst, growing up to 350 fa in diameter. This 
oocyst divides into numerous sj^oroblasts, which contain six to eight crescentic 
sporozoites. These, when free, apj)ear as sausage-like bodies, 15 by 4 /.t 
with a distinct nucleus. 

There is, however, some doubt as lo whether these cysts are really developed 
from the haemogregarine. 

Hffimogregarina jaculi Balfour, 1905. 

Synonym. — H. balfouri Laveran, 1905. 

This parasite has been found in the jerboa (Jaculus gordoni) at Khar- 
toum, and in J. orientalis in Tunis. It appears as a pale hyaline, homo- 
geneous body, with the narrower end bent on itself, lying in a decolourized 
erythrocyte. 

The trophozoite is found in a liver cell as an oblong parasite lying in a cavity. 
This body can divide into three young forms, which presumably can grow 
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into schizonts in liver cells. The scliizont divides into a large number of 
merozoites, leaving no residual mass of undivided cytoplasm. Ihc mero- 
zoites probably infeet the red blood cells, and after a time can escape into 
the liquor sanguinis as free trophozoites, and invade the liver cells. 

What happens to the free vermicule is not known. 

Haemogregarina funambuJi Patton, 1900. 

Synonym. — Leucocytozoon fmmmbuli V’Moi^ , igoO. 

This parasite was ionnd by Patton in the large mononuclear leucocytes of 
Funamhulus pennat-ii (the Katliiawar palm-squirrel). 

It is found in cysts in the leucocytes, and as free forms in the plasma. No 
evidence of schizogony coidd be found. In the gut of the louse {HcBmato- 
pinus sp.) ]>arasitic on these scjuirrels verniicules could be found, ajid also in 
Iheceelonu', but no further devclo})mcnt took place. 

Haemogregarina ratti Aciie, igoo. 

'J in's is a hamiogregarinc lound in tin- leucocytes of Ep/mys ratlus. 

Haemogregarina felis rhristo])hers, 1906. 

lake /,/. canis, only touiid in cats. It was discovered by Patton. S('hizo- 
gony and sporogony unknown. 


JlA^MOGKItGARlNES OF REPTILIA. 

Hsemogregarines of the Crocodilia. 

H. hankini Siinond, 1001, in Gavialis ya'nydicvs (hneh; 7 /. crocodiliriorum 
Porner, 1901, in (htcotfrnms tetraspis Cope, and in C . catapiioractes Cuv. 

Hsemogregarines of the Chelonia. 

A very large number ol ha*mogregarincs arc known in Chelonia, but the 
best-studied life-history is that of H . stepavovi. 

Haemogregarina stepanovi Danilewsky, 1889. 

H. stepanovi is a parasiti' in tlie red blood -corpuscles of tortoises— c.g., 
Emys orbicularis L. and Cisiudo. 

It appears in two form.s— one kidney-shaped, and the other long and thin, 
and bent upon itself. 

The young trophozoite- is club-shaped, and grows into the broad kidney 
form, which in the bone-marrow, liver, or s])lcen breaks up into merozoites, 
which, escaping from the red cell, com])lcte the cycle by entering new cells. 

The trophozoite grows into a large oval form, which elongates until it gives 
rise to the long thin form which is bent upon itself. If blood containing this 
form is sucked by a leech (Placobdclla catenigera Moqu.-Tand), it escapes from 
the corpuscle in the intestine, and, entering between the epithelial cells, 
develoj)s into a macrogamete or a microgametc, and forms an ookinete, which 
wanders into the blooclvessels around the intestine, and so gets to the pharyn- 
geal glands, in which it bc^comes an oocyst forming numerous sporoblasts and 
sporozoites, which conqdete the cycle of sporogony by entering the tortoise, 
when it is again bitten by the leech. There is also evidence of the infection 
of the ova, of the leech in the finding of sporozoites in the pharyngeal glands 
of immature embryo leeches. 

Hsemogregarina nicorim Castellani and Willey, igciq. 

'I'his parasite is common in the tortoises (Nicoria trijuga Schweigg) which 
are found in the ditches and marshy lands round Colombo, and also in Colombo 
Lake. The young trophozoite grows into the scliizont, which divides into 
merozoites. 
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other parasites are: i/. laverani Simond / 1 901 , in Emyda limnosa Schoepff ; 
H. mesnili Simond, 1901, in Kachuga tectum Gray; H. hilleti Simond, 1901,’ 
in 7 nonyx cartilagineus Boddert; H. stepanoviana Laveran and Mesnil, 1902, 
in Damonia veevesii ; H. rara Laveran and Mesnil, 1902, in Damonia reevesii ; 
H. mauretania Sergcnt, 1904, in Testudo ibera Pall.; H. bagenesis 'Duc\oviX, 
1904, in Clemmys Icprosa Schweigg. Its sporogony is said to occur in Placoh- 
della catenigem Moqii .-Tand . H. vittatce Robertson is Emyda vittata (Figs. I49, 
157, and 158). 

HaBmogregarines of the Ophidia. 

The haemogregarines of Opliidia are rinmerons, but their life-history has not 
been properly stndicfl. They have mostly been described by Sambon. 


Haemogregarina mirabilis Castellan: and Willey, 1904 (Fig. 133). 


IE mirabilis is a parasHc in the red celL of Tropidonotus piscator Schn. 

The trophozoite vermicular and large (12 jli), and stains uniformly blue, 
leaving no clear pole. 1'he nu< lens is dense, and placed near the anterior 
end, and is enclosed in a well -developed cytocyst, which is stipph'd with 
Schiitfner’s dots. 

Other forms are: — H. pythonis 
Billet, 1895, in Python reticularis 
Schn.; H. pocochi Sambon n.nd Selig- 
inann, 1907, in P, molurus L. ; IE schat- 
tocki Sambon and Seligmann, 1907, in 
P. spilotes Lac ep.; IE najee Laveran, 




P'lG. 157. — HcBmogregarina vittatce Fio. 158. — Homogregarina vittatce 
Robertson : a Broad Form, show- Robertson : Gametocyte. 

ING Peculiar Red Bodies. 


(After Miss Robertson.) 


1902, in Naja tripiidians Mere.; H. mocassini Laveran, 1902, in Ancistrodon 
piscivorus Pal. ; H. cvotali Laveran, 1901, in Crotalus confluentns ; IE scligmanni 
Sambon, 1907, in Lachesis mutus ; H. zamenis Laveran, 1902, in Zamenis 
hippocrepis L. ; H. mansoni Sambon and Seligmann, 1907, in Zamenis ftagelli- 
formis L. ; H. refringens Sambon and Seligmann, 1907, in Pseudaspis cana L.; 
H. rarefaciens Sambon and Seligmann. 1907, in Coluber corais Holb.; H. cant- 
liei Sambon, 1907, in Eryx conicus ; IE terzii Sambon, 1907, in the boa- 
constrictor; and many others. 

Haemogregarines of the Sauria. 

The best known of these is H. lacerLirum^ Danilewsky, 1 885, in the red cells 
of Lacerta muralis Laur,, L. viridis Laur., L, agilis L., and L. ocellata Daud. 

The young trophozoite grows into a schizont, which is enclosed in a cyto- 
cyst, and which breaks nj) into merozoites in the liver, spleen, or kidney. 

Among the mcrozoite'^ there may be macromerozoites or micromcrozoites, 
which are thought to be precursors of the macro- and micro-gametocytes which 
develop in Ixodes ricinus L. This tick may infect the lizard in the adult stage, 
though this must be rare, as it usually attacks mammals, and then only by its 
nymphae and larvae. 

A number are described: H. thomsoni Minchin, 1907,111 the Himalayan 
lizard (Agama iuherculaia ) ; H . schaudinni C. Fran9a, in Lacerta ocellata Daud. 
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H^MOGREGARINES OF THE AMPHIBIA. 

The best studied of these is Hcemogregarina minima Chaussat. 

Synonyms. — Drcpanidium ranarum Lankester, Laverania ranarum Grassi, 
H. ranarum Kruse, Lankesterella ranarum Labb^. 

This parasite is found in the red cells, leucocytes, and tissue cells of Rana 
esculenta L. 

Schizogony takes place in the spleen, liver, kidney, and bone-marrow, where 
the cytocysts containing round schizonts, which break up into five to eight 
macromerozoites (5 to 8 fx) or numerous micromerozoites (3 to 4 ^). 

The sporont is club-shaped, and sporogony takes place, according to Billet, 
in the leech {H iHobdella) , but his account is very cfoubtful, and will require 
confirmation. 

Hintze gives a quite different development in the intestine of the frog, 
but it is possible that he mistook a coccidial parasite for the sporogenic 
stages. 

Durham notes a Drepanidium (haemogregarine) in the blood of a toad in 
I*ar 4 , and a Dactylosoma (Labbe) in the internal organs- — the former is the 
schizonr, and the latter the sporont — and found evidences of conjugation and 
cyst-formation in ticks fed on these toads. 

H. spiendc.ns Labbe, 1908, is found in Rana esculenta in Portugal. H, lepto- 
dactyli Lesage, 1908, is found in Lcptodactylus ocellatus in Argentina; Lankes- 
terella tritonis Fantham, 1905, in Triton crislahis. 

H^MOGREGARINES OF THE PISCES. 

h'ish of all kinds and in all parts of the world appear to contain these para- 
sites. 

HcBmogregarina simondi Laveran and Mesnil, 1901. 

H. simondi is a parasite in Solea vulgaris (the sole). Schizogony takes 
place in the red corpuscles, the schizont dividing longitudinally into tv^o, four, 
or eight merozoites. Sporogony takes place in Platyhdella solece Kroger, a 
leech found on the sole in which ookinetes have been found. 

Haemogregarina anarrhichadi's Henry, 1912. 

H . anarrhichadis is found in the catfish Anarrhichas lupus. 

Other fish hsmiogrcgarines are: H. bigemina Laveran and Mesnil, 1901, in 
Blennius pholis, J] . quadrigeniina in Callionymus lyra, H, platrssce Lcbailly, 
1904, in Tleuroncctcs platessa, H. rovignensis Minchin and Woodcock, 1910, in 
Tvigla linen ta. 

Family 'F 0x0 plasm idee Fraii9a, 1917. 

Definition. -Htemosporidia without htemozoin living 

in wliit(‘ Cells in the organs ol vertebrates. 

Type Genus. — Toxoplasma Nicollc and Manccaux, 1908. 

Remarks.- -Only two genera. It is possible that some authors 
niiglit pince Ellcipsisonia Franga, 1911, and some allied genera 
tliercin. At jiresent We have classified these with the Piroplasmidce, 
Ovoplasma may also come here. 

Classification. — The genera of the Toxoplasmidae may be recog- 
nised as follows: — 

A. With a definite mioXQVLS—Toxoplasma. 

B. Without a nncXens—Ovoplasma. 

Genus Toxoplasma Nicolle and Manceaux, 1908. 

Definition. — -Toxoplasmidse of oval or reniform shape, reproducing 
by longitudinal division or by multiple division inside cells. Live 
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usually in mononuclear and polymorphonuclear cells in the spleen 
and internal organs. Rarely seen in the blood. 

Type Species. — Toxoplasma gondii Nicolle and Manceaux, 190S. 
Other Species. — T. cunioitli Splcndorc, 1909, found in Oryctolagus 


- # » # 



Fig. 159 . — Toxoplasma pyvogencs Castella.ni, 1913 . 

cuniculus in Brazil, and T. canis Mello, 1910, found in the dog in 
Italy, Germany, and Brazil. Theise two forms and T. pyrogmes 
Castellani, 1913, found in man are all patliogcnic. 

T. talpce Prowazek, 1910, in Japan; T. mnsciili vSangiorgi, 1913, 
in Mns musculus in Italy; T. sciuri Coles, 1914, in Imgland; T. ratti 



Figs. 160 - 162 . — ToxoplasmapyrogenesCAST^jA^PL^i, 1913 . 

Sangiorgi, 1915, in Mus rattus in Italy; T. sp. (?) Plimmer, 1915, in 
Cryptoprocta ferox ; T, cavice Carini and Migliano, 1916; T. sp. (?) 
Theze, 1916, in Myceles seniculus are mammalian parasites. 

A number of forms are known in birds — e.g., T. avium Adie, 1909; 
r. sporophilcB (AragSo, 1911); T, neophrontis Todd and Nolbach, 
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1912 ] and T. francce de Melo, 1915 1 with two unnamed species by 
Plimmer, 1916, and five by Carini and Macicl in 1916. In snakes 
one species unnamed was found by Plimmer in 1916. 

Toxoplasma gondii Nicolle and Manceanx, 1908. 

Endoleucocytic crescentic parasites 6 to 7 by 3 to 4 /x, found in the spleen 
and other organs of Ctcnodactyhis gondii. 

Toxoplasma cuniculi Splendore, 1909. 

Found by Splendore in the spleen and other organs of the rabbit, in which it 
produces lesions rcseml)ling kala-azar. Shape, oval or ren iform; length 
5 to 8 III ] ]iren.dth. 2-5 to ju,. 

Toxoplasma pyrogenes Castollani, X913. 

Definition.- - Poxoplasma pathogenic to man. 

History. -Pound b}^ Castellani in 1913 in a case of siilenonu'gjdy in 
tropics, in 1916 a similar parasite Was found by loHlorovitcli 
in tlu^ ])( ri])heral blood of a case of s]>lenomegaly in a child 011 the 
Hlack Sea coast, and also in th(‘ blood of a dog from the same 
neighbourhood. 

Morphology. -Roundish oval or crescentic bodies 2-5-6-0 microns 
in diamedor, with bliui staining cytoplasm, and with on(‘ large 
roundish mass of clirornatin at one pole or in tht) centre. In onc^ 
instance the faintest appearance of a flagellum seemed to be present. 
Occasionally the bodies Were larger, roundish or pear-shaped, and 
]) assessed two ehreunatin masses, one at each pole or closi; together. 
I'he bodies werc^ g(‘ii(‘ra,lly fian*, and only in one specimen wtu'e a, few 
found in <i h'ucocyle. 

While in llic spleen numerous bodies of this dcscri])tion were found in this 
case, in the ]>cri])li('r,'il blood llicy were absent. In the perij)h( r-al blood some 
])e(:uliar si me lures vvei e observed of roundish or pyriform appearance. 
I'hey were juoslly va('Ut)late(l , and took a pale blue ( olour wdth Romanowsky, 
and sliowed sexeral large masses of chromatin. Castellani at firsi thought 
llial ll)es(' niif^ht l)c rt'laled to Koch’s bodies or plasmakiigd, which arc 
roundish, o\ a.l, or i rregu la rl\' shaped cells, 8- 1 2 microns in diamcier, fonnf! by 
Kocli in iMiican catlh^ sii tiering from East Coast fevei'. Kodi's bodies were 
later classified under 1 ’iro])lasma by (londer. who believed them to n'jiresent 
a stage in the lile-cych* ol Fhcihria parva. 

Againsi this hypothesis Castellani observed that they were only ]ircsent in 
the blood and not in the sydeen, and the chromatin masses were much larger 
than those in tyyiical Koch’s bodies. Castellani was inclined to believe that 
these bodies found iii tlu* blood were relat('d to Toxoplasma found in the 
syilcnm in some similar manner to that by wliich Koch's bodies arc related to 
TlK'ileria. It must be reimmibered that Castellani’s slides were examined 
by a. number of ywolozoologists and medical men, all of whom agreed 
as to the parasitic and ]>rotozoal natun'of tlie bodies; but wdiik? tbe majority 
regardc'd them to be Toxoplasma , others held the view tlia.t they might 
rejinsent a new genus between Toxojilasma and T.eishmania, and a few 
tliought that they might bo a mixture of Toxoplasma with Theilcria and 
Anaplasma. 

Life-History. — Unknown. 

Cultivation. — So far not cultivated. 

Pathogenicity. — Probably tlu* cause of a splenomegaly in man. 
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Genus Ovoplasma De Raadt, 1913. 

Definition. — Toxoplasmidse without definite nucleus. 

Remarks. — Some doubt has been thrown upon this genus and 
its species. 

Type Species. — Ovoplasma anucleatum De Raadt, 1913. 

Ovoplasma anucleatum De Raadt, 1913. 

Definition. — Ovoplasma ring-like with large vacuole, found in 
man. 

History. — This pamsite was found in Borneo in the spleen of a 
Madurese with r.p Icnomegalv, who was born in Java. 

Morphology.-— The organisms were generally found in mononuclear 
leucocytes, though rarely they Were in tlui red cells. They Were 
ring-like, with large vacuoles and without any nucleus, but the 
cytoplasm collects on one side of the vacuolce .Sometimes it was 
pyriform. 

Life-Cycle. -It n^produces by budding and by binary fission. 

Pathogenicity. — May be harmless, but in certain cases pathogenic. 

Family Piroplasmidcc Franca, 1909. 

Definition. — ^Haemosporidia without haemozoin living in red blood- 
corpuscles. 

Glassification. — Paraplasma Seidelin, 1911, is tln^ resultant of 
certain blood conditions, and is not a parasite. Globidmm Neumann, 
1909, and Immanoplasma Neumann, 1909, require further investi- 
gation. 

The following gem^ra can be differentiated : — • 

1. Piroplasma Patton, 1895. 

2. Smithia Franca, 1909. 

3. Nuttallia Franga, 1909. 

4. Thcileria Bettencourt, Franga, and Borges, 1907. 

5. Achromaticus Dionisi, 1900. 

6. Rangelia Carini and Maciel, 1914. 

7. Rossiella Nuttall, 1910. 

8. Elleipsisoma Franga, 1910. 

9. Nicollia Nuttall. 

10. Anaplasma Theiler, 1910. 

11. BarloncUa .Strong, 'I'yzzcr, Bruc*s, Sellards, and Gastia- 

buru, 1915. 

A. Cytoplasm voUiniinous : — 

I. Rounded forms in red cells with circular nucleus. 
Schizogony by binary division inside red cells' 
Division may continue and form a number of large 
merozoites — Rossiella, 

II. Oval forms in red cells, which they dehaemoglobinize. 
Nucleus large at one side of parasite. Schizogony in 
the lung — Elleipsisoma. 
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B. Cytoplasm easily visible : — 

I . Schizogony known: — 

[a) Large pear-shaped solitary forms. Numerous 
merozoites- — Achromaticus. 

(h) Small oval or pear-shaped forms, often in pairs, 
30-100 merozoites— Rangelia . 

II. Schizogony unknown: — 

(a) Division in pairs — Piroplasma. 

(h) Division in fours: — 

1. Nucleus without dimorphism — 

(a) Pear-shaped swollen parasites occupying 
the whole breadth of the corpuscle — 
Smithia . 

(B)^^Small oval forms, no bacillary forms — • 
Nuttallia, 

(c) Bacillary forms — Theileria. 

2. Nucleus with dimorphism— 

C. Cyloplasm usually invisible : — 

1 . Coccus-like bodies found in animals — Anaplasma. 

1 1 . Rounded and rod -like bodies:— 

Extremity small, and found in man in Oroya f(iver — 
Barionella, 

Genus Piroplasma Patton, 1895. 

Synonyms.— Hce mat ococcus Babes, 1888 {non AgdiXdh)] Fyrosoma 
Smith and Kilbornc', 1893 (non Peron); Ixodioplasma Schmidt, 1904; 
Apiosoma Von ‘ Waiidollck, 1875 (non BVd.nc]idird, . Babesia 

Starcovici, 1893; Amivhospoyidinm Bonome, 1895. 

Definition.- -"Piroplasmidae li\ing inside red cells, without volu- 
minous, blit with easily visible, cytoplasm, not possessing any pig- 
ment, and multiplying by division. 

Type Species. — Piroplasma bovis (Babes, 18S8). 

Classification. — There are a number of species. 

A . In bovines - 

T. P. bovis (Babes, 1888), spread by Bodphilus annulatiis, 

B, australis, and B. decoloraius — America, Australia, 
Asia, and Africa. 

2. P. divergens MacFadyean and Stockman, spread by 

I xodes ri cimts—'E u rope . 

IL In sheep : — 

3. P. ov'is Starcovici, 1893, spread by Rhipicephalus bursa — 

Europe. 

C. In dogs :~ 

4. P. canis Piana and Galli- Valerio, 1895, spread by 

Rhipicephalus sanguineus — everywhere . 

D. In horses : — 

5. P. cahalli Nuttall, 1910 — Europe. 
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E. In rodents : — 

6. P. mufis Fantham, 1905 — -England. 

7. P. avicularis Wenyon, 1908 — Sudan. 

F. In monkeys :■ — • 

8. P. pithed P. H. Ross, 1905 — Uganda. 

Piroplasma canis Piana and Galli Valerio, 1895. 

Synonym. — -Babesia canis Piana and Galli Valerio, 1895, 

In 1895 Piana and Galli Valerio found a characteristic haematozodn in the 
red blood-corpuscles of a dog which was infested by licks {Ixodes reduv.us L.), 
and wliich was suffering from fever, weakness, and slight jaundice, after 
having hunted in marshy localities. 'J'his haematozoon occupied 3 to 4 per 
cent, of the corpuscles, and also occurred free in the plasma. In the cor- 
puscles the parasites appeared as pyriform bodies, as many as two,tlircc, four, 
or five in one corpuscle, and showed amoeboid movement. The dog in question 
recovered, but in other dogs the post-mortem showed fluid blood, congested 
liver and spleen, with icteric staining of the tissues and necrotic foci in the 
omentum near the pancreas. Other symptoms noted by them in dogs 
were haemoglobinuria, anorexia, prostration, and emaciation. 

In 1899 Hutcheon described the disease caused by this parasite as ' malig- 
nant jaundice ’ or ‘ bilious fever ' in dogs. It is also known as ‘ malignant 
malaria,’ ‘ hondziekt^,’ and ‘ malarial fever,’ and is said to have often been 
mistaken for distemper. The disease is by no means uncommon in dogs in 
the tropics, and should be called ‘ cannie piroplasmosis.* 

Geography. — It is known in Europe, especially in Lombardy and other 
parts of Italy; also in France. In Africa it is found in South Africa, East 
Africa, Senegal, and other parts of West Africa, and also in North Africa, 
including Egypt. Nuttall suggests, however, that the African Piroplasma may 
be different from the European. In Asia it is found in India and Ceylon. 

Place and Season, — It appears to be more common in coast towns and 
districts, and less common in higher inland places. It seems to have a 
seasonal variation, but this is not properly understood. 

The Parasite. — The life-cycle in the dog has been most care[ully studied by 
Nuttall and Graham-Smith. 

In the fresh blood it is noted that the infected corpuscles aic pale and 
enlarged, and contain irregular, dark-coloured, pear-shaj)ed bodies, possessing 
a central refractive portion. Amoeboid or globular non-inotile bodies may 
be noted, and also many free forms. 

In specimens stained by LcishmaiTs method tlie parasites seem to consist 
of a bluc-coloured cytoplasm, with a delicate vacuolated or trabecular struc- 
ture centrally, but more condensed around the periphery. This cytoplasm 
may contain a single homogeneous nucleus, which has a vivid red colour, and 
is often connected by a thin strand with a loose mass of chromatin, which is 
situated near the blunt end . The parasite contains a vacuole. 

Schizogony. — A free pyriform parasite (pyriform stage) enters a normal 
red blood-corpuscle and becomes rounded (ring stage) in shape, while the 
loose mass of chromatin is drawn near to the original nucleus, where it con- 
denses. Finally it fuses with that nucleus, forming a single chromatin mass. 

The parasite now throws out pseudopodia and appears as an amoeba 
(amoeboid stage), and the chromatin subdivides into two unequal masses, 
connected with a thin strand. 

This amoeboid stage lasts for a long time, at the end of which the parasite 
enters upon a quiescent stage, in which the vacuole appears in a subcentral 
position, and the chromatin, which lies along its margin, has its two masses 
widely separated, though still connected by the thin strand already referred 
to. The smaller mass has divided into two, making in all three masses of 
chromatin connected together by chromatin strands. 

Two small symmetrical processes of cytoplasm protrude from the parasite 
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in the neighbourliood of tho two small chromatin masses, which they carry 
with them. 

The processes enlarge at the expense of the rest of the cytoplasm, and the 
vacuole divides, and the so-called trefoil stage is reached, in which the main 
mass of the ( hromatin, much reduced in size, lies at the base of the two 
processes. 



Ficc 163. — Diagram of the Life-Cycles of Piroplasma canis. 

( Aftt'r Niittall and Graham-Smitli, Christophers, and Breinl and Kinghorn.) 

i-i2A^ Reproduction by simple division; a-a. reproduction by multiple 
division; A-lc development of a flagellate form; i2r-25, sporogony in the 
tick. 

The single stiaiul connecting the two smaller chromatin particles has 
shortened and disa})j)eariil, so that the strand of each small mass now rises 
directly from the principal chromatin mass. This now divides into two 
nuclei, connected b}^ a stiand, while the cytoplasmic processes become large. 
Finally, the cytoplasm divides, and two pyriform parasites are found lying 
side by side in one corpuscle, an arrangement considered typical of a piroplasma. 

Ill each parasite is a vacuole, and a principal chromatic nucleus situated 
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near the pointed extremity, from which a tail of loose chromatin runs along- 
side the vacuole towards the blunt extremity. 

The corpuscle now ruptures and liberates the two parasites and some 
granules, representing residual malter, from the parasite or the corpuscle, 
or both. 

Two slight variations of the process have been described by Nuttall and 
Graham-Smith; in one tlie two nuclei and their strands form an hourglass- 
shaped mass, and in the other the strand and second nucleus form a reticular 
mass; but both develop into the stage depicted in the diagram. Four 
pyriform parasites may be found in a corpuscle instead of two, and this may 
come about by an invasion of the corpuscle by two pyriform shapes, which 
proceed to division, or by the division of the uninuclear sha])e into two, 
both of which proceed to develo]) regularly, liejnoduction by gemmation 
with the formation of one or two buds has b(‘en described by Breinl and 
Hindle, and of many buds by Kinoshila. 

Flagellate Forms.— Nuttall and Graham-Smith in 1905 described large forms 
in the blood of the first dog which they infected in Cambridge by ticks from 
South Africa. These forms were found on the fourth, fdtli, and tenth days, 
and occurred in the peripheral blood and in that from a kidney. They 
were sausage-shaped, with rounded or tapering exlremitics. In some the 
chromatin was almost entirely concentrated in the middle, while in others it 
appeared to be of loose texture. Kinoshita has seen similar ])arasites in 
blood from the heart, the ])ancreas, and the lungs after d eath. The significance 
of these parasites is not yet understood. 

Free parasites with flagella-like processes have been seen by Pound, Bowhill, 
Lc Doux, Nuttall and Graham-Smith, Kinoshita, Fulieborii, and Breinl and 
Hindle, the last-mentioned observers describing the development of large 
biliagellate forms from the normal intracellular ]uirasite. 

The significam 0 of these forms is not undtTstood. Breinl and Hindle 
considering that fhey are' such vcj y transie'id stages in the life-histoiy that 
they may easily hv overlooked. 

The dcvelot)ment as given by Breinl and Hindle is associated with a 
binuclcated form. 

Cultivation. — Kleine, Nullall, and Graham-Smith have attempted to culti- 
v'dAoBabesia caii'is in delibrinated blood. Kleine has observed elongated forms 
with radiating processe s, similar to those iound by Koch in tick.s. 

Nuttall and Graham-Smith have observed the same forms, but consider 
them lo be intracellular, .the hcemoglobin having nearly disappeared from 
the red ( ells. 

Inoculation. — it was firsf .sJiown by Dr. Corringlon Purvis in 1900 that the 
disease could be spread from dog to dog by blood inoculation. 

Infection from Tick-Bites. — ^Piana and Galli Valerio, when they discovered 
the parasite in 1895 in Italy, suspected that it was transmitted by the tick 
l.xudes rcduvzus L., ijiit the first actual demonstration that this really took 
place was by ixmndsbury in 1901, by the bites of the tick HcBmophysalis 
leachi Audonin, in South Africa. 

Dcvmacentor veticulaius Fabr. is suspected as the spreader of the disease in 
France. 

This subject has been carefully invesligalcd by Loundsbury, who finds 
that the parent tick, having gorged with blood, falls to the ground and lays 
her eggs, which develop into six-legged larvae. 

These larvae do not infect the dog, which they attack as soon as possible, 
and on whom they remain two days sucking blood. After dropping off, 
they in due time shed their larval skin, and become eight -legged nymj^hs, 
which again bile the dog, bnt do not infect it. 

The nymph, after dropping oft, undergoes metamorphosis, and sheds its 
iiymphal skin and becomes the sexually mature tick, whic b is the only form 
that spreads the infection, a fact confirmeil by Nuttall. 

Christophers has traced out the development in Uurhipiccphalns sanguineus 
Latreille, thus finally confirming the idea of the transmission through the 
tick. 
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Developnidiit in the Tick.~When an adult tick or a nymph bites a dog 

and tekes in blood containing the oval parasites already described, these 
para<dtes develop in the gut into round or oval bodies, 4 to 5 a in diameter, 
the chromatin remaining undisturbed. 

cytoplasm now partially divides into a portion with and a portion 
without cl^ornatin, the latter turning round to form a tail to the former, 
thus constituting a club-shaped body, wliich gradually becomes an ookinete. 

In the adult these wander into the ova, while in the nymph they simply pass 
into the embryonic tissue. 

In either case they become rounded, and form the zygote, which breaks 
sporoblasts, and these, again, into sporozoites, which infect the salivary 
glands ol the nymph and the adult of the second generation. This development 
explains I^ourdsbiiry's experiments. 

Pathogenicity.— Th(‘ pathological effects are divided by Nocard and Le- 
clamche into two ly[)es - the acute, always fatal, and the subacute, ending in 
recovery. ® 

Acuie borm—iw the scvitc attack the dog quickly becomes ill with high 
lever (40 C.j, accompanied witJi gre^at weakness. After the attack of fever 
temperatures. Tlie mucous membrane becomes 
IniriVi ^ 1’ , Kesj)irati()n is laboured, and the movements of the 

albZ f The spleen is enlarged, the urine 

l!®n>ofilobinui-ia. The blood 
h? the scrum stained with liasmoglobin or bile ])igments- 

‘'“'r acconling to Wright f^m 

ihn ' and altered, some becoming larger, others smaller 

ba^moglolin fs ^1^^^ t^^e’ 

increased e ^ leucocytes are 

incrc|S£,d up to even 60,000, but in some casc.s they are reduced Polv 

mo jihonudear and mononuclear leucoc;ytes share the general increase 

r,"'"'-'''’ “• TfoSixr, 

ness' wt”h^,miMimft*'rrH progre.ssive anmmia and teeble- 

■li ' ii'r^ I, , ^ ^ utile haimoglobinuna or a little icterus. Fever may 

. 1 Inst 1 h. ] but generally falls to normal. The an»mia is verv 
noumeci, and is accciinjiaiiicd with paralysis, etc ' ^ ^ 

™n''alesccnce takes three months 

Post-Mortem Appearances.^ 1 he mucous membranes arc jialc, and there is 


7 . “ ui cue siomacn and mtes1 

limc^ no macroscojncccl lesions are to be seen. 

casL ckTov^'%n «<= distorted, ancTin nrnv 

-'jf* “ »i cm!,„“5'„s 

with infec ted corpuscles as are ingested and crowded 

fapularies ^ condition is engorgement of the organs by dilatation of the 
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Piroplasma gibsoni Patton, 1910. 

This Piroplasma has been found in dogs and in the jackal (Canis aureus) in 
India by Patton. 

Morphology. — In films from the peripheral blood it is seen as small rings 
0*1 jii in diameter, with one or two chromatin masses, of which the second 
is much smaller than the first, to which it is often joined by a pink thread. 
Oval parasites, with a long ammboid process, are also seen. 

Division. — Division is by binary fission, giving rise to a number of forms 
enclosed in one leucocyte. 

Pathogenicity. — 1 1 causes one Vciriety of canine piro])lasmosis. 

Piroplasma bigeminum Smith and Kilboi ne, 1 893. 

Synonyms. — Pyr^e-oma bigenu .mm- Smith and Kilborne, 1893; Apiosoma 
bigeminum Wandollek bovis Chauvelot; Ixodioplasma specificum bovum 

Sclirnidt. 

P. bigeminum is the cause of Texas fever in oxen, and appears as pyriform, 
round, or amoeboid cells, and also as flagellate forms, ft can be cultivated 
on artificial media. 

Koch has traced the development in the tick, in whose gut the parasites 
leave the red cell and become long and club-shaped, at the broad end of which 
is found a round chromatin mass. From the club psendopodia project. 

This club then becomes spheric al, and inimense numbers of amoeba-like 
forms appear, which are said to grow into clubs. 

Pathogenesis. — The disease may exist in two forms, a grave and a benign. 

'the usual symptoms of high fever, haemoglobinuria, icterus, anaemia, 
paralysis, constipation, and death in a week or less, are exhibited in the grave 
form, in which the mortality is 60 to 80 per cent. 

In the benign form there is anaemia without haemoglobinuria as a rule, 
and the duration is about fourteen days. 

The disease can be spread by inoculation or naturally by the bites of in- 
fected ticks--- Margn rap ns australis h'uller in South America, Cuba, Porto 
l^ico, Australia, and the Ifiiilippines, and by M. aecotoratus Koch in South 
Africa. 

Post-Mortem. — -The usual post-mortem signs are visible. 

Treatment. — There is no s])ecific treatment. Kragerud ad\'iscs intravenous 
injections of i in 100 of protargol or formol, and afterwards a beverage of 
10 grammes of lysol and carbolic acid in 500 grammes of distilled water. 

Lignierc's recommends cliloridt* of sodium and purgatives. Quinine has 
also been advised. TSiuttall and lladwen s treatment should be tried. 

Piroplasma bovis ]>abes, 1888. 

Synonyms.— -Piroplasma annulatum Dschunkowsky and Liihe, 1888, Piro- 
plasma bigerndnum Babes, Hcvmaiococcus bovis Babes. 

P. bovis is the cause of red wafer or haemoglobinuric fever in European cattle 
and in red deer {Cervus elaphus B.), and is spread by the tick Ixodes reduvius L. 
and Margaropus annulatus Say. 

The disease produced may be acute chronic. In the acute form about 
90 per cent, of the red cells arc infected by bacillary or ring-like parasites, 
which cause high fever, epdek pulse and respirations, seldom haemoglobinuria, 
with convulsions and death in one or two we('ks; or a chronic lonn, with 
mimile cocciis-likc parasites in lo to 40 per cent, of the red cells, producing 
weakness, jaundice, aiifl anaunia. 'The post-mortem shows haemorrhages 
into many organs. 

Piroplasma ovis Babes, 1880. 

Synonyms. — Hannatococcus ovis Babes, Piroplasma ovis Laveran, Ania’ho- 
sportdium polyp hagum Bononie- 

P. ovis is found in sheep in Europe, Africa, and the West Indies, as large 
intracorpuscular and extracorpuscnlar forms, and causes anaemia, haemoglo- 
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binuria, haematuria, and bile in the urine, and also blood in the motions. The 
mortality is 50 per cent. 

The post-mortem shows oedema of the tissues, enlargement of the spleen, 
inflammation of the liver, kidney, and bowels, in the last of which there may 
be ulcers. 

The Piroplasma i.s spread by the daughter adult tick developed from the 
Eurhipiccphalus hiirsa, which sucked the infected blood. It is inoculable 
into other sheep. 

Piroplasma pitheci P. H. Ross, 1905. 

I'his organism caused piroplasmosis in a species of Cercopiihecus from Kikuga, 
in Uganda. 

The parasite is a non-pigmented, pear-shaped, oval, or round endocor- 
puscular body, being 1*5 yu, in diameter when round, and 3 by 2 /z to 2-5 by 
1*5 fx in the pyriform shapes. It may be single, double, or in multiples of two, 
four, eight, or sixteen. 

Nullall and Graham-Smith have investigafed the parasite carefully, and 
conclude that it is a true Piroplasma, and multiplies in the same manner as 
P. cams ; and they figure one body in a cor])Uscle very like the pc*culiar free 
forms noted in P. canis. 

Ross tried inoculation into dogs twice, but though one of the dogs showed 
a temporary rise of temperature, the cxp(‘riinent failed. No ticks were found 
on the monkeys, or in the box in which they lived. The disease causes fever, 
and killed four out of twelve monkeys. 

Piroplasma muris Pantham, 1906. 

P. muris causes a chronic disease in mi('c, in which it exists as pyriform 
intracorpuscular parasites, singly and in pairs (as many as four and six have 
been seen). The secondary mass of chromatin lias not lieen observed, and 
no typical dividing forms have yet been seen. 

Piroplasma cervi Franca and Borges, 1907. 

'Phis Piroplasma is found as bacillary and cross forms in the blood of Cervus 
(lama L. Its development is not known. 

Piroplasma minense Yakimoff, 1909. 

bound in Russia in hedgehogs, and spread by Derma iocenior rcticulatus (?). 

Piroplasma aristotelis Denier, 1907. 

This parasite is found in Cervus aristotelis in Annam. 

Genus Theileria Bettencourt, Franca, and Borges, 1907. 

Synonym. — Lymphohcpmatocytozoon Meyer, 1913. 

Definition. — Bacillifonn or rod-shaped forms arranged at times in the form of 
a cross. 

Type Species.— parva Thciler, 1903. 

Theileria parva Theiler, 1903. 

Synonyms. — Piroplasma theileri, Babesia parva Thciler, 1903 ; Lymphohasmato- 
cytozodn parvum Meyer, 1913. 

this is the cause of East Coast fever in cattle in Rhodesia, and is also found 
in India and Japan. 

Parasite.— .1 he parasite a])]iears in the blood as minute bacillary forms 
or as small rings, which later become larger, and give the t3^})ical pyriform 
appearance, bdng frequentU^ arranged in the form of a cross. Very large 
forms, consisting of protoplasmic masses containing numerous chromatin 
particles, may be found in the endothelial cells of the spleen and R’mphatic 
glands. ^ 

Schizogony.-— According to Gondcr, the large multinucleated plasmodial 
masses divide into minute merozoites, and lead to the breaking up of the 
enclosing lymphocyte. The merozoites penetrate into another l)nnphocyte 
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in the spleen or lymphatic glands, in which they grow and become the multi- 
nucleated masses, and so complete the process of schizogony. 

Sporogony. — After a time merozoites are produced with a different nucleiir 
structure; these multiply and produce the gametocytes, which, penetrating 
into the red blood cells, appear in the peripheral circulation. The micro - 
gametocytes are the bacillary forms, and the rounded or pear-shaped forms 
are the macrogame tocytes. In Eurhipicephalus these come out of the 
corpuscles, and the male forms creep about like little amoebae, while the 
nucleus undergoes reduction, forming the microgamete. . In a similar manner 
the macrogametc is formed. Copulation takes place, and a zygote in the 
form of an active ookinete is formed, which enters the salivary glands and 
breaks up into sporozoites. 



Fig. 164. — Life-Cycle of Theileria parva (Theiler, 1903). 

(After Gonder, from the Report of the First Expedition of the Harvard School 
of Tropical Medicine to South America in 1913.) 


It is spread by Eurhipicephalus appcndiculatus Neumann, by the nymphs 
and the adults. 

Cultivation. — Miyajima states that he has cultivated the parasite in broth, 
producing trypanosome-like bodies, but this has not been confirmed. 

Inoculation. — It cannot be inoculated successfully. 

Incubation. — Fourteen days. 

Symptoms. — The symptoms produced are very similar to those caused by 
P. higeminum , but there is very little anaemia and no haemoglobinuria. 

Mortality. — The mortality is about 90 per eent. 

Post-Mortem. — The autopsy shows oedema of the lungs, inflammation of 
the lymphatic glands, and infarcts in the lungs, liver, and kidneys. 

Theileria mutans Theiler, 1907. 

Synonym. — Piroplasma mutans Theiler, 1907. 

This Piroplasma is found along with P. higemina, in cattle in the Transvaal, 
and produces forms like Theileria parva, but distinguished by being inoculable. 
It is not known how it is spread. 
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Theileria cellii Castellani and Chalmers, 1910. 

This parasite is found in Macazus pileatus in Ceylon, in bacillary and pear- 
shaped forms, lyinfi: side by side in the same erythrocyte. The development 
has not been traced. 

Theileria buflfali Neveu-Lcmaire, 1912. 

This })arasite was discovered by Shcin in tc)o8 in the buffalo in Nha-Trarig 
in Iiido-Cliina, and is seen in two forms— an ovoidal, wliich is most 1rec]uently 
met with, and a ])acil]ji ry. Its mode ol t'*ansmission is unknown. 

Genus Nieollia Nutiall. 

Deflnition. — Oval or ])ear-shapcd parasites, with an oval nucleus with two 
karyosomes, one near the centia^ and another close to the surlace of the body, 
with quadruple division. 

Nieollia quadrigemina Nicolle, 1907. 

This parasitf' is found in Ctenodactylus gondii in North Africa, and Niittall 
and Graham-Smitli point out that its method of division and its chromatin are 
so peculiar that its ])Osition is doubt bd. 

Genus Nuttallia h'ran9a, I9t>9. 

Definition.— Oval or pear-sha])ed parasites with multiplication in the form 
of a cross. 

Type Species, — Nuttallia cqui Laveran, liSgp. 

Nuttallia herpetedis Ioanna, 1908. 

N. herpetedis is found in (onsiderable numV)ers in Hcrpcsics ichneumon L., 
the mongoose, as small s])luMes, with tlu' ( hromatin arranged as a cross, or 
as pyriform shapes, or in fours arranged in cross form. 

Nuttallia equi Laveran, 1899. 

Synonym, — Piroplasma equi Laveran, 1 899. 

Nuttallia cqui is the- jiarasite of ])ir()pl:i.smosis in horses, iniTcs, donkeys, and 
zebras in Afric'a, (iermany, Italy, and X'enezuela. 

The disease appc'ars to have lieen first dilfcrcntialcd by Wiltshire, in 1883, 
as anthrax f(‘ver, which name was changed to biliary lever by Hutcheon. 
Tlu; parasite was first seen l)y Guglichni. in Italy, in 1899. 

It differs from 1\ canis in existing in large and small spherical forms, in 
large and small pyriform shape s, in large and small rod-like bodies, in rosettes 
of four, and sometimes as free llagellate forms. Koch behevrs that this list 
includes two different ty])i’s of j)arasile — one of parasites arranged in grou})s 
of four, and the other like /’. canis. 

It is very difficult to inoe ulate, and is believed to be spread by the blue 
tick {Eurhi'piccphalus dceoloraius) . 

The incubation ])criod is not known. The disease begins with high fever, 
but becomes subnormal before death. The appetite varies. The animal is 
very weak, and in the later stages becomes paralytic, and comatose. Anaemia 
and jaundice are noted. The ])ulse varies, being often weak and irregular. 
The respirations are accelerated. P.owels often constipated; urine is highly 
coloured, and haemoglobinuria may occur. The disease may be acute or 
chronic. 

In acute cases death may take place in from two to hve days, but the 
mortality is not high. Secondary and terminal infections may take place. 

d'he ])ost-mortem reveals emaciation and icteric staining, and anaemia of 
the tissues, enormous enlargement of the spleen, and thin, watery blood. 
The liver is yellow and congested; the kidneys are enlarged and anaemic; 
th(' lymphatic glands arc haemorrhagic, as may lie the mucosa of the intes- 
tines. The heart is sometimes enlarged. Thc'lungs are usually normal. 

Other species are N. ninensis Yakimoff, 1910, in Erinaccus c uropa‘us;N. muris 
Coles, 1914; N. decumani Macfie, 1915; N. microti Coles, 1914. 
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Genus Smithia Fran9a, 1910. 

Definition. — Pear-shaped forms, not in pairs, occupying the whole diameter 
of the corpuscles. Forms crosses. 

Type Species. — Smithi% microti Franca, 1910. 

Other Species. — -In addition to Smithia microti Franca, 1910, found in 
Microtus arvalis, there is S. talpce Galli-Valerio, 1913, in Talpa euvopa’ci. 

Genus Anaplasma Theiier, 1910. 

Definition. — Coccus-like parasites, round or oval in form, apparently con- 
sisting wholly of chromatin, and devoid of cytoplasm. Flagellate forms saitl to 
exist. 

Dias and Aragao consider these organisms to be dcgeiuM-a iions of red cells. 

Type Species,- -Anaplasma margjnalc. 

Anaplasma marginale Theiier, i9Ke 

Coccus-like ])arasitcs situated near the margin of the corpuscles. 

Morphology. -Round or oval parasites con.sisting only of chromatin sub- 
stance, sometimes situated in a paler zone of the corpuscle. Multiply rapidly, 
and invade 40 to 50 per cent, of the corpuscles. 

Life-History, it is spread by the ticks Eurhipicephalns dccoloratus and 
E. siniHs, and possibly ])asses through th(‘ egg. 

Cultivation. — Veglia claims to have cultivated this organism on defibrinated 
blood media. 

Pathogenicity. — It causes a disease like red water, but different therefrom 
in that animals immune against red water are susceptible to it. Clinically, 
it causes a severe type of illness, with fever, anaemia, and diarrlura, with 
yellow faeces and urine. The blood shows anisocytosis, poikilocytosis, ])oly- 
chromasia, and basophilia. The post-mortem appearances arc anaemia with 
jaundice, enlarged and yellow liver, inspissated bile, and enlarged splecTi. 

Anaplasma marginale var. centrale i'heilcr, 1912. 

Like A. marginale , but situate towards the centre of the cell. Type of 
illness milder than the above form. 

Anaplasma canis Basile, 1912. 

Cocci-like forms and crescent-shaped bodies free and enclosed in cor- 
puscles found in peripheral blood, liver, spleen, and lungs of dogs around 
Messina. Lcirge form 4*9 by 2*3 observed, provided with a flagellum 
measuring 5 /x. 

Pathogenicity. — Causes canine anaplasmosis. 

Genus Aehromatieus Dionisi, 1898. 

Definition. — Piroplasmidee with easily visible but not voluminous cytoplasm, 
sickle shaped, pyriform or rounded. Schizogony in red cells. Many mcro- 
/oites. Large solitary parasites. 

Type Species. — A. vespevuginis Dionisi, 1898. 

Aehromatieus vesperuginis Dionisi, 1898. 

This parasite was found by Dior si in the noctule in 1 898. Sambon classilies 
it as a Piroplasma, but this is doubted by Nuttalland Graham-Smith, as well as 
by Dionisi, though they report pyritorm endocellular parasites from blood films 
from bats of the genus Vespevngo, and Nuttall and Graham-Smith report four 
pyriform parasites in a corpuscle. Gondcr, however, believes that it is in some 
interme(liate])osition between the Plasmodidaeand the Piroplasma, and Nuttall 
and Graham-Smith consider that further investigations are necessary before 
it can be classified. We agree with Gonder, and consider the parasite to 
be neither a Piro])lasma nor a plasmodium, and therefore return to Dionisi's 
original idea of a separate genus. Recently it has been studied by Yakimofl, 
Stolnikoff, and Kohl-Yakimofi, who believe that it is a true Piroplasma. 
Another species is A . gihsoni Patton, 1910. 
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Genus Rangelia Carini and-Maciel, 1914* 

Definition. — Piroplasmidse, often in"^ pairs, with rounded, oval, or 
pyriform appearance, with easily visible cytoplasm. Schizogony in 
endothelial cells in internal organs. Merozoites very numerous. 
Type Species.— vitalM Pestana, 1910." 

Rangelia vitalli Pestana, 1910. 

This is the cause of a disease in dogs in Brazil called nambiavu. 


Genus Rossiella Nuttall, 1910. 

Definition. — Piroplasmidse of unusual type, with voluminous 
cytoplasm, not pigmented; rounded form and rounded nucleus, 
which is not peripherally placed. Schizogony in red cells, division 
first into two and subsequently in more merozoites. 

Type Species.— ro^isi Nuttall, 1910. 

Rossiella rossi Nuttall, 1910. 

l^arasite (;f (^-anis admtus in Africa. 


Genus Elleipsisoma Fr.niga, 1910. 

Definition. Pinvplasniidie of uniisuai type, with \'oluminous 
cytopl.i.siu, not pignioiited; living in n^d blood C(‘lls which become 
deh<'en)og]<.>biiiized. Schizogony in tlie lungs. 

Type Species.- -Elleipsisoma thomsoni Franga. 1910. 

Elleipsisoma thomsoni Franga, 1910. 

Pam site of Tad pa enropcea and T. cceca. 

Genus Bartonella Strong, Tyzzer, Brues, Sellards, and (lastiaburu, 

1915- 

Definition. — Piroplasmidac witli rounded or rod-sliaped dividing 
lornis, soiiKdimes in chains; reproduction by binary division, 
cytoplasm and chromatinic substance often diffeianitiated wit!i 
difficulty. Motile. Habitat, red blood-corpuscles. 

Type and Only -l-jarionella hacilliformis Strong, Tvzzer, 

Jh'ues, Sellards. and (jastiaburn, 1915. 

Bartonella hacilliformis Strong, Tyzzer, Brues, Sellards, and 
(lastiaburu, 1915. 

DeUmtlon,- -Bar I one I la with the characters of the genus. 

History. — In 1901 and 1902 Barton found an organism in Oroya 
l(‘Ver which Tamayo and Oastiaburu identified as belonging to the 
paratyphoid group. 

In 1905 Barton described bacillary-like bodies in the red cells of 
persons suffering from malignant fever. In 1909 he noted these 
bodies in fourteen additional cases, and stated that they were 



BARTONELLA BACILLI FORM IS 503 

protozoa, and probably the cause of the disease. In the same year 
Gastiaburu and Rebagliati confirmed these findings and regarded 
the organism as the cause of Oroya or Carrion’s fever. In 1915 
Strong, Tyzzer, Brues, Sellards, and Gastiaburu, confinned and 
enlarged these discoveries and named the parasite. 

Morphology. — In fresh blood- films the parasite appears as a 
rounded or rod-shaped body, o-5-i*o microns in diameter in the 
former case, and 1*5-2 *5 microns in length in the latter. They are 
very abundant in severe cases, and arc endowed with a definite 
motility which ‘s totally distinct from pedesis. They glide slowly 
about the cell. Sometimes a dot or bead-like body can be seen at 
the two poles. 



Fig, 165. — Life-Cycle of Bartonella haccilliformis Strong, Tyzzer, Brues, 
Sellards, and Gastiaburu, 1015. 

(Constructed from the illustrations in the Keport of the First Expedition of the 
Harvard School of Tropical Medicine to South America in 1913.) 

When stained they arc seen to be slightly curved, and to be 
present as single individuals, pairs, or in chains of three to five. 
V and Y forms are not uncommon, and are considered to represent 
dividing forms. Cross forms are rare, and duo to organisms being 
superimposed. 

The ends of the rods are more intensely coloured than the rest 
of the organism. 

Some forms are rounded, oval, or almost pyriform. As many as 
ten parasites may be found in a single cell, which they apparently 
destroy. 

Life-Cycle.— They arc also to be found in large swollen endothelial 
cells, free or attached to tlie vessel wall, in the spleen and the lymph 
glands. An endothelial cell may be so distended with rounded and 
rod-shaped parasites as to occlude a vessel. In these cells the para- 
site, when coloured by Giemsa’s stain, appears as rounded bodies, 
composed of bluish cytoplasm and containing small granules of 
chromatin, which vary in number from one to many, and it is sug- 
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gested that the parasite breaks up into a large number of minute 
elements, each of which possesses a chromatin granule. These 
elements grow and become rods, which are set free by rupture of 
the enclosing sphere, and so fill the endothelial cells, from which 
they escape also by rupture. The rods are looked upon as gameto- 
cytes, rather than mcaozoites, and are considered to be tlie forms 
seen in the red cells. 

Comparison. — Tlie organism is believed to resemble Theilena 
parva. 

Inoculations. — Attempts to transmit the parasite to inoculated 
animals failed. The animals used Were rabbits and monkeys. 

Cultivation. — So far the organism has not been cultivated. 

Transmission by Insects.— Experiments have been performed with 
the mosQuito Phalangomyia debilis Dyar and Knab, but no evidence' 
of the presence of the parasites in the stomach or salivary glands 
could be. obtained. 

Pathogenicity.- -It is b(;lieved to be the causal agt'nt of Oroya fever. 

Family Plasmodidji Luhe, 1906. 

Synonyms. — Gymnosporidia Labbih 1(^94; Acytosporidia Wasie- 
lewski, 1896; licc.mamd'bidce J\oss, 1899; Acyiosporea Mincliin, 1904. 

Definition. — Hiemosporidia with h.'emozoin. Tlu' tr()])hozoitc 
grows into tlu^ schizont. containing liaemozoin, wliich breaks u]) into 
a numbea' of merozoites, which are usually said never to be fiagellatic 
'I'he ookinete taicysts and forms a typical oocyst, which l)r('aks 
up eventually into sporozoites. 

Classification.- Tlu'. genera of the Plasmodida" are: Plasniodi-um 
Marchiafava and Celli, 1885: Laverania Grassi and Feh4ti, 1889: 
Hcemocystidimn Castellani and Willey, 1904. 

'fhese genera may be distinguished as follows 

A. Size large. Schizogony binary or at times (piatiTuaiA', in 

g c ‘ 1 u ' r a 1 c i r c u 1 a t i o n — Ham 0 cy ' .s t id A ini. 

B. Size small. vSehizogouy into more tlijin four merozoit ( S- 

I. Without cr(\sc('m l)o(li(‘s- Plasmodii m. 

11 . Whlh crescA'iil l)()(li('s J arrerania . 

Genus Plasmodium Marchiafava and Celli, 1885. 

Synonyms, - 0 .se? //ana Faveran, 1881; HcrniatumonasOAei:, 1887; 
HmnaiophyLlum Metchnikolf. 1887; dlcemania’ha Grassi and Fek'tti, 
1889; Laverania Grassi and Feh'tti, 1889; Cyiamccha, DanilcWski, 
1890; Proteosoma La.l)be, 1894; JlcPditosporidinm 1897; 

CytospOYOn Wasielewski, 1901. 

Definition. — Plasm odidie, in which the gametocytes resemble more 
or less the schizonts by being round in shape. Schizogony in the 
peripheral blood. 

Nomenclature. — ^Some remarks arc perhaps necessary on the 
nomenclature. Laveran first used the term Oscillaria because he 
saw the flagellate form, which at that time was thought to be a 
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Polymitus form because of its flagella. Later Laveran repudiated 
this term, which, indeed, could not be used, because it had already 
been applied to a plant. He then suggested the term ' hsematozoon,’ 
but this is objectionable, because the haematozoa are a group of 
parasites, and not a single genus. Metchnikoff suggested the term 
Hcematophyllum malaricB, which is equally impossible; therefore the 
earliest distinctive temi is ‘ plasmodium’ which Was used by 
Marchiafava and Celli in 1885. 

It is not a good term, because a plasmodium is generally con- 
sidered to be a mass of protoplasm ‘/ith several nuclei representing, 
not one single animal, but several. 

General Accovnt. — -The nalarial parasites may be taken as the 
typical examples of the Plasmodid^e. 

The malarial parasite exists in nature outside the human body 
in certain species of different genera of the family Anophelinae, 
a tyj>c of mosquito which is somewhat easily identified by its 
habit of projecting at almost right angles from the surface on which 
it stands. In the salivary glands of infected insects the malarial 
parasites aia^ found as line fusiform bodies, about 10 to 20 fi in length, 
and I to 2 fi in breadth, lying in the cells or in the duct. These 
fusiform bodies are called sporozoites, and consist of cytoplasm 
containing a central nuchns composed of chromatin. 

The ends of the parasite are pointi^d, one being sharper than the 
other. They are capable of movement forwards, and of flexion into 
loops or curves. It may be that the sporoz(yites rei)resent male, 
female, and indifferent parasites, or they may not; the question 
is still undecided. 

When inoculated hito man by a mosquito, they penetrate into the 
red blood cells, and develop into small endo-corpuscular parasites 
called the trophozoites, which at first are composed of cytoplasm and 
a nucleus. 

This young trophozoite grows, throwing out pseudopodia for tlu‘ 
purposes of nutrition, and presently a vacuole appears, converting 
th(‘ small parasite into a ring form, which, according to vSehaudinn, 
is of benefit in enabling it to absorb nutriment quickly. 

The vacuole does not keep pace With tlKj growth of the parasite, 
and finally in the old form disappears. Early in the ring forms 
there appear granules of a black pigment, which used to be called 
melanin, but which has by no means the chemical characteristics 
of true melanin, as will be described under Malaria. This pigment 
has been named by Sambon ‘ hceuiozoin ~ -a name which appears to 
us to be peculiarly suitable, and will therefore be used in this work. 
It is really of an excrementitious nature. The fully-grown tropho- 
zoite now ceases to be amoeboid, and, becoming rounded off and 
full of pigment granules, is called the schizont, which has a subcentral 
nucleus. This nucleus now divides, so that parasites may be seen 
with two, three, four, five, six, up to twenty- four nuclei. The 
cytoplasm around these nuclei segments into small bodies called 
mcrozoites, each With a nucleus, but an unsegmented portion 
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containing the haemozoin, and called the residual mass, or nucleus 
de reliquat, is always left unsegmented. 

The blood- corpuscle now breaks up, and the merozoites, residual 
protoplasm, and pigment are liberated into the blood stream, 
where the effete matter and some merozoites are taken up by the 
leucocytes and destroyed. 

The merozoite usually tries to enter a red blood cell and to start 
again as a trophozoite, thus completing a cycle in the blood of the 
human being who is acting as host. This cycle is called the cycle 
of Golgi, or schizogony. Sometimes more than one merozoite will 
enter a cell, thus giving rise to multiple infection. In such a case 
they are generally of the same age. but this is not invariable. In 
the red cell, under these conditions of multiple infection, some 
observers have thought that th<‘ young trophozoites might con- 
jugate; but this, together with the suggestion of further division 
of the merozoite, We believe to be incorrect, though it must be 
admitted that forms with a double nucleus can be seen. When 
such a binuck'atc' form is seam nowadays, it makes the observer 
think seriously of a possible flag('llate origin, and inclines him to 
support Sambon and Hartmann's classification, but never, as far 
as We Iviiow, has anyone seem a flagellate merozoite in human 
malaria. 

It will !)(' S('('n that in going through the process of schizogony 
one s])orozoit(' beconu'S several rniTozoites, and that each of these 
may again i)ecome sc'vaa'al merozoites, so that the infection grows 
unless k(‘pt in cluck by phagocytosis, and perhaps chc'mical action 
or cpiiniiu' tri'Jitiiieni . 

luich ])ara.sit(‘ nu'ans a. red cell destroyed and so much toxin 
liberated into the bhuxl stream. Hence in a. certain number of 
days (eiglit to twelve, as a. rule) the parasites will hava^ increased to 
such a (legrec* that tluar collective toxins, acting upon the organs of 
the body, upset the metabolism and produce an attack of fever. 
This period of eight to twelve days is the incubation period of the 
disease. 

It is possibk'. that all the sporozoites develop into schizonts, and 
there is at piX'Seiit no <;vidence that they develop into malt! or 
female forms directly. If they do not do this, then the merozoites 
must differentiate si xually; for in about a week male and female 
fonns can be se(m in the blood stream, and, moreover, very young 
stages can be observed. 

The earliest form of a sexual parasite is like an ordinary merozoite, 
but it grows very slowly, and it never possesses a vacuol(\ and as it 
grows its protoplasm In conu'S ht;avily pigmented and granulated in 
the female, and lighter and clear in the male. The result is to produce 
a femah^ typo of parasite called the macrogametocyte, or a male 
type of parasite, the microgametocyte. So that there are three 
types of parasite- — the indifferent or schizont, the female, and 
the male. 

The macrogametocyte is characterized by possessing a small. 
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more or less rounded nucleus excentrically placed and poor in 
chromatin, and a cytoplasm full of granules and pigment. 

The microgametocyte is characterized by having a large nucleus 
extending like a band across the cytoplasm, and much chromatin, 
a clear protoplasm, and less pigment. 

The macrogametocytc and microgametocyte are the means of 
propagating the parasite in the mosquito, and if they fail to reach 
the gut of this insect the microgametocytes die off. 

The maciogametocytes, on the other hand, are extremely per- 
sistent, and can wait in the bod\ for a long time until some chill 
or accident lowers its resistance, when they become active and 
develop merozoites by parthenogenesis, thus accounting for the 
relapses and the recurrences of malaria, even months and years 



Fig. 166. — Schizogony m Plasmodium Fig. 167.— OocYsr in Stomach of 
vivax (Grassi and Feletti, 1890). Anopheline Mosquito. (X 1,000 
(X 1,000 Diameters.) Diameters.) 

(By Norman; given us by J.J. Bell.) (By Norman, from a preparation 

by James.) 

after having left a tropical country. Hence in malaria there is a 
latent phase which is capable of lasting an unknown time -at least 
one to three years, perhaps longer; but upon this subject more 
will hi) said later, and, indeed, more information is urgently needed. 

In developing parthenogenctically, the nucleus of the macro- 
gametocyte divides into two portions, one rich and the other poor 
in chromatin. The pigment granules gather round the pale nucleus, 
and with it the surrounding cytoplasm [ind hcemozoin form a sort 
of nucleus de reliquat. The rest of the protoplasm, rendered clearer 
by loss of its hcemozoin, contains the nucleus rich in chromatin, 
which now divides like the nucleus of a schizont, and forms mero- 
zoites, which, escaping from the red cell, infect red corpuscles, and 
start the cycle of schizogony anew. 

Etheogenesis is unknown in the malarial parasite. 

If a female mosquito (the male does not suck blood) belonging to 
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certain of the genera of the Anophelinae sucks the blood of a 
person in whom both macro- and micro-gametocytes are to be 
found, a new cycle is started in that mosquito. This cycle is 
sporogony, which is characterized by being a sexual process. 
Changes now appear in the macro- and micro -gametocyte, Which 
are thought by Scliaudinn to be brought about by the alteration in 
temperature. 

The macroganietocyte, escaping from its red cell, undergoes 
reduction by division of its nucleus once or twice, forming polar 
bodies. The reduced gametocyte is now called the macrogametc. 

Similarly the microgam etocyte Undergoes changes, for chromidial 
masses separate from its nucleus and travel to the periphery of 
the parasite, from which thin threads of protoplasm now project. 



lo(.. i()S. SrukucN'sis i.\ SroMAi'ii oj'' Anopiii-:hnk Mosyurro. (v 1,000 

l^lAMETIiKS.) 

(By Norman, from a pn^paratitm by jamc;s.) 

These threads, which \'aiy from four to six in number, lash about 
vigamously, moving tlie whole j)arasite, which therefore whirls about, 
and it and its processes, called llagella, were looked upon as a 
polymilus; hence this stage is often called the polymitus si age. 

The threads break oh, and are now called microgametes. Each 
microgamete is composed of a long, tapering thread of protoplasm 
capable of bending and moving rapidly* Its chromatin is spread 
along it in dots or bars, and hence the whole structure somewhat 
resembles a spirocha^te, but there is no undulating membrane. 

A microgamete now conjugates with a macrogamete, the male 
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and female pronuclei fusing to form a synkaryon, and the resulting 
zygote is called an ookinete. This zygote elongates, and its anterior 
extremity, which is more or less clear of lianriozoin, becomes pointed; 
the nucleus lies in the middle, and the posterior end contains most 
of the pigment, which may be largely cast off or may be retained. 

It now pierces the epithelium of the mosquito’s stomach, below 
which it comes to rest, and forms a diin cyst-wall, and is called the 
oocyst. This now grows rapidly, and its nucleus divides int o a large 



Fin. i6o- — D iagram of thf Ltfk-Cycfe of Plasmodiuui vivax ((iuAssi 
AND FeLFTTI), in MaN AND THE AnOT’HELINE MoSQUITO. 


number of daughter nuclei, around each of which tlie proto]:>lasm 
gathers, forming th(‘ sporoblasts, which are somev/hat connected 
together (Fig. 169). 

The nuchuis of each sporoblast now divides into several small 
nuclei. These travel to the perixdiery, which grows out into a scries 
of small projections, each of which takes a chromatin particle with 
it. Each of these projections is a sporozoite, so that each sporoblast 
forms a large number of sporozoites, and leaves a residual mass ol 
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pigment and cytoplasm undivided. The cyst, now enormously en- 
larged, bursts, and the sporozoites escape into the coelome of the 
insect, which in this case is a haemocoele, and therefore they enter 
the blood, and are carried by it probably all over the insect^s body. 
Certainly they arc seen in the thoracic muscles, but finally they 
find their way to the salivary glands, and so to a new host, or 
according to Sehaudinn to the eggs, and so probably to a new 
generation of mosquitoes. 

Sporogony takes about ten to twelve days, during Which the 
mosquito will have sucked blood three or four times. 

Abnormal Forms. — In mosquitoes, whether infected by malarial 
parasites or by Protcosoma, peculiar bodies, called ‘ black spores ’ 
by Ross, are sometimes found in the stomach wall, which arc now 
known to be protozoal parasites of the genus Nosema, which have 
invadcid tJie oocysts, and are therefore hyperparasites. 

C}X\i\vdA\on, ^PIasmoditmi malaricB, P. vivax, and Laverania 



Fig. 370. - An Oocvst 

SIIO\VlN(. Ross’s ‘ BL^CK 
Sl'OKlCS,' NOW KNOM'N TO 
HE J’ROTOZOA BELONCaN(, 


malaricB were first cultivated by Bass, 
alone and with John. They grow anae- 
robically in blood j mixed with dextrose 
at 41 C., but the^ blood must have no 
leucocytes if more than one generation 
is to be cultivated. I'he whole asexual 
cycle of P. vivax and L. malaricv has been 
completed in vitro in the corpuscles of 
human blood. Forms suggesting par- 
thenogenesis were seen. 

Animal Hosts. — Although species of 
Plasmodium exist in animals, still there is 


TO THE Genus Nosema. no evidence that the human parasites live 
(After Grass].) in any other animal than man. Fermi 

and Lumbau in 1912 have tested this 
with regard to bats, sparrows, owls, quails, and frogs, with 
negative results. 

Classification.- -A number of species, increasing gradually, belong 
to this genus, among which are two of tlie malarial parasites, P. vivax 
and P. malaricv. 


Plasmodium vivax (irassi and F^eletti, 1890 (Plate I.). 

Hcrviamcvha vivax Grassi and Feletti, 1890; //. 7 nala- 
ricc var. magna Laveran, 1900: U. malarice var. tertiance Laveran, 
Tpor; Plasinodium malar ue var. tertiance Celli and Sanfelicc, 1891; 
I\ malarice tertianum Labbe, 1899; Hcemosporidium terlianum 
Levdvowicz, 1887. 

Plasmodumi vivax is the parasite of tertian malarial fever, and 
derives its specific name from its energetic amoeboid movements, 
which probably take place for purposes of nutrition. 

Its schizogony has been well studied by Golgi and Schaudinn, 
and its sporogony by Grassi, Bignami, and Bastianelli. 

The whole process of the schizogony of P. vivax can be sum- 
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marized as follows: — During the first twenty-four hours after the 
entry of the sporozoite or merozoite into the red cell the little 
trophozoite, which at the beginning is about one-third the size of 
the erythrocyte, grows rapidly, absorbing nutriment from the red 
cell by its pseiidopodia and by the large surface of cytoplasm ex- 
posed, owing to the size of the vacuole. 

Hence, not merely does it increase in size, but it acts deleteriously 
upon the enclosing cell, which loses its haemoglobin, turns pale and 
degenerates, as is evident by its becoming swollen owing to the 
absorption of fluid, and by showing, on staining with any modifica- 
tion of Romanowsky, a dotted appearance due to red granules 
called Scliiiffncr’s dots. These dots can be seen in red cells affected 
by other plasmodia — e.g., P. cams in the dog. In growing, it gives 
rise to a quantity of haemozoin, which appears as fine, reddish- 
brown granules, often seen in active movements due to currents in 
the cytoplasm of the parasite. In about thirty hours it becomes 
rounded off as the schizont (Fig. 44, p. 294), 8*5 in diameter. 

From the thirtieth to the forty-eighth hour the fully-grown 
schizont undergoes sporulation, when it will be noticed that fifteen 
to twenty merozoites are formed, while the haemozoin granules are 
packed together, either into the centre or towards the periphery of 
the parasite. It will also b(‘ noted that the red cell is now con* 
siderably swollen and almost colourless. 

About the forty-eighth hour the remains of the corpuscle dis- 
integrate, and the merozoites (size 1*5 ^), hiemozoin, etc., escape. 

So that P. vivax occupies forty-eight hours in the process 
of schizogony. As curiosities, it may be mentioned that a 
trophozoite or a schizont may be seen in the same red cell as a 
gametocyte. 

Sporogony. — ^The development in the mosquito was first worked 
out in Anopheles claviger. 

The development of the gametes, and the fertilization of the 
macrogamete, and the structure of the ookinete, have been carefully 
described and figured by Schaudinn {vide Figs. 45, 46, and 47, p. 294). 
In about forty hours after the mosquito has been fed, the oocyst can 
be found as a round transparent body with strands of yellowish 
haemozoin scattered throughout it, lying in the stomach wall beneath 
the epithelium, and covered ovv.v by the musculo-elastic layer of the 
gut. Its wall is seen to be Well defined — i.e., the ookinete has become 
encysted. By this time the chromatin will have divided into small 
masses. 

On the third day it will have become from one-third to one-fourtli 
larger, and the cyst-wall will be more distinct, and the imperfect 
segmentation of the protoplasm around the nuclei can be seen. 
The haemozoin is seen gathered into little masses lying between the 
segments of the cytoplasm, which are the sporoblasts. The first 
stages of the formation of sporozoites may also be observed. 

During the fourth day the size increases about a fourth, and the 
nuclei and their surrounding protoplasm will have formed some 
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twenty to thirty sporoblasts, whose periphery will be marked by a 
palisade of forming sporozoites. 

Between tlie fourth and fifth day the cysts (50 in diameter) 
full of sporozoites (size 14 /bi) will be seiui to be x>rojecting into the 
coelome. 

After th(^ seventh day the oocyst ruptures, and the sporozoites 
escape and find their wa.y to the salivary glands, in the cells of 
which they lie, mainly in those of the mid or poison gland. Thus, 
about the tenth to the twelfth day after infection the mosquito is 
ready to spre^ad thc' disease by its bite, and the cycle of sporogony 
is complete. It must be remembered that Schaudirm observed 
infection of the mosquito’s egg, but wladher the parasite penetrates 
into tho larva, and from that to the pu])a, and thus into a second 
generation, is not known. 

Plasmodium malarias i.avt ran, 1881 (Plate I.). 

Synonyms.- -Ilcvmajwrha malaritv Grassi and Feletli, 1890: 
//. laverani var. quart an a La])l)e. 1894; //. malaria v^ar. magna 
Laveran, 1900; H. malaria var. quariana Laveran, K.pl’, Plasmo- 
dhini malaria var. quartana Celli and Sanfelice, 1891; Ifamospor- 
idiimi qiiarfana l.ewkowicz, li^cjy ; Plasmodiim ma'aria quarlanum 
Labbe, 1899; P. golgii Sainbon, 1902; Laverania malaria Jannesco, 
1905- ',\m\ (hciHavia malar 'ia Laveran. 1881. 

Schizogony .--Ihe young trophozoib;, whicli is smaller than 
P. vivax, forms a compact ring, which lies in an unaltered er37thro- 
cyte. and shows, as a rule, but little pseudopodial activity. Very 
soon luemozoin appears in the fonn of dark rodlets. 

Aft(a' tlu' first twenty-four hours the parasite' is found to be much 
larger, and the h.xmozoin more abundant. The granules of pig- 
ment will b(- noticed to l)e gathered at the x)eripher^^ and to be 
very dark in colour, and non-motile. The red cell tends, if any- 
thing, to b('come smalka and darker. In about sixty hours th(' 
trophozoite will have become the full-grown schizont, which is a 
large, round, pigmented body surrounded b\^^a rim belonging to 
the corpuscle. During the next twelvi' hours its nucleus dividi^s up 
into six or twelve nuch'i, around which the cytoplasm gathers, while 
the haemozoin is driven into the centre, and the apx)earance of a 
daisy is produced ly th(' C('ntral block of lia.‘mozoin and the regular 
arrangenK'iit of the merozoites around it (size () /z). 

The merozoites (size 1-75 ja) are now set free, and, as a rule, many 
of them appear to be killed olT. and not to be abh* to affect the red 
cells. More rareh^ tluy go on increasing in number, and n'ccmtly 
have been said to cause death in a case (Leishman), but a severe 
infection is not usual. 

The', whole schizogony takes places in the peripheral blood, and 
occiipii'S seventy-two hours. 

Sporogony. — Gametocytes are very rarely seen, and only after 
the disease has lasted a long time, but Vida has recently described 
all stages of their development as seen in the peripheral blood. 
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They begin as small fonns, with a central nucleus but no vacuole, 
and soon become pigmented, the fully-grown macrogametocyte 
being a little larger than a normal corpuscle. Its dark cytoplasm is 
heavily pigmented, especially at the periphery, at Which the nucleus 
is also placed. The corpuscle forms but a small rim around the 
parasite. 

The microgametocy te shows the usual structure already described, 
but is less pigmented, and has a clearer cytoplasm. The cor])uscl(i 
is not enlarged, as in the case]^ofj^the macrogametocyte, and much 
more of it is visible around the parasite. The formation of the 
microgametes has been observers, but the infection of the mosquito 
is difficult to bring about, though the development in the mosquito 
has been traced by Bignami and Bastianelli. The oocyst is charac- 
terized by the pigment, which is black, coarse, and gathered into a 
clump. The cycle of development is the same as in P. vivax, but 
takes about eighteen to tWenty-one days to be completed after 
infection in mosquitoes which were kept at a temperature of about 
22° C. This appears to be the degree of heat at which the process 
takes place best. At the end of that time the completely developed 
sporozoites can be seen. 

Pathogenicity. — ^Cmisos quartan fov('r. 

Plasmodium temic Stepliens, 191.1, is an extremely ameeboid form, with 
scanty cytoplasm and much chromatin, found first in blood-films from India, 
but known also in Africa. It may bo Laverania malaricB. Plasmodium 
caucasicum Marzinowsky, ipid, found on the Black Sea littoral, may also be 
Laverania malavicv. 

Plasmodium danilewskyi Grassland Felctti, 1890. 

Synonyms. — Laverania danilewskyi Grass! and Felctti, 1890; IIcBmamceba 
relicta Gviissi 'cind ludetti, 1891 ; Cky/osporon malaricv avium Danilewskyi, 1891 ; 
Proieosonia grassii Labbe, 1894 ; Plasmodium velictum Sergent, 1907 . 

This parasite was discovered by Grass! in the blood of birds in Italy, and 
causes death in partridges in Hungary. It affects sparrows in India, and is 
the form in which Ross first traced the development of a plasmodium in a 
mosquito. It occurs in Ceylon, and is common in Africa. 

The young trophozoite becomes pigmented, and, displacing the nucleus, 
grows into the schizont, which forms about nine merozoites. 

The macrogametocyte has but little chromatin in its nucleus, which is 
rounded, while the microgametocy to has an elongated, darkly - staining 
nucleus. 

These develop in Citlex faiigans, C. nemovosus, or some other species, when 
in about twelve to lifteen hours ookinetes are seen, and in about one to two 
days well-developed oocysts are present in the stomach in the form of round, 
transparent cysts, with haemozoin sccittcred through them. 

In three to four days the oocysts have increased in size, and sporoblasts 
have appeared, and even sporozoites are forming. 

In nine to ten days the oocyst has become fully developed and bursts, 
and the sporozoites can first be seen in the muscles of the thorax, and then in 
the salivary glands, in which they lie principally in the central or poison lobe. 
The black spores already mentioned can be noted in the stomach, and, accord- 
ing to Stephens and Christophers, in either the thoracic muscles or in tlie 
salivary glands. 

No traces of parasites have been found in the larva; or second generation of 
Citlex. 
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Plasmodium kochi Laveran, 1899. 

This plasmodium is found in chimpanzees {Anthropopithecus troglodytes 
Gm.), and in monkeys in Africa and in Ceylon; in the latter it causes illness 
and death. The spleen and bone-marrow are found pigmented. It is said 
not to be inoculable. 

Plasmodium pitheci Halberstaedter and Prowazek, 1907. 

Found in the ourang-outang {Simia satyrus) and the chimpanzee, in which 
the trophozoites resemble P. vivax and the gametes P. malaricB. Schiilfner’s 
dots can be seen. 


Plasmodium inui Halberstaedter and Prowazek, 1907. 

In Macac-us cynomolgus L. and M. nemesfrinus L. It is like P. pitheci, 
but the hsemozoin is in the form of fine yellow granules, Merozoites, twelve 
to sixteen in number. Schiilfner’s dots absent. 


Plasmodium oynomolgi Mayer, 1907. 

In M. cynomolgus L. Merozoites, eight to thirteen. Schiiffner's dots 
present. 

Plasmodium bovis Kolle, 1898. 

In cattle in South Africa, in which they produce remittent fever and severe 
anaemia. 

Plasmodium canis Castellani and Chalmers, 1910. 

This parasite, which is very common in pariah dogs in Ceylon, was discovered 
by us in 1908. It resembles P. vivax, entering the red cell as a small round 
merozoite, and growing into a pigmented plasmodium, and finally dividing into 



Fig. 171. — Plasmodium canfs^CASTELLANi and^Chalmers. 

1-2, Merozoite entering the corpuscle; 3, young trophozoite (the red cell 
shows Shiiffner’s dots) ; 4-6, trophozoites, enclosing cells showing Shiiffner’s 
dots; 7-10, schizonts showing various stages of nuclear division prior to the 
formation of the merozoites. 


a number of merozoites. Schiiffner’s dots are also present. Fig. 171 shows 
the schizogony of this parasite, and Fig. 172 the gametocytes. The macro- 
gametocyte has a small rounded nucleus and the microgametocyte an elongated 
narrowish nucleus extending across the parasite. 
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Plasmodium equi Cast cllani and Chalmers, 1913. 

Found by us in a horse in Ceylon. 11 clo.sely resembles cams. 

Plasmodium brasilianum Gonder and Gossler, 1908. 

Resembles the human quartan parasite, but found in Brachyurus calvus in 
Brazil. 

Plasmodium vassali Laveran, 1905. 

Synonym. — P. vassali Sambon, 1907. 

l‘'onn(l by Vassal in a scjuirrel — Sciurns gviseiniavus. 



l-'ic.. i']!. - Plasmodium canis and ('iialmers. 

I. N'oun^ gametocyte; 2, Macrogametocytc; 3, Microg.unetocyte. 


Other Forms. 

In Mammals. — lUasmodium muriuum Dionisi, 1898, in MyoUs myotis; 
1\ monosoma Vassal, 1907, in Pcsperui^o abranms. 

In Birds. — P. majoris, in Favits major; P. vaughani Novy and MaeNeal, 1904, 
in Mcrula migratoria . 

In Lizards. — P. diploglossi Neiva, 1900, in Diploglossns fasciahts ; 

P. iropiduri Aragiio and Neiva, 1909, in Tropidnnts iorqitaiiis Wied. in Brazil. 

Genus Haemocystidium Cast ellani and Willey, 1904. 

The characters of this genus resemble tJiosc of tlie: genus Plasmodium, but 
the ])arasiles are gcmerally larger, and, according to Dobell, the si.hizogony is 
very simple, then^ being as a rule binary and occasionally quarternary di\nsion, 
whicli lakes place in the g(meral circulation. Woodcock, however, considers 
the forms whicli l)obell describes as binary iission to be fusion forms of lh_c 
parasites. Figment present. 



Fig. 173. — Hccmocystidium simondi Castkllani and Willey. 

{After Castellani and Willey.) 

H»mocystidium simondi Castellani and Willey, 1903. 

dhis parasite was found in Hcmidaciylus Icschcnaultii Gray in Ceylon. 

( Hlu'r species: 11 . mctscJuiilcmvi Simond in Chitvao indica Gray in India; 
H mesnili Bonet in Kaja sp. (?) in West Africa; II. roitmei Bonel in Cinnyxis 
helliana Gray in West Africa; IP tesiudinis Laveran in Testndo pardalis i 
South Africa; II. najcB Wenyon in Naja haje ; and in Naja nigricollis i 
Khartoum. 
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Genus Laverama Grass! and Feletti, 1890. 

Definition.— Plasmodidie, in which the gametocyte is dissimilar 
from the schizont, aiopearing in the form of a crescent. Schizogony 
in the red blood cells in internal organs. 


Laverania malariae Grass! and Feletti, 1890 (Plate L). 

Synonyms,- -HcBmamreba malarice Laveran, 1890; H. prcecox 
Grass! and Feletti, 1890; H. laverani Labbe, 1894; //. immaculaia 
Grass] and Feletti, 1891; Platmiodium malarice var. quotidiance 
Cell! and Sanfelice, 1890 ;P. pree^ox Doflein, 1901; P. immamlalum 
vSehaudinn, 1902 P .falciparum ^hinchurd, 1905; Hcemomonas preecox 
Ross, 1899; Hcemosporidium undecimance J.Q\\rkov^\cz, 1892; H. sede- 
cimance LeWkowicz, 1892; H. vigesimotertiance Lcwkowicz, 1892; 
Hcematozoon falciparum Welch, 1897. 



Fig .174. — Male Ck lcscen t of Lauev- 
ania malar ice (Grassi and Feletti, 
1890). (X 1,000 Diameters.) 

(By Norman, through the 



Fig. 175. -Female C'rescent of 
Laverania malarice. (Xi.ooo 
Di.\meters.) 

kindness of J. J. Bell.) 


The young trophozoite begins as a very small parasite, which 
quickly forms a ring, of whicli the size is only one-sixth to one- 
seventh of the dianuder of tlie enclosing red cell. This quickly 
grows into an oval form, which becomes pigmented, while the en- 
closing erythrocyte in stained preparations may show the so-called 
Maurer’s dots, the significance of which is not understood. 

The fully-grown schizont (size 4-5 is but rarely seen in the 
peripherarblood, and the segmentation into merozoites (size 07 fj,) 
nearly always takes place in the internal organs, when eigdit to ten 
or fifteen are formed. When this is in progress there is a great 
tendency for the red corpuscles to cling together and to the Wall, 
of the vessel, and hence to give rise to obstruction of the circula- 
tion, which produces the pcrniciousness of the fevers due to this 
parasite. 
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Differential Characters of the Malarial Parasites. 


Character. 

Schizogony 

Young Iroplio- 
zoitc 

Htcniozoin 

Scbizont 

Mcrozoitcs 

( jiinu'tocyios . . 
J'hyllirocytes , . 


P. malaricB. 


Completion in 
s e V c n t y - 1 w o 
hours. 

Y on ng t ropho- i 
zoiio, smaller 
ilian P. viva.r, , 
I larger than L. ' 
I walari(r: move- 
I ments rather ' 
j slow; pseiido- 
I o d i a not! 
j marked or long. , 

I Granules coarse, ; 
sluggish; peri- ! 


P. vivax. 


Completion in 
forty-eight 
hours. 

Young tropho- 
zoite, large; 
very acti vely 
motile; long 
pseudopodia. 


Granules fine; 
m o V c m e 11 1 
marked. 


L. malaricB. 


Completion in 
forty-eight 
hours or less. 

Young tropho- 
zoite, s mall ; 
actively motile. 


j Granules fine and 
I scanty; often 
j motionless. 


Much smaller 
than red cor- 
puscle. 

Eight to fifteen, 
arranged irre- 
gularly. 

Crescentic in 
shape. 

May be small and 
diuk. 


I p h e r a 1 1 y a r - 
j ranged; dark 
I brown. 

j vSmaller than red Larger than red 
I corpuscle. ' corpuscle. 

j Six to twelve, Fi fteen t o f wenty , 
i regularly ar- ' regularly ar- 
I ranged in a : ranged. 

I rosette. j 

! Resemble sporonts. Resemble sporonts, 
! but larger. i but larger. 

I Almost normal. : Pale and swollen. 

! 


Scliizogoiiy takes from thirty-six to forty-eight hours to be 
completed. 

Tli(‘ gamctocytes are characterized by being crescent-sliaped and 
larg(c with the remains of tlie red cell stretched round them. The 
luemoglobin of the cc'll is often seen lying in juxtaposition to the 
jiarasite, while the remaining portion of the corpuscle is almost 
colourless. 

The macrogametocyte is characterized by its long thin shape. 

h'AMlLY HiOiMOPKOTFlDZE Saillboil I90G. 

Definition. — llaiiuosporidia with haemozoin, but with ookinete which does 
not encyst. 

Genus Haemoproteus Kruse, 1890. 

Synonyms. — 11 alter id inm Lal)b6, iSp.j; Laverania Laveran, 1899; Trypano- 
soma Schaudinn, 190^; TrypanomorpJm Leger, 1906. 

Historical. — These parasites were first described by Grassi and Feletti in 
the blood of birds in 1890 as Laverania, a term altered by Labb6 in 1894 

alter idium danilewskyi. In 1904 came Schaudinii’s paper showing that 
they were stages in the life-history of trypanosomes, which has been sup- 
ported by the work of the Sergents, and has been severely criticized by Novy, 
McNeal, Ross, and Thiroux, who believe that Schaudinn made a mistake, and 
that the flagellates and intracorpuscular parasites are quite distinct. In 1908 
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a pap^ by Aragao appeared on H. columhcs, which certainly does not support 
bchaudinn s views; but in 1909 Woodcock’s researches, as already mentioned, 
strongly support that distinguished protozoologist ; however, later researches 
u indicate that Schaudinn was wrong and that his now cele- 

brated life-cycle for H(smopvoteus noctucB is a mixture of the life-cyclcs of a 
hffimoproteus and a trypanosome. We, however, at present still give Schau- 
dinn s account, pending confirmation of the recent work on the subject. 
At all events, the question as to whether Schaudinn was right or wrong 
cannot, impartially, be said to be settled one way or the other. 

Hs&moprotdUS noctuse Cell! and Sanfelice 1901. 

H. noctucB goes through the cycle of schizogony in Glaucidium nociuce Kclz, 
the little owl, and its sporogony in Cxilex pipiens Linnaeus. 



Fig. 176 . — Hcemoproteus mansoni Sambon, showing the Development of 

THE GaMETOCVTES. 

(After Sambon.) 


When this gnat sucks the blood of a little owl infected with lirrmoprotcus, 
two halteridial forms in the owl’s corpuscles are seen to undergo devel(.)pment 
in its stomach. These two forms arc the microgametocytes and tlic macro- 
gamctocytes . 


Microgametocyte. — The microgame tocyte ap- 
pears as a typical halteridium parasite enclosed 
in an erythrocyte, and possessing pale clear cyto- 
plasm, with coarse haimozoin granules and a large 
single nucleus, which is composed of eight groups, 
each containing trophic and kinetic elements. 

Macrogametocyte. — The macrogamctocyte as a 
typical halteridium, laden with food granules, 
lying in a pale, disorganized erythrocyte. It has 
a rather small trophonucleus, alongside of which 
is a small kinetonucleus. 

In the Mosquito. — When these gametocytes 
reach the alimentary canal of Culex pipiens, they 
escape from the erythrocytes, and appear free in 
the lumen of that canal, and proceed first to 
reduction and then to zygosis, with the formation 



of a zygote. 

The whole process has been carefully worked ^77- ^ ^I'^'^oproteus 

oiit by Macallum in another species of halteri- nochicc Celli and San- 
dium, and is confirmed by Schaudinn in the Felice. 


present species. 

Formation of thoMicrogametocyte.- Tlie micro- 
gametocyte is a clear hyaline body, which, on 
escaping from the red blood-corpuscles, throws 
out active flagella, which, after beating about 
a little, break loose, forming the free micro- 
gametes. Schaudinn studied the cytological pro- 
cesses underlying these grosser changes, and found 
that the trophonuclei were reduced to four chro- 


(After Schaudinn.) 

On tire left is the micro- 
gamete, and on the right 
a scheme showing the 
arrangement of the nuclei, 
centrosomes, undulating 
membrane, and niyo- 
ncmes. 


mosomes, while the eight kinetonuclei remain, 


and, separating from the parent nucleus, form microgametes in the way 
presently to be described for the development of a male ookinete into a male 
trypanosome. 
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The Microgamete.--- The microgamcte is very thin, and tapering at the 
posterior extremity, where it ends in a tail-like prolongation of tlie cytoplasm 
containing a portion of the 1 rophonucleus. The anterior end is acutely conical. 

The trophonucleus is elongated into a long thread, extending from the 
anterior to the posterior end of the body, and carrying four chromosomes in 
the form of dots at regular intervals. 



Fig. 178. — TI fT})topy()l('tts Fig. 179. — Hyrniopvofctis noctucB C.-elli and 

nocina^ ('iolli and San- Saneelice: Maturation of the Ookinete. 

Felice: The Ookinete. 

(After Schaudinn.) 

The kiiud oiUK'leus is situate in the posterior third of the cylc)plasm, and 
consists of a rather c'loiigated mass, with (dglit cliromosomes and one intra- 
nuclear centrosome. 

in addition to this centrosonu^ there are two others: an anterior, situude 
just at the liasc^ of the anterior conical jiroji'ction, and a posterior, situate 
just ant('ri(jr to the tail, being connected with the trophonucleus by a chro- 
matin bill*. 'I'he undulating membrane runs from the anterior to the posterior 
centrosom(\ and is strengtliened by eight myoiKunes. 


I 



bic.. 180. IJccinopyotciis noclna’ Celli and Saneelice. 

{.\fter Schaudinn.) 

Formation ol the indilft'rent ookinete and its development into the 
inditfereiit try]>anosome. 

^ Formation of the Macrogamete. — The macrogametocyte becomes rounded 
and ruptures the remains t)f the erythrocyte, and is set free. The centrosome 
of the trophonucleus disappears, and the chromatin forms a spiral thread, 
which separates by longitudinal and transverse divisions into four tetrads. 
The kinetonucleus first forms a spindle, |^and then divides, causing the hrsf 
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reduction, which results in four dyads, and then a second division follows, 
leaving four monads or single chromosomes. The kinctonucleus now returns 
to its old position outside and close to the trophonuclcus, and the macro- 
gamete is fully developed, 

Schaudinn was not able to trace out the reduction of the kinctonucleus, 
but it ultimately consists of four chromosomes and a centrosome, which. 
Woodcock points out, arc not wholly sexual. 



Fig. 181 . — HcBmopvotms noctucc Celli and Sanfelice, 
(After Schaudinn.) 


Formation of the male ookinete, and its development into the male 
trypanosome. 


Zygosis. — -Tills consists in the jienctration of a microgamete into a receptive 
cone, which has arisen from the cytoplasm'of the macrogamete on the side 
wht;re the nuclei are situated. 

Th(? only parts which enter are the male trophonuclcusTwhich is reduced, 
and the male kintdonucleus, which is not reduced, but which now undergoes 
two divisions, The trophonuclei of the male 
and female elements fus(‘. and form the fusion 
spindle, at either end of which the kineto- 
mu'lei take up positions, and thus the zygote 
is formed. 

Ookinete. — While zygosis is proceeding, and 
even before the comjilete formation of the 
synkaryon, the zygote becomes vermiform 
and motile, and is therefore called an ookinete. 

It consists of an anterior, hyaline, change- 
able end, which is followed by a region of cyto- 
plasm with vacuoles, then by a denser region 
with the nuclear spindle just described, and 
finally a rounded posterior end, full of granules 
and ha'mozoin. From this posterior end a 
portion of cytoplasm enclosing granules and 
hcomozoin, etc., is cut off, thus freeing the 
ookinete of waste material. The spindle of 
the synkaryon now consolidates to form eight 
chromosomes, which will constitute the tropho- 
nucleus, while the two kinetonuclei at either 
end of the spindle, meeting togeihcr, form a 
single kinctonucleus, which takes up a central 
position inside the trophonucleiis, and divides 
into eight chromosomes, with a centrosome 

in its centre. The nucleus of the ookinete, therefore, consists of a central 
centrosome, with eight surrounding chromosomes, around which lie another 
eight chromosomes, bordering the periphery. 

But ookinetes are not all alike. On the contrary, Schaudinn describes three 
kinds 

I. Indifferent Ookinete . — Cytoplasm clear, and staining faintly, with one or 
two large vacuoles anteriorly, and having some granular material and haimozoin 
still left. 



Fig. '[' 62.—-HcemopYoteus noc ~ 
tiice Ceeli and Sanfelice: 
Development of the 
Female Ookinete and 
THE Female Trypano- 
some. 

(After vSehaudinn.) 
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2. Male Ookinete . — Smaller than the indifferent or female forms, with 
cytoplasm almost hyaline, and much clearer than that of the indifferent form, 
with granular rnaterial completely lacking, nucleus large, and rich in chromatin. 

3. Female Ookinete . — Cytoplasm fairly dense, with plenty of granules, with 
a nucleus smaller than in the indifferent form. 

The Indifferent Ookinete . — The indifferent ookinete starts its development 
by expelling for a second time a quantity of haemozoin, while its kinetoniicleus 
unites with the trophonucleus, so that the nucleus now possesses eight com- 
pound chromosomes. 

The centrosome becomes dumb-bell shaped, and forms an axial spindle, 
around which the chromosomes are arranged. These now divide, and form a 
diaster by the different portions passing to either end of the spindle, which is 
heteropolar, the smaller half being kinetic in function. The nucleus now 
divides into a larger portion, the trophonucleus, and a smaller, the kineto- 
nucleus. The former cntcis on a resting stage, while the latter proceeds to 
the periphery, and forming another axial spindle at right angles to the length 



Fig. 184 . — Hcemoproteus noctuce Celli and Sanfelice, 

(After Schaudinn.) 

On the left a small trypanosome is seen entering a red corpuscle in the 
blood of the little owl, and in the corpuscle is seen the first endocellular 
stage. The second corpuscle shows a more advanced endocellular stage 
and the act of liberation into the liquor sanguinis. F'arther to the right is 
seen a medium-sized trypanosome. The tliird corpuscle shows the fully-grown 
lialteridial form, while on the extreme right a fully-grown trypanosome is 
depicted. 

of the parasite, divides into two portions by its centrosome forming the axia^ 
spindle and the chromosomes the two ends of a diaster. One of these daughter 
kinetonuclei lying in the ectoplasm is attached to the other, lying in the endo- 
plasm, by means of the axial spindle. The ectoplasmic kinetonucleus forms 
another spindle, with a longitudinal axis, which grows backwards along a 
fold of the ectoplasm, expanding it as it goes, to the hinder end of the body. 
In this way an undulating membrane is formed, which, therefore , contains 
eight chromosomes — the myonemes — -on each side of the folded ectoplasm, 
while the axial spindle, becoming exccntric, forms the flagellum. At the 
posterior end of the undulating membrane the flagellum joins with the 
chromosomes, and grows out of the body to form the free flagellum, along 
which the ectoplasm is drawn for a short distance. 

Of the two centrosomes of this spindle, the distal one disappears, while the 
proximal one forms the blepharoplast at the root of the flagellum. • 

The endoplasmic daughter kinetonucleus becomes the kinetonucleus of the 
rypanosome, and thus is formed the indifferent trypanosome, which now 
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multiplies by binary division. After some time it takes on a greganniform 
phase, and becomes attracted to an epithelial cell in the stomach of the 
mosquito by its flagellum, which is reduced to a short rod. While so attached 
it may multiply by binary division, and may also penetrate in between the 
cells of the stomach and encyst, losing its flagellum. • i 4:4- 

After a period of rest the trypanosome can become active again, but after 
a time it must eitluT (i) pass into the blood of the little owl; (2) become a 
male or female form; (3) die out. 

The Male Oli/iinete.- -The male ookinete forms a heteropolar diaster, but 
with a sulxlivision of the elenKuits into male and female instead of into kinetic 
and tro])hic. 

Th(^ largc'r or femak' portion disajipears, while the smalk'r or male portion 
forms ('ight double nuclei, with kinetic and trophic' elements, which are dis- 
tributed throLigliout the cytoplasm. 

TIu' oeikinede now becomes rounded, while the eight double nuclei travel 
to the j)eriph(‘ry, wliicli grows out into little elevations, each with a d(')uble 
nucleus. Each littk; elevation grows into a little male trypancjsome in the 
same manner as in the indiflerent form, and breaks off from the ' rc\st body ' 
{nucleus de rcliqual) of the parent cell, '.riiese male trypanosomes, according 
to Schaiidinn, sinqfly die off. 

T he ITmnle Odkinclc . — In this form the same changes take place as in the 
male ookjuete, but it is the small male nucleus which degenerates, after divid- 
ing into a number of forms, while the large female nucleus, which consists 
of tlie trophic and kinetic elements, remains, and forms a trypanosome in the 
sam(‘ rnaniUT as in the indifferent form. 

'fhe* fcmiale trypanosome is slow moving, and does not divide, but can 
becomci gregariniform, and lie cjuiesceiit between the epithelial ccdls for a 
time. It can also pass into the ovaries and eggs, and lie dormant during the 
winter. 

The female ookinete, however, undergoes parthenogenesis by losing its 
flagellar apparatus and dewedoping a troplionucleus witli a kinetonucleus in 
contact with it. The kincdoniicleus now divides, and undergoes reduction, 
while the troydionucleus also divides, one ])ortioii being lo.st. 'fho reduced 
kinetonucleus, whicli has dividend into two. now enters the trophor.iicleus from 
opposite sick's, and fusing, forms the .synkaryon of an ookinete, which may 
become' an indi fteront , a male, or a. female trypanosome. 

In the (faV. -d'he male, female, and indifferent trypanosomes may be 
injected into the owl during the j)rocess of luting by the mosquito, Init the 
majority an' of the iiidiffenuit type', d'he male trypanosomes, if they enter, 
elie otf. 'idle inelilk'ie'nt trypanosomes elivide in the blood until a small size 
is reached, when tliey enter the erythrocytes, aiiel become a, young haltcr- 
idium t)y the flagellar apparatus disa.p})eariug aiiel the kinetonucleus approae'di- 
ing the trophoniu'leus, 

in twenty-four hours this jiarasite, which now contains hcCmozoin, becomes 
active, and, re-forming its flagt'llar apparadiis, leaves the blood cell usually at 
night as a typical Trypanosoina uoctucr. After a short period of activity it 
enters anotlier eryilirocytc', a.nd grows till the next night, when it again 
iK'eomes frc'e. ddiis jirocess takes j)la.ce six times before the trypa.nosome 
attains its full size, when it undergoes repeated division until again small, 
thus conijik'ting the cycle of schizogony, ddie small extracellular forms may 
In^ looked upon as the merozriites, and tlic intracellular forms as trophozoites, 
and the large extraei'llular form as a schizoiit. d'he sexual forms are develojied 
troni the nu'rozoites -i.c., the very young indiflerent trypanosomes -which 
enter the rt'd cells, and iK'come iiiicrogametocytes and macrogametocytes, thus 
completing tlu* cycle of sporogony. 

Remarks.- -A ovy and many others are coii\'inced that Schaiulimi is entirely 
wrong, and that he was dealing with a double infection of a halteridium and a 
trypano.some, both ot whi('h ])rubably ck'velop in entirely different ways. We 
are also com’inec'd that these' parasites are Ihemosporidia. 
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HsBmoproteus columbSB Celli and Sanfelice, 1891. 

Hcsmoproteus columhcB is the haltcridiiim of Columha livia L. Its life- 
history is not exactly known at present, but has been studied by Ed. and Et. 
Sergent and by Aragao. According to the latter observer, it would seem to 
have the usual two life-cycles of schizogony and sporogony joined into one, 
taking place in Columha livia and in Lynchia maura or L. hrunca {lividi color) 
Oliv. 


/ 2 . 



Fig. 185. — The Life-Cycle of llcvmoproteus coliimhcp]Q.K'Li.i and 

Sanfelice. 


(According to the researches of Araguo. After Aragilo, from Archiv 
/. Proiisfen/iunde.) 

Starting with the macro- and micro-garnet ocytes, which arc of the same 
appearance as in H. noclucp, and which enter the gut of the Lynchia along 
with the blood sucked from the pigeon, the usual processes of reduction, with 
the formation of microgametes and macrogametes and ookinetes, and the 
clearance of waste matter from these latter, ixrc gone through. The further 
changes undergone by the ookinete are at present unknown. 

After the Lynchia bites a pigeon, a small binuclcar parasite is to be found in 
a leucocyte, first at the site of the bite and later in the lungs, where tli<; 
further development takes place. Idr.st the small parasite divides into a 
number of mononuclear forms, which, along with the leucocyte, grow 
enormously, and form large parasites, at first full of nuclei, and later of 
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mononucleated merozoites, the whole process taking some twenty-six or more 
days. The minute merozoites now enter the red corpuscles and grow 
typical Halteridia. It appears that there are no trypanosome stages, and, 
indeed, the only form of that nature met with was Trypanosoma avium Novy 
ahd McNeal. 

This is quite a different history from that of Schaudinn for H. noctucB, but 
it must be observed that it is incomplete, and, therefore, deductions cannot 
safely be drawn from it. 

Other Species. — A large number of species are described by Celliand Sanfelice, 
Novy and JVJcNeal, and others, wliich have been found in birds as well as in 
some reptiles. 








Fig. 1 86. — Hcemopvoieus columhce Celli and Sanfelice. 

(After Sambon.) 

Sambon has described, under the name of Hcemoproteus mansom (Fig. 176), 
a new species found in the red grouse {Lagopus scoficus), tlie gametocytes of 
which are not closely adherent to the nucleus of the erythrocyte, as is usually 
the case, and sporogony takes place in a parasitic fly of the grouse (Ornithomyia 
lagopodis), in the stomach of which ookinetes were found. 

Anschutz has described a schizogony of H. oryzivorcB taking place in the 
circulating blood of Padda oryzivora. 






REFERENCES. 

Telosporidia in General. 

Minciiin (1903). Lankester’s Treatise on Zoology, I., ii. 150-360. (1912). 

An Introduction to the Study of the Protozoa. London. 

Gregarinida. 

Castellani and Willey (1904). Spolia Zeylanica, II., vi. 78-92. (1905). 

Quarterly Journal of Microscopical Science. 

Christopiiees (1905). Scientific Mem. India, No. 18. 

Christophers (1907). Scientific Mem. India, No. 28. 

James (1905). Scientific Mem. India, No. 14. 

LUhe (1906). Mouse’s Tropenkrankheiten, iii. 

Robertson (190b). Proceedings of the Royal Physiological Society of Edin- 
burgh, xvi. 232-247. 

Sambon and Seligmann (1907). Transactions of the Pathological Society of 
London, LVIIl., iii. 310. 



REFERENCES 


5^7 


Coccidiidea. 

Dobell (1919). Parasitology. 


Toxoplasmidae. 

Castellani (1914). Journal of Tropical Medicine and Hygiene, April 15. 
Nicolle and Manceaux (1908). Comp. Rendus Acad. Science.^, cxlvii. 
Nicolle and Manceaux (1909). Ibid., cxlviii. 

Splendoke (1908). Rivisla du Soc. Scient. de Sa.o Paulo, pp. 109-112. 


PiroplasmidsB. 

Aragao and Neiva (1909). Memorias do Institute Oswaldo Cruz. 

BiCiNAMi E Bastianelli (1893-94). Bollet. R.' Acad. Med., xx. 

Grassi (1901) Die Malaria. Jena. 

Laveran (1899). Les H^'matozaires Kndoglobulaires. Paris. 

Manson (1896). Lancet, i. 695, 751, 831. 

Ross (1896). British Medical Journal, February; (1897), ^P- 251, 

ii. 1786; (1898), op. cit., i. 21; Lancet, ii. 488; (1899), Nature, lx. 322; 
(1900), Nature, Ixi. 522; (1901), Thompson- Yates Reports, iii. 2. 
Schaudinn (1904). Arbeit, a. d. Kaiser. Gesundheitsamte, xix. 2 169. 


PlasmodidsB. 

The most complete account of this order is Franga (1917), ‘ Sur laClassifica' 
tion des h^mosporidies.’ Lisbon. 

Christophers (1907). Scientific Memoirs of India, 29. {B. cams.) 

Gonder (1906). Arb. a. d. Kais. Gesundheitsamte, xxiv. 220-226. (Achro- 
maticus.) (1910). Journal of Comparative Pathology, xxiii. 328. 
{Theilena parua.) 

Koch (1906). Zeitschrift f. Hygiene u. Inf., i. 

Nuttall (1904-08). Journal of Hygiene and Journal of Parasitology. 
(Various papers on 1 \ canis, P. hovis.) 

Strong, Tyzzer, Brues, Sellards, and Gastiaruri' (1915). First Expedi- 
tion Harvard School to South America. Cambridge, U.S.A. 

Theiler (1904) . Journal of the Royal Army Medical Corps. London. 
Wilson and Cuowning (1904). Journal of Infectious Diseases, pp. 31-57. 

Hsemoproteidse. 

Beaurepaire-Aragao (1908). Arch. f. Protistenkunde, vol. xii., p. 154. 
(Homoproteus columbcB.) 

Schaudinn (1904). Arbeitenaus dem Kai.serlichen Gesundheitsamte, vol. xx., 

p. 389. 



CHAPTER XXII 


NEOSPORIDIA 


Neo.sporidia — Myxc)Si:)oriclia~- Aciinomyxidia— Sarcosporidia — ITaplosporidia 
— l^rotozoa. inccrla' scdis — Chlamydozoa^ — Idltcrable viruses — References. 


NEOSPORIDIA Schaudinn, 1900. 

Definition. — Parasitic plasmodroniata, without motile organs, in 
wiiich spon-ioi-mation and trophic growtii proceed simultancoiisl};. 

Remarks.- -I'Ik! Ni'osporidia are i)rotozoa, in which reproduction 
and growth go on togtdlier. In the T('losporidia the trophozoite 
grows into the scliizont, which divides into spor(‘S; in theNcosporidia 
growth and s])ore-f()rmation go on together; but, as in the case of all 
att(?mpts at classification, tliere are exi eptions, for the trophozoite 
may grow* into tlie scliizont, and then divide. 

It appears as though the Neosporidia were evolved from a sarco- 
dinal anci^stor. 

Ihcy are divided into four orders: (i) Myxosporidia, (2) Actino- 
myxidia, (3) Sarcosporidia, (4) Haplosporidia; and, in addition, 
there an' a number of panisiti'S belonging evidently to the protozoa, 
Wliich cannot ('asil}^ b(^ classihed, and are therefore placed in an 
addendum to the Neosporidia asProtozoa inceriev sedis. 

ORDER I. MYXOSPORIDIA Biitschli, 1881. 

Neosporidia witfj s])ore-formatioii commencing early in the amadroid tropho- 
zoite. Jeach spore has one or more polar capsules. 

The Myxosporidia arc subdivided into: — 

Suborder I. Phaenocystes Gurley, 1S93, Synonym. — Myxosporidia [sensu 
stricio) . Spores with two to Jour large, clearly visible polar capsules. 

Suborder II. Cryptocystes Gurley, 1893. Synonym, — Microsporidia (Bal- 
biani). Spores with one minute polar capsule, which is only rendered visible 
by treatment with reagents. 

SUBORDER I. PHffiNOCYSTES Gurley, 1893. 

Pha'nocystes comprise the true Myxosporidia, being usually found in 
Teleostean tish, thougli they may occur in elasmobranchs, amphibia, and 
reptiles. 

In fish they have long been known as psorosperms, being found in the bile- 
passages, the urinary organs, the muscles, and the nervous system. 

Ihc ammboid tr()]:)hozoite has a dillerentiation of its cytoplasm into endo- 
and eclo-plasm, and moves about by pseudopodia. Spore-formation begins 
early by a concentration of the cytoplasm around one of the nuclei of the 
trophozoite. Tliis concentrated area is marked off by a capsule, and is the 
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pansporoblast. The nucleus of the pansporoblast divides repeatedly, after 
which the cytoplasm splits into two masses — the sporoblasts — each of which 
is covered by a cuticle and contains three nuclei. 

The cytoplasm of the sporoblast now divides into three areas around the 
nuclei. One of these areas is large, and is called the sporoplasm, wliile the 
other two tire small, and form the polar capsules. Each spore, therefoii', 
contains two polar capsules and one mass of sjioroplasm, which represents ;i. 
single sporozoite. Each polar capsule develops a s])i rally coiled tliread. A 
spore escapes when the parent trophozoite ditcs, and then iinds its way out o1 
its host by the bile or urine, or through the tissues into the alimentary canal. 
For further development it must be swallowed by another host, in whose ai.- 
mentary canal the threads of the polar capsules are extruded, fixing the little 
spore, which bursts and allows the amodjoid sporozoite to escape and go on 
its travels in search of a suitable tissue. Perhaps en route it conjugatics with 
another sporozoite; if so, this is not known. While sporogony is preparing, 
schizogony may take place by plasmotomy, which is the division of the multi - 
nuclear trophozoite into two or more forms. 

It will thus be seen that growth, plasmotomy (schizogony), and spore- 
formation (sporogony) go on simultaneously. 

Classification. — Disporca Dotlein, 1899. — Idiaenocystes with two spores. 

Family. — CcraiomyxidcD Dollein, lyoi. 

Genera. — Cevatomyxia^ Leptothcca , — Para.sitic in fish and frogs. 

Polysporea Doflein, 1899. — Idicenocystes with more than two spores. 

Family i. — MyxidiidcB Auerbach, 1910. 

Genera. — Sp hcevospova , M yx idium . 

Family 2. — Chleroniyxidci; Thelohan. 


SUBORDER II. CRYPTOCYSTES. 

This order is divided by Doflein and Perez into: — 

Tribe i. Monosporogenea Perez. — Trophozoite becomes a single pansporo- 
blast (sporont), which produce.^-' a single spore. 

Tribe 2. Oligosporogcueci Dofhun, 1890. — Irophozoitc becomes a single 
pansporoblast (sporont), which produces lour to eight spores. 

Tribe 3. Folyspovogenca Doflein, 1899. — Trophozoite becomes numerous 
pansporoblasts (sporont), which produce many spores. 


Tribe i. Monosporogenea. 

This tribe includes Nosema bombycis Nageli, 1857, which is the cause of 
pebrine, the silkworm disease. N. apis Zander, 1909. was shown to be the 
cause of microsporidiosis in bees in England by beintham and Porter. 


Tribe 2. Oligosporogenea Doflein, 1899. 

This includes the genera Gurleya Doflein, Thclohanici licnneguy, and Pleisto- 
phora Gurley. 

Tribe 3. Polysporogenea Doflein, 1899. 

This includes the genera of Glugca Thelohan, and Myxocysies Mrazek, of 
which Glugea anomala Moniez is a jiarasite of the stickleback. 

Micros poridiurn polyedricuui Dolle, a doubtful species, is said by Perroncito 
to occur in man. 


ORDER IL ACTINOMYXIDIA Stole, 1899. 

These are parasites in the Tubificidae of the oligocluete worms, and need not 
concern us. 
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ORDER III. SARCOSPORIDIA Biitschli, 1882. 

Definition. — Ncosporidia in which the young trophozoite is, with 
rare exceptions, found in the muscle-fibre of warm-blooded animals. 
Spore-formation commences early, and proceeds during the whole 
groWtii of the trophozoite, which may attain a very large size, when 
it is covered by two coats, the inner of which is prolonged internally 
through tlic parasite, dividing it into a series of chambers. 

Remarks. — The Sarcosporidia, discovered by Miescher in 1843, 
are very common parasites, and in the form of Sarcocyslis tcnella 
imay be seen by the practitioner in the tropics in meat sent as food 
to gaols and hospitals. 

Two families ai’e known: {1) Sarcocystidet, (2) Rhinos poridiidec. 

1. Sarcocystidae Poche, 1913. 

Definition. - Sarcosporidia found in muscle libres, and divided 
into clumibers by se])la. 

Sarcocystis Lankester, 1882. 

Synonym. — Gasirocysiis Chatton, igio. 

Definition. -Sarcocyslicke with outer radially striated and inner 

jiomogeneous coat and poles of undifferentiated protoplasm. 

Type Species. — Sarcocystis mi cscheriana Kiihn, i8()5. 

Though a common parasite, its life-history is by no means well 
known. The youngest form is the trophozoite described by 
Bertram, which lies in a muscle-fibre, and consists of cytoplasm 
united by a cuticle, and containing several mononuclear pansporo- 
blasts. The next stage is more advanced, for in this the trojih izoite 
has grown considerably, and now consists of two coats — an outer, 
radially striated, and an inner, homogeneous, which is prolonged 
externally into hlanuuits and internally into a series o[ si'pta, 
marking out chambers, each of which contains one pansporolda.st. 
internal to this coat is a layer ol cytoplasm forming the endoplasm 
of thej)aTasite. 



i'io. 187.^ — S<n'cocv.slis tauUce hiihali: Young Form. 

The poll's of the parasite consist of undiherentiated endoplasm, 
and form the areas of growth of the young tropliozoite. The pan- 
sporoblast breaks up into a large number of spores. 

The third stage is reached when the parasite has grown so much 
that it has stretched the muscle-fibre, in wliich it is lying, into a thin 
slieath co\Y'ring it, and therefore now" appears to lie betw"een the 
muscle-libres. Tlu^ endoplasmic layer extends all round tlu' interior 
of the parasite, so that the pansporoblasts arc formed from the wliole 
periphery, and therefore the youngest forms are in this position, 
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while, farther in, chambers with the fully-developed pansporoblasts 
are found, and, still farther in, is the centre of the parasite, filled 
by a granular substance formed from broken-dow'n and dead spores 
which have been too long in existence. 

As to the spores, a curious point to be noted is that some observers 
only describe gym no spores, while others only describe chlamy do- 
spores. Minchin suggests that this is because parasites in different 
stages of their life-history have been examined, and he looks upon 
the gymnospores as merozoites and the chlamydospores n.s spores, 
and these views arc strongly supported by Korte’s description of a 
form in Macacus rhesus. 

The merozoites are crcsccnt-shapcd, naked spores, from i to 21 // 
in length, according to the siiecics, consisting of a finely granular 

protoplasm with a nucleus, 
some granules, and one or 
two vacuoles. Tliey arc 


Fig. 188. — Sarcocysiis iencllcc huhali Fig. 189. — Sarcocystis Spores 
IN Meat. round in the Blood ok 7 ?os 

ais BY Castellani and Sturgess. 




thought to be the means by which the parasite spreads itself in 
its host, especially as they are motile by gliding, corkscrew, or 
amoeboid movements. 

The spores are from 3 to 1.4 long in Sarcocystis tenella, with one 
extremity rounded and the other pointed. They are curved, and 
surrounded by a thin membrane. The pointed third of the spore is 
spirally striated, due to fine folds in the outer capsule, while the 
blunt third contains a nucleus. It is obvious that this resembles 
the spore of a myxosporidian, and, in fact. Van Eecke says that 
one, two, or even three filaments issue from a spore. The spores can 
b(i seen in the peripheral blood at times. 

It is thought that these spores spread the infection to another 
host, but in what manner is not clear. Perrin has recently sug- 
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gested that the parasite may be transmitted by the larvae and 
imagines of the blow-fly (Calliphora) or the flesh-fly (Sarcophaga). 

It is true that vSmitli lias infected (after a long incubation) mice 
by feeding them on the flesli of infected mice, but that, of course, 
might simply lie by the merozoites, and would in any case not 
explain how Ju^rbivoTous animals are infected. Our feeding experi- 
ments with a dog were not successful. 

lhalmann says that the spore germinates in the intestine of the 
host, and liberating tlie toxin — sarcocystin — which may come from 
tlui polar ca])siile, causes the epithelium to be shed, while the little 
anuelia coming out irom the spore is able to penetrate the denuded 
art'a and to gid. into the lymph spaces of the intestine, where it lives 
about a month and then passes on to the muscles. 

( j'awley considers that the spore bores its Way into the intestinal 
C('lls where it appears to undergo some form of schizogony. At all 
e\'(‘uts, it dise j)pears in twenty-tour hours, but later he thought that 
h(^ had noted Sexual diiteremtiation in these spores in the cells, 
and th(^ formation of a zygote. 

Pathogenicity. — SarcocysUs icfiellcr Inibali is very common in the 
bulfa.lo-nu\at in Ceylon, and IrequcTitly causes inquiries to be made. 
It apiiears as white', particles, called by the native butchers ‘ milk 
nciiA'es, lying among the muscular fibres of tongue, larynx, 
dia,])hragm, and skeletal muscles. This ingestion of infected meat 
ha..s ap])a.rentiy no deleterious effect on man, but the spores may be 
the causi' of irregular lever. 


Clussitication. — A Ji Limber ol spec ies are recognized : — 

1. oi' vsi IS VI }i({ i8{)5, found in the pig. 

2. S. hcrlunui hollejii, in the horse. 

.b iiVi'lla’ ieiilliet, 3 .SS(), in live sheep. S. icnellcD biibali, in the Ceylon 
biiJIalo. \ Liiilv'inin Jui,s described a cLise of tliis infection in man. 

.p A. blavcluu'di .l)ollein, Kjoi, in cattle. 

3. S. inuli'viainiL Kjvolla, iiSyiS. — d his species has been found in man. 
J liey ^veu' lust tlescnl)ed iiKlelinitely by Lindemann in 1868, in file myo- 
c.mliiim and on valves ol the liearl of a jXTson who had died of dropsy. 
J Jiey wc iv said to W. 3 millimetres in length and 1-5 millimetres in breadth, 
bill it IS \ ei y doubt lul wliat tlu'se really were. 

Kosiailn ri;, in 0,02, ie]x>rts a most doubtful case of a cy.st in a papillary 
musele in a person who dietl from pleuritis and endocarditis. Kartulis 
Uesc ribc c t liein 111 llu* muscular system and liver (most doubtful) of a person 
who (bed irom iiuiliqvle abscesses in the liver and muscles. The man was a 
budaiu'siv Kocli, in 18S7, dvsscribed an undoubted case in ligypt. 

)aiaban and St Jxeiu}', in i8y.p described them in the laryngeal muscles 
o a man who had l>een c'xeculed. This de.scription is not to be doubted, 
ilie jnuasite IS described as Iveing i-o millimetres long, and about otv milli- 
metre in widtli. \ uillciuin in Xaiicv and Darling (1909) in Barbados have 
rei orded cases. o \ ^ y/ 

(). .S\ /nvr/i Jllanchard, 1883, in the seal. 

7. S. koiUi Castellani and t-halniers, 1909. — This parasite, found by Korte 
111 the tliigli inuscles oJ Macacus rhesus, is peculiar in that the inner coat was 
not conlimied into tlu* cytojvlasm of the trophozoite, and the endoplasm 
contained only gymnospores (merozoites), and no pansporoblasts or alveolar 
netwoik. Ihe spores contained nothing but a nucleus, no cell membrane 
or othm- striuTuic bt'ing visible. There were no signs of any reaction on the 
part of the tissues. 
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8. S. aramidis Splendore, 1907. — Parasite in Aramidis saracura, a Brazilian 
bird . 

9. 5 . ammodromi Splendore, 1907. — Miescheria ammodvovni Splendore, too;. 
Mesnil says it is not generic, and perhaps not specihe. It is found iu a 
Brazilian bird, Ammodromus manimhe. 

10. S. lepOYum Crawley, 1914, in American rabbits. 

11. 5 . setophaga Crawley, 1914, in American redstarts. 

12. S. muvis Blanchard, in rats. 

2. Rhinosporidiidae Pochc, 1913. 

Definition. — Sarcosporidia found in connt'ctivi^ tissue and not 
divided into chambers by septa. 

Rhinosporidium Minchiu and Fantliam, 1905. 

Definition. — Rhinosporidiidte with well-dchned sporoblast. 

Type Species. — Rhinosporidium sceheri (Wernicke, 1900). 

Rhinosporidium seeberi Wernicke, X90(). 

Synonym. — Rhinosporidium kinealyi Minchin and Fantliam, 1905. 

Rhinosporidium was discovered in 1896 by Dr. Guillermo S(;eb(;r 
in Buenos Ayres in a nasal polypi in a young man of nineteen y(\ars 
of age. In 1900 he published a description of the ]xirasitc, and in 
the same year Wernicke gave it tlie name of Coccidium sceberi, 

Kinealy, in 1903, reported to the 
Laryngological Society a peculiar 
case of polypus growing from the 
septum of the nose of an Indian in 
Calcutta as a fiedunculatcd vascular 
growtli resembling a raspberry in 
appearance by having whitish spots 
on the general red surface. On 
section, this tumour was found to 
have peculiar bodies embedded in it. 

It was then carefully examined 
and described by Minchin andFan- 
tham, who came to the conclusion 
that it was a haplosporidian, and 
named it Rhinosporidium kinealyi. 

In 1905 Nair of Madras came 
across a similar polypus in several pco])le wlio all came from the 
small native State of ('ochin on the west coast of India. Tliese 
polypi have been carefully described by Beattie in 1906. Castellani 
and Chalmers have found it in polypi in Ceylon. 

Morphology. — -On cutting into the polypus it is noticed that there 
are minute dots visible to the naked eye, and capable of being dis- 
sected out. These dots are cysts. 

When examined with the microscope, it is seen that the growth 
is covered by stratified pavement epithelium, which shows signs of 
proliferation and invasion by polymorphonuclear leucocytes. Under 
this epithelium there is a stroma formed of delicate fibrous tissue. 



Fig . 190 . — R h i n os pori d i um 
seeberi Wernicke. 

(From a na.sal polypirs in a case 
in Ceylon; schematic, and highly 
magnified.) 
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myxomatous in places, and cellular at other spots. Tlie cysts were 
found to be oval, round, tubular, branched or irregular bodies, lying 
below the epithelium principally, but also found in hiemoiihages 
and in cell collections. The Mvall of the cyst is gencrahy thin, and 
lias oithcir an opcninnz or a conical elevation at one point. It con- 
sists of two layers-’a thinner external and thicker jiiternal coat. 
The snifiller cysts, from lO to 30 fx in diameter, contained undiftcr- 
entiated ])roto])lasm with a vesicular nucleus containing a nucleolus. 
'i1ie larf^er cysts had one or more definite cliromatic masses. A 
fully-develoiied cyst is lined with protoplasm, in which young pan- 
s])oroblasts are forming, while the centre of the parasite is full of 
old pansporoblasts, separated from one another by an indefinite 
framework continuous with the ca])sule. A young pansporoblast 
is seen to be a small oval or rounded mass of c 5 do])lasm with a 
single nucleus. TJiis body grows, and becomes surrounded by a 
membrane, while its nucleus divides by amitosis into four to sixteen 
spores, eacli of which has a vc^ry thin wall and a central nucleus. 
'J'Ik^ pansporoblasts and spores are std free by rupture of the cyst, 
and may be surrounded by polymorphonuclear leucocytes, thus 
forming minute abscesses, or may be engulfed by mononuclear 
leucocytes, or may grow into j^arasites, or escape from tlie host in 
tlie na.sal st'ciadion. The method of infection is not known. 

Th(' framework inside the cyst separating tlie ])aiisporo])lasts 
indica,t()S that Rhinosporidinm belongs to the Sarcosporidia, and not 
to the Haplos])nri(lia. 

Pathogenicity. Tlie patliology appears to be a proliferation of 
the submucosa and mucosa of the nose, brought about by the 
irritation of the parasite (s('(‘ j). I57^)- 

ORDER IV. HAPLOSPORIDIA Caullery and Mesnil, 

Symnym,- -IJapJospovidi idea 1913. 

Ncosporidia with vorv simple lile-history and undifferentiated cell-plasma, 
willioiil sept mu and with s])()res of simple structure, with one nucleus, and 
no ])olar capsules. 

U'he lla,plos})oridia are characterized by the simplicity of their life-cycle, 
which lx‘’.;ius with a mononuclear or binuclcar trophozoite, which may encyst, 
and in any case grows larger and larger, while its nucleus divides into several 
nuclei, so tliat a multinucleated mass or scliizont is formed. This escapes from 
its cyst and divides n}:> into merozoites, either directly or after plasmotomy, 
each of which becomes a trojdiozoite, thus completing schizogony. Sporogony 
is unknown. 

They are parasitics of fislies and invertebrates. 

ClassiHcation. — Family i. HAPi.o.sroRiDiAi Caullery and Mesnil.- -Spores 
with double t'n\’-olo]:)e and opening. 

Genus 1. 7/up/es/?onr//7/»7.-— S])ores closed by a valve. In annelids. 

Genus 2, i-rosporidium . — Spores open. In annelids. 

h'.\M]LY 2. Bertramiidzl. — Spore envelope without opening. 

Genus 1 . Hcrtranua. — Stomach of fish. 

Genus 2. 1 chthyosporidiuui. In tumours of fish (Figs. 191-196). 

Family CaiLosPORiinii^A-.- Spores mule. 

Genus 1. Polagayynum. 

Genus 2, lUastulidmm. 
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Protozoa Incertae Sedis. 

Cytoryctes variolae Guarnieri, 1892. 

Synonym. — Stromhodes jcuneri Sjobriing, 1902. 

In 1892 Guarnieri described peculiar parasitic bodies in lesions of smallpox, 
and in those produced by vaccination of the cornea of rabbits, etc. Pfeifh'r, 
in 1893, confirmed these findings, as did Jackson Clarke in 1894. and 
Wasielewski in 1897. Councilman, Magrath, and Calkins, in 1903. publislual 
flic full account of the life-liistory of the parasite, and their findings hav(^ 
been confirmed --in part, at least — b}" De Kortein 1905. 

In its youngest form Cvtorycies variolcd is seen in the cells of the skin as a 
minute spherical homogeneous body, 0 7 in size. No differentiation into 
nucleus and cytoplasm is possible, as the organism appears to be all nucleus. 
The parasite gro.rs to 3 fi, and then shows a vacuolization in the centr(\ 
with sometimes a central dot. The periphery next sliows minute unstained 
dots, which, when they become larger, take on the green of a Borrel’s stain. 
The red staining material is call(‘d by Calkins protogonoj^lasm. 

The organism can now change its shape and throw out pscudopodia, and 
lives in a vacuole near the nucleus; there is no ectoplasm or endoplasm, no 
vacuoles, but only chromatin granules of protogonoplasm. Volpino has 
described minute motile granules in the epithelial cells, which he considers 
to be the true parasites. 

Auto-Infection. — In a large parasite (10 to 14 /^) the ]U'otogouoj)lasm is dis- 
tributed tlirough the body in minute spherical granules lying in a minutt; 
vesicle, forming granules from 0-7 to i // in diameter, whicli are liberated by 
disintegration of the framework of the host cell, while the rest of the cyto- 
plasm form a micleus dc rcliquat. 

Sexual Development. — The homogeneous granules or gemmulcs may start 
the cycle of cytoplasmic oiganisms again, or may become germ-cells in the 
nucleus. The gcmmules reacli the nucleus, but they now stain uniformly 
and become minute, clearly-defined, homogeneous bodies-— female gameto- 
cytes. Sometimes they fail to reach the nucleus and remain in the cytoplasm, 
in which they can only partially develop. Within the nucleus Calkins thinks 
they form male and female gametocytes, homogeneous granules, or the 
gcmmules become spherical, with central red masses, and later red masses 
at the periphery — the male gametes. No conjugation has been observed. 

The zygote is an amceboicl body lying in the nucleus, and staining deeply, 
This zygote becomes a pansporoblast and the mother-cell of the sporoblasts. 
The spore is very minute, and contains a vacuole; it migrates, and may travel 
into the nucleus and form secondary sporoblasts. 

Cytoryctes (Doubtful Species). 

This organism can be found as conoid bodies in the smears taken from the 
heart muscle of animais suffering from foot and mouth disease. 

Neuroryctes hydrophobise Calkins, 1907. 

Neurovyctes hydrophobia, better ku' wn as the Negri bodies, because they 
were discovered by Negri in 1903 as round or oval bodies, i to 23 /x in length, 
ill the nerve-cell of the brain, especially the Cornu awi)nonis, of anirna s 
suffering from hydrophobia, arc now generally accepted as the cause of tlui 
disease. Hydrophobia is so common in India and Ceylon that a knowledge 
of its parasite is necessary to the practitioner in that part of the tropics. 

Some authorities consider these bodies to be cell-structures, but in our 
opinion there cannot be any doubt that they arc parasites, especially a er 
the further investigation of Negri, amply confirmed by Williams, bowacn, 
and Calkins, who named it N cAiroryctes hydrophobia Calkins, i9^7- 
believes them to be Chlamydozoa. When stained ’ ‘ 

takes on a bluish tinge like the malarial organis 




Pk;. 1 91. — A Series of Small Ichtiiycsforidia Nest ^ of Connective 

ENCLOSED IN CONNECTIVE TISSUE. i ISSUE. 




IT G . 19^. ■ BrE AKING- 

UP OF AN ICIITIIYO- 
SPORIDIUM INTO RE- 
PRODUCTIVE Bodies. 


ITG. 193. HsCAPIC of THE IciITIlYOSPORlDlUM 

FROM ITS Cyst. 



ITg. 195. — Large IciiTHYOSPORiDiiE. one 
of which (on THE KiGHT) IS UNDER- 
GOING Plasmotomy. 


ITg. 196. — Young Forms 

DEVELOPED FROM THE 

Breaking -UP of a 
Large Parasite. 


(From drawings by Miss Robertson.) 
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body like a nucleus, composed of a periphery of chromatin, and containing 
a central chromatic particle staining red. Negri, Williams, and Lowden give 
drawings indicating the rapid division and growth of the organism, wliich 
iipparently as it grows divides, until finally large forms result whose chromatin 
breaks up into minute masses. 

They consider that the parasite reaches the nervous system by spreading 
along the nerves, which it does more quickly than travelling by tlie blood. 

Cyclasterella scarlatinalis Mallory (Doubtful Species). 

In 1904 Mallory described round and elongated bodies, sharply stained 
with methylene blue, 2 to 7 /x in size, lying in the epithelium of the epidermis, 
together with radiate bodies, composi d of a central spherical body with ten 
to eighteen segments radiating away ^rom it, in epithelial cells and lymph- 
spaces of the epidermis of people suffering from scarlet fever. 

This discovei^. has since been confirmed by Field and Duval, both during 
life and in post-mortems. 

Further research is needed before the nature of these bodies can be definitely 
settled. 



Cast ELL AN I and Willey. 

Coccidioides immitis Rixford and Gilchrist, 1897 (A Fungus), 

Synonyms. — C. pyogenes Kixford and Gilchrist, 1897; Coccidiuni posadcs 
Caxton (?), 1898. 

These parasites were first seen by Wernicke and Possadas in Buenos Ayres, 
and later in the United States by Kixford and Gilchrist, Montgomery, Moffit, 
and Ophids, where they cause an infection producing nodules in the skin, 
liver, kidney, genitalia, and lymphatic glands. 

This so-called protozooii is a fungi.s (see p, 985). 

The Bodies of Ureteritis Cystica (Doubtful). 

In this disease the kidney is hydronephritic and the ureter and bladder 
are cystic. 

The cysts contain large and small oval and irregular cells with bright 
globules, variously interpreted as Coccidia, Myxosporidia, and cell inclusions. 

Sergentella hominis Brumpt, 1910. 

Ft. and Ed. Sergent in 1903 reported a vermiform body, fi long by i to 
1*5 [ji broad, pointed at each end, with a nucleus in the middle, in the blood 
of a person suffering from night-sweats and nausea. 



538 


NEOSPORIDTA 


Bodies found by Sambon in Pseudochinis peregrinus. 

Sambon lias found liodios in a lemur wliic.h may iiave some relaliousliip 
lo the spores of Sarcocystis, Iml this is doubtful. 

Bodies described in Man by Castellani and Willey, 

'rho.se bodies were found a.nd (h'seribed in 1905 in two patients suffering 
from irregul.u- ievi'r. 'I'liev generally have a crescentic sliape, 10 to 30 [i in 
length, and 1-5 lo .] // in breadtli. They often present vacuoles, and a niudeus 
ma,y Ix' scxui in sonu' sjx'ciniens, but not in eJl. riie whole body stains bluish, 
while her(‘ .'i,nd tlusc^ grannh^s of chromatin can lie seen. 'Pliey cannot be 
companxl with malaria,] cn^scents, as tliey never contain pigment. These 
bodies may be sjion^s of Sarcocystis. 


Protozoal Bodies found in Dysentery. 

In loi.i Castellani dt'scribc'd a. peculiar protozoal organism {Enio plasma 
(■asirUanit Itwr, iQi.j) which he iound in three cases of dysenteric colitis, in 
which amceh'a' and dysenteric bacilli were absent. One of the cases had been 


infected in ]hum:i, and the otlu'r t 



CO {irobablyin Ceylon. 

In fre.sh preparations thci organisms 
a.ppeared a,s large poar-shapod or flask- 
shaped bodies, 60-80 microns in diam- 
eter, actividy motile, and showing only 
slight cha.nges of shape while moving, 
and no pseudopodia. 

'Flu* anterior portion at its upjier part 
was shaken by very raj)id vibradile 
movauiKuits, as though produced by a 
llagellum. k'lo such organella could be 
seen in fresh or stained preparations 
by Castellani or any other observer. 
'Jin'! cyto})lasm was very vacuolated. 
Ill stained ])re])a.rations a group of 
granular bodies could Ix' seiui, and were 
thought b^^Mesnil tobca dijiusc' nucleus. 

Chlamydozoa Pro\va>ak, 1907. 


- r:„ioN.s„u, CasUliuni, DeHnition.— The Clhaniydozoa 

]()i4. arc a. coikiclivc group of minute 

panisites, which either live extra- 
(U'lliilarly, wlu'ii tluy ar(‘ callable of passing through tlie usual 
jiltm's, or intracellularlv, wlu'ii tiny excite^ a reaction upion the 
]tart of tlic enclosing cell wliich produces a substance Mdiicli encloses 
them as it were with a mantle, thus forming a cell inclusion. 

Remarks.- -This coll(‘ctiv(‘ group was formed by Prowa/x'k to 
embrace a iminber of minute parasitic forms wliich become c.n- 
clos('d in a c(‘llular product as with a mantle. The geihh'al 
ti'iidi'iicy is to range these forms among the Protozoa, dlte minute 
grannies an^ tln^ parasites, and tlu^ surrounding substance is either 
])laslin or cliromatin from the nucleus, or a tatty substance. The 
name ('hlamydozoa is derived from the Greek (dor, an animal, and 
yAuprs', a mantle. At the ])resenl time doubt is expressed as to 
causal action ol the Cdilamydozoa as well asto tlu'.ir parasitic nature. 

History. — In 1907 Prowazek and Halbcrstaedter, on examining 
trachoma smears stained by Giemsa’s method, found dark blue 
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granular inclusions in the protopla.sm of the epithelial ci^lls. Tlu'Se 
granules were a.t first round or oval, and increased in siz(;, at the sauu^ 
time becoming less dark, while minute red dots app(‘ar(xl wliich 
increased rapidly in numbers, while the blue masses gradually dis- 
appeared. The granules formed cell inclusions, and the blue m assess 
were considered to be a reaction product on the part of tlie cell, aial 
were thouglit to be composed of plastin, while tlui minut(‘ red dots 
were considered to be the virus. The n'ason wliy they considered 
the blue granules to be distinct from tlie nnl points was because; 
the blue gradually disap])eared, \-/hiie tlu' red ])()ints, or elonenfary 
ladies, could be seen extracelluiarly situated. They inoculated 
anthropoid apes successfully with trachoma, and found the same; 
bodies in this infection. These; resesarches were confirme^el by Greet 
in the same year, and were ext(;nded in i()()S by Stargardt and 
Schmeichler in igop, who desscribed a conjunctivitis neeenatorum 
non-gonorrhoica with tyjoical Chhimydozoa,. In 1909 Heymann 
found the same; l)odie‘S in four case;s of gonorrhex.'al conjunctivitis in 
newly-born infants. This discovery was of the; gre;atest importance;, 
because since the days of Kroner it ha.d been known that the con- 
junctivitis ot the n(;w-born was not always due' to tie; gonococcus. 
Linder, in 1909, and Wolfrum, in igro, shoWc'd that there; we;re two 
fonns of bleainorrheea- -viz., a conjunctivitis ne'onatorum caused 
by the gonococcus, and a se;ce)nd causeel by Chlamyelozoa,, this latter 
elisease; l)e‘ing tenned by Linder ‘ inclusion-bleamorrheea. ’ in contra- 
distinctiem to goneeblennorrheca,. Lin<;ler maintains that the; saane 
virus produceei trachoma., iuclusion-bleiine.uTheea, and that this 
virus can l>e fe)und in the' male and female ge'nital i)assa.ges, anel he 
bases his eepink)!! on the' facts that iu' has bee;n able; to produce 
trachoma in moiike'ys inoculated from a case^ ol non-gonorrheDea.l 
urc;thritis in a man, frean two such case;s in women, and from several 
cases of inclusion-blennorrheea in infants. Further investigations 
have; shown that inclusie>n-ble;nne)rrheea is histologically similar to 
trachoma. 

Later, Leber and Prowazek in 1911 found a similar organism, 
Lyozoon atro f^hicans in epitheliosis de;se|uamativa, and in the same 
year lHih'nhuth found inclusions in swine pest, and Botteri in spring 
catarrh. 

In the meanwliile Halberstaeelter anei Prowazek had in tlxeir first 
paper groupeel with the;se ce;ll inclusions the feirms described in 
smallpox, hydrophobia, inolluscum contagiosum, (‘pithelioma con- 
tagiosum, and Lipschiitz groupeel the causes of derme)tropismus, e>r 
human dermatoses, unde;!' the subhe;ad Strongyloplasmata. Finally 
the; whole subject Was gathered together and revie;Wed by ProWaze;k 
in 1911 in his ' Hanelbuch der Patheigenen Protozoeii.’ vSomeewhat 
similar bodies have been se;cn by Castcllani in sprue in cells from the 
oral mucosa, althougli most of these inclusions are non-granular, and 
he doubts their parasitic nature. He has observed somewhat similai' 
bodies in conjunctivitis and in urethritis of a non-gonorrhceal nature. 

Morphology. — On cxaminiirg the cells from a case of urethral 
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discharge of non-gonorrhoeal origin, or the cells from the discharge 
in certain forms of conjunctivitis, they can be seen to contain 
peculiar masses of granules which are grouped into oval or roundish 
bodies, jm^asiuing 2 to 6 jj, in transverse or maximum diameter. 
Th(^ individual gnmuh'S m(‘.asure 0*5 to i /lc in diameter, and stain a 
puridish-n.d colour with (iiemsa or L(‘ishmnn’s preparations. These 
granu](‘S appear to be cmlx'dded in a palci bluish matrix. 

Life-History.' -Til smallest form or elementary body is merely a 
minute spc'ck of chromatin, apparently without any cytoplasm, 
which lives extracelliilarly, l)ut may enter a cell. This entry into 
t]i(‘ cell is not a process of ])hagocyt<}sis, as may be shown by the 
.absence! of the usual vacuole, and by the fact that they do not show 
th(' usuid yellow coloration when stained by neutral red. Inside; 
the; ce'll the; I'leaneaiteay body grows in size, and becomes the initial 
body, wliie'h be-.ce)mes surrounded by the' mantle, and thus forms the 
cell inclnsion. ddiis boely ne)W bre\aks up into a number of small 
bodie'S cnlled initial corl^usclcs, which divide by simple division — - 
i.c., by the' formation of dumb-be;!! forms, the two ends of which 
simply me)V(‘ a])art until the connecting threxid is broken. The 
result of the' divisic)!! of the initial corpuscles is the elementary body. 
In this wny the' life-cycle is completed. 

Comparison. — It will thus be; see'U that the Chlamydozoa arc the 
granule's inside' the' bexly of the; Cytoryctes variolce or the Nenroryefes 
hydrophobuc, and that the; whole; organism of the'se two forms ceuTe- 
spe)U(ls te) the' mantle' a.nel ])<a.rasite of the chlamyele)Zoon. 

Pathogenicity. 1 diey are believed to be. the cause; of smallpox, 

vaccinia., trachenna, vSame>an epitheliosis, hydre)phobia, scarlet 
fejve'r, ete;. 

Classification. -The' Chlamyelozoa are classifie;d inte; - 

A. Chlamydozoa vera. 

('lilamyde)ze>a, which commences as e;lemeutary beadics 
frejm ci'll inclusions. 

1. Cytoryede'S greuip — cause destruction of the cell. 

2. (\vteK)i]ce)n gre>u]) -eaause pre)lifera.tie)n e)f the cell. 

(ie'lbsucht gre)ui) — -cause galbsucht in the Lc'pidopte;ra. 

r>. ( lilamvdozoa strojo^yloplasniafa. 

Clilamyele)Zoa , wliich always remain as e;le;me'ntary bodier. 
— r.g., the' forms in the peripimimonia of cattle and 
tile; di])hthe‘ria in birds. 

Only the' ('yle)ryctes and Cyte)oikon groups concern us. 


The ('vtoryefes Group. 

It is iin])e)rtant to distinguish be'twee'ii the Chlamyde)zoon of such 
a dise'as(' as smallpeix anel the; parasite Cytoryctes variolce. The 
Chlainyde)ze)e)n is one' of the' chromatic i^articles e)f C. variolce, the 
protoplasm of which forms the mantle. The Cytoryctes group in- 
cludes the parasites of : — 
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1. Vaccinia. 

2. Variola. 

3. Scarlet fever. 

4. Hydrophobia. 

The Cyiooikon Group. 

llic Cytooikon group includes : — • 

I Lyozoon atrophicans Leber and PT'owazek. 

2. Trachoma bodies. 

The former group have been described above, and tlu^ latter group 
will be dealt with in the chapter dealing with tlie diseases of the 
special senses. 

The Filterable Viruses. 

By the term ' filterable virus ^ is meant micro-organisms so small 
that they will pass through the pores of filters whicli are too small to 
allow the passage of bacteria. The term ‘ ultramicroscopic ’ is 
also used for filterable viruses, but is not free from objection. 

History. — ^In 1892 Iwauowski demonstrated the filt(^rabi]ity of the 
mosaic disease of the bjbacco plant, and in 1898 Loftier and ITosch 
discovered that the virus of foot and mouth disease would ])ass 
through the jiores of the finest porcelain filter. Shortly after- 
wards Beijeriack conftrmed Iwanowski’s observations, and since 
then numerous observations have been made. 

In Man. — Yellow fever virus by Reed and Carroll in i9or, 
destroyed if heated to 53^ C. for t(ui minutes; Molluscitm con- 
tagiosum, by Julius Very in 1905; Dengue fever by Asliburu and 
Craig in 1907; Three clays fever by Doerr in 1908; Poliomyehlis 
by Lentz, Landsteinor, J.evaditi, Flexner, and l.owis in 1909; 
'Typhus by Nicolle in 1910; Measles by Goldberger and Anderson 
in 1911, as well as Trachoma, Scarlatina, Verruca vulgaris, and, 
according to Nicolle, Influenza. 

Animals and Man.— T ee/ and Mouth Disease by Lofflcr and 
Frosch in 1898; Vaccinia by Siegel in 1905, Variola and Rabies. 

Besides these filterable viruses others have been found in diseases 
of birds and one in plants. 

Cultivation. — ^The virus of pleuro-pneumonia of cattle, of fowl pest, 
fowl diphtheria, epithelioma contagiosum, and of Novy’s rat diseast^ 
have been cultivated. The organism of pleuro-pneumonia is a very 
small spirochnetc, but the organisms of the other disease are only 
evident by th(i fact of their infectivity in subcultures carried beyond 
any reasonable limit of dilution from the original. 

Immunity. — -In nearly every case the immunity produced by a 
filterable virus is complete and of long duration. 

Secondary Infections. — .Secondary infections with bacteria are 
common, and it is tliought that many of the so-called typica; 
syniptoms of tlic disease may lie due to the secondary agent. 

Methods of Infection. — The methods of infection are various; 
(i) By blood-sucking insects — e.g., Stegomyia calopus and yellow 
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fever, etc.; (2) by entry through an abrasion — e.g., M oLliisctmi con- 
tagiosum ; (3) In-" contact- fowl pest; (4) by unknown methods 
—e.g., 'Novy's rat dist^asce 

Nature.— The natuR^ of llie viruses is unknown; some, especially 
those sj)read ])y lilo(xl-sucking agents, are probably protozoal, but 
o tilers may b(^ ba,ct('ria,l. 

Classification.- '11 u‘. fi]t(Tabl(; viruses may be divided into-— 

1. hdlterable viruses associated vutli no known organism, 

2. Filterab](.‘ viruses associated with some knowm organism. 

I. Filkrahic Viruses associated with No Known Organism. 

Und(‘r this heading come tlie viruses of siivera.l diseases of im- 
portanca; in trojiical medicine — c.g., the virus of yellow fever, of 
dengue fever, of pappataci fever, of typhus fever. 

Yellow Fever. — Tin; virus is found in the blood only during the 
first thn^e days of tlui hwer. ft can pass through Berkefeld and 
Chambi'rland B fdters, and can be destroyi-d l;)y heating to 55^ C. 
for tiai minutes, or by a. tempiu'ature of 24'^ to 30^ C. for forty-eight 
hours. It is conveyed l>y Siegomyia calopus after an interval of 
twelves days from tin* time of the infective feed. 

Dengue Fever. — The virus is in tlu' blood during the fever, and 
can be hltcs'c'.d through Ikirkcd'cld hltcrs iniYiermeable to Micrococcus 
mcliiensis. It is s]>r(‘ad liy Culex fatigans. 

Paphalaci JY'Vcr.- - Flu: virus exists in tlui blood during the first 
day of the fever, and can be filtered through Bcudveleld filters, and 
is spR‘a,d ])y P/ilcholoniiis hapatasii after an intcr\ail of seven days 
from the da,l(‘ of th(‘ infectivv? feed. 

Typhus Fever.- d he virus exists in tlu' blood, and can be filtered 
tlirougli the coarser I 'erkvhdd filters, it is dcistroyed by a teinpcna- 
tuRi of to 55^' C. ; it is spread hy Pedieui us veslinieniorum L. 

crruga]\'ruviana.— O'ho. ('xperinuaits of Strong, Tyzzer, Brians, 
S('llards, and (iasiiaTuni tind to show that tln^ virus of this disease 
is a, Idterabh' virus, and distinct from that of Oroya, fi^ver. It 
appears to be similar in many respc-cts to the virus of .smallpox. It 
can be inoculatc'd succc^ssfully into monkeys, but only a modified 
form of tile disease' a])]:)ears, the li'Sions regressing in four to five 
weeks (analogy with inoculated smallpox). It has also Ix'en 
transmiU(‘d to rabbits and dogs. It has not 3R't bt;cn demonstra.ted 
ihut Ikilehotomus verrucariuni or any other insect does transmit the 
disease', but it is lieliewal that some arthropod is the carrier. 

2 . Inlterable Vu'uscs associated with Some Kmrwn Orgajiism. 

Boned lias clearh^ sliown that a minute flagellated organism 
{Microinonas mcsnih) exists in the filtrates of shee‘p-pox, and it is 
quite ]K)Ssil)le! that all fiUra.tes contain these minute organisms, and, 
further, there is reason to suppose that certain larger organisms 
possess these minute forms ni se.uue stage of their life-cyclev -e.g., the 
organisms of trachoma, ^’‘ariola, and vaccinia. 

Bradford, Bashford and Wdlson have described minute bodies 
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which they state to have cultivated, using Noguchi s method, from 
cases of acute infective polyneuritis, intinenza, trench fever, typhus, 
and other conditions. 

Trachoma . — The vims passes through the Berkefeld filters, and 
can be successfully inoculated into monkc3/s. 

Variola and Vaccinia . — The virus passes tlirougli Bork(?feld and 
the coarser Chamberland filters, and is destroycid by heating to 
57*^ to 58^ C. in fifteen minutes, or by almost any disinfectant, by 
saponin, vicin, bile, taiirocholic acid, and sodium olea te. 
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CHAPTER XXIII 

HETEROKARYOTA 


Prcliniiiiriry — llctcroJcaryota. — C-iJiAtn, — I>a.I<iiiticIiuiii Nyctothoms 

References. 

DIVISION B. HETEROKARYOTA EIickson, 1903. 

PHYLUM V. CILIATA Perty, 1852. 

7'he Ciliata are free-living or parasitic Heterokaryota, found 
]ninci])al]y in water, where they exist upon small animal and 
viigetal organisms and the debris of decomposing plants and 
animals. vSome of them can live in tlie alimentary canal of man 
and animals, obtaining their food from its contents, and increasing 
to such numlx rs as to cause irritation of the intestine. 

Tlu'ir movi'intail is by cilia, but always with one end, the anterior, 
in front. Tln^y turn round when desiring to progress in a different 
direction. I'his anterior end may be similar morphologically to 
the i)()sterior, or may be characterized by being more pointed, by 
having a inoutli, or by peculiar sensory cilia (Hypotricha), or by 
a peristome of long cilia (Heterotricha). The body, which may be 
spherical or flattened, is divided into an ectoplasm (the cortex) 
and ('iidoplasm (the medulla). The ectoplasm may simply bo a clear 
outer laytu' of tlu' jirotoplasm, or it may be differentiated into three 
layers. I'he lirst is very thick and very tough; the next, called 
the alveolar sheath, is marked by vertical parallel lines, which are 
thc‘ contractile myoneme thrt;ads; while the innennost layer next 
to the endoplasm consists of clear transparent ectoplasm. 

The semifluid endoplasm is in constant rotatory motion, con- 
taining food vaciioh's, contractile vacuoles, nuclei, pigment granules, 
colourless granules, crystalline bodies, and smaller particles. The 
cytostome or mouth is present in all except the parasitic Opalinse. 
It is a slit in the cortex at the anterior end of the body, which can 
be Opened for the reception of food, but is usually kept closed. It 
may be on the surface or may be carried inwards by a funned-shaped 
depression in the ectoplasm called the vestibule, which may be 
lined l)y cilia specialized for the capture of food. 

A cytopyge, or cell anus, occurs in Nyctotherus, but as a rule no 
definite opening appears, and the undigested food is simply pushed 
through the cortex. 
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Two wholly distinct nuclei exist in the Heterokar3,"ota, a mega- or 
inacro-nucleus and a micronucleus. They arc not me ’ely different 
in size, form, structure, and appearance, but also in function; fOi* 
the macronucleus is somatic and trophic in its function, whik^ tlie 
micronucleus is purely sexual. They are not comparable to the 
tropho- and kineto-nuclei of the trypanosomes. 

The macronucleus is generally well marked, but breaks down 
into granules before or after coujugalion. It consists of an acliro- 
matic portion, with a chromatic nortion in the form of a closc'- 
meshed network ol hbrils, but wludher then' is a dt^linite surrounding 
memtjrarie or not is doul)tful. 

The micronucleus, when at rest, is a minute iiTegnlar granuh' of 
chromatin lying in the centre of a, pcaT'ctly ckxir achromatic area. 
Jhobably then' is only oik' in ('ach animal, and tlu' app('aranc(' of 
two or more' is due to reproductive ])ha,ses which an' just linishing. 

The (. iliata are characterized by th(' pn'sc'ucc' of pr()to})lasmic pro- 
cc'sses projecting all over the body. These art' lint', sliort whi])s, 
called cilia, which in ])lac('s are transformed into thick procc'ssc's 
called cirri or flat mt'iTibraiies in ct'rtain specit's. Tiie cilia, an' pro- 
cesses of the pt'llick', but tlK'V a])])ear to bt' snp])orte(l hy a thit'ad 
of specialized (‘ctoi)lasm. The short, tint' cilia art' for motion, and 
the long, motioiih'ss cirri for tht' ])ur])(>se of ('ntangling foo(l-])a rticl('S. 
The membrant'S are suppost'd to be formt'd of fus('d cilia. Tricho- 
cysts exist in tlic' Molotricha. , and an t'xcretory organ has n'Ci'iitly 
been describt'd by M('tcalft' in certain si)eci('S of ()])alina, ])a.rasitic 
in frogs, while other Ciliata havt' a, contractik' vacuok'. 

Reproduction juay take ])lace ast'xiially 1)y (i) tra,ns\a‘rs(' or 
longitudinal division; (2) gt'mmation, simple or niultipk'; (3) en- 
cystmeiit and s])or('-forma.,tion, or st'xually by coujugalion. 

1. Fission. — Then' is no mor])hological distinction bt'twt eii longi- 
tudinal and transverst' fission, in which tlu' folk/wing changes takt^ 
plact'.- (t) a st'cond mouth is formt'd; tiieii comes (2) t'lilargt nient 
and division of tht' Jiiicioiiuck'us ; ft)llt)Wt‘d by (g,) t'lilargement and 
division of the macremick'us ; and, filially, (4) tlivisitin t)f the 
cyttiplasm. 

2. Encystment and Spore-Formation.- The animal encysts anti 
breaks up into a, nunibt'r of small indivitluals. 

3. Conjugation.- Tonjiigatitai has bt't'ii best destadbed by Calkins 
and Caullery m PamuKiciinn aiirclia. d'wo etjujugafing ct'lls abt)ut 
the same size an^ ])laced. so that the mouths are tlirt'ctly o])i)osed. 
The micronucleus swt'lls, its chnaiiatin becomes granular, t'longatetl, 
cresct'ufic, fusiform, and finally forms two nuclei, t'ach of which at 
onct^ divides intt) two. Of tht'se, two degenerate, whik' tht' otht'r twt) 
divide to form a migrattiry, or male, and a statit)nary, or ftanale, pi t)- 
nucleus. The male interchange and fuse with the o]:)pt)site female 
nuckd, and then the organisms separate. The macrt)niit:leus frag- 
ments anti disaj)pears, and the synkarytn breaks up intt) eight 
micronuck'i. 

Four of these swell, and are changed into macronuclei; so that 
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four micro- and four macro-nuclei are in the same cell, which divides 
into two very small cells with two macro- and micro-nuclei each. 
These cells grow to nearly full size, and then divide, giving rise to 
the typical protozoon, with one macronucleus and one micronucleus. 

Parasitism. — -A great many species of the Ciliata are parasitic in 
the intestine or bladder of other animals, and some are epizoic. 

The latter will often be met with as Vorticellce, living on Anopheles 
and Culex larvae. The former are found largely in the Orthoptera, 
the Amphibia, and in herbivorous mammals— horse and cow. 

In man a few have been recorded: Chilodon dentatiis Dujardin, 
1842; C. uncinUtus, Colpoda cucullus Schutz, ^88(4: Balantidium coli 
Malmsten, 1857; '^^inutum Jakobi and Schaudinn, 1898; Nycto- 
thcrusfaba Jakobi and Schaudinn, 1898; N . giganteus Krause, 1906; 
N. ajricanus Castellani, 1905. 

Parasitism does not appear to affect the structure of the animal, 
unless the loss of the cytostome in Opalina, parasitic in frogs, is 
considered to be due to this cause. 

Pathogenicity. — -The ciliate parasites, as a rule, appear to cause 
but little effect, unless they are present in large numbers, when 
diarrhoea, often severe and long-persisting, may result. 

Classification.- -Th(‘ C'iliata are classified into four orders; — 

Order /. Holotricha Stein, T859. — Mobile Ciliata without special 
oral cirri {Chilodon, Colpoda). 

Order //. Heterolricha Stein, 1859. — Mobile Ciliata V'ith special 
oral cirri {Balantidium , Nyctotherus). 

Order III . Hy potricha Stein, 1859.— Mobile Ciliata with well- 
developed dorsal and ventral surfaces. Not known to be parasitic 
in man. 

Order I V , Peritricha Stein, 1859. — Fixed Ciliata. Not known to 
be parasitic in man. 

ORDER I, HOLOTRICHA Stein, 1859. 

Definition.- -The Holotricha are free-moving Ciliata, in which 
all the cilia are of approximately equal length and thickness, and 
never possessing cirri. 

Remarks. — It is divided into two suborders : — 

Suborder i, Gymnostomata. — Mouth closed when ingesting food. 

Suborder 2, Hymeno stomata. — Mouth always open, and provided 
with an undulating membrane. 

SUBORDER GYMNOSTOMATA Biitschli iS8y 

h'AMiLY Chlamydodontid^ vStein.- — In this family there is a 
genus CAf/affonh2hrenberg, 1833, which includes oval, strongly dorso- 
ventrally compressed Chlamydodontidae, commonly found in 
infusions, of which one species, C. dentatus Dujardin, 1842, was 
found in great abundance by Guiart in the motions of a woman 
suffering from severe dysentery in Paris. Manson and Sambon 
have described a case of chance-parasitism due to another species, 
C. uncinatus Blochmann, in a patient from tropical South Africa. 
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They noted that the parasites were only found in the mucus, never 
in the faecal masses. They were present in very large numbers, 
and were found to be all gametes, some of which were conjugating. 
It appears probable that Guiart’s parasites may really have been 
C. uncinatus, and not C. dentatus. 

SUBORDER HYMENOSTOMATA Hickson, 1903. 

Family Chilifkrid l Biitschli. — -The genus Colpoda Muller, 1773, 
includes the kidney-shaped Chilifera, with rows of cilia twisted from 
left to right, commonly found in h ly infusions, of which one species, 
Colpoda cuc'iillus vSchutz, T89f^, o'mmonly found in the water of 
marshes, was noticed in a brickmaker attacked with dysentery in 
Berlin. Uronemd caudatuni Dujardin, 1841, has been found in the 
motions of cases of diarrhcea in man. 


ORDER 11. HETEROTRICHA Stein, 1859. 

The Heterotricha are free-moving Ciliata, with strong cirri or 
membranellae, foraiing an adoral ring enclosing a space, the peri- 
stome, at one part of which the mouth opens. The order is divided 
into Polytricha, Oligotricha. 

Polytricha Hickson, 1903. — Heterotricha in which the surface of 
the body is covered with rows of short cilia. 

Families.- Plagiostominida> Claparede and Lachmann, Bursa- 
vimdcB Biitschli, Stenlorinida: Stein, Gyrocorynce. Stein. 

PAMII Y BURSARlIDAi Krui, 1880. 

Synonym.- -Bursarinida' B iitschl i . 

This family includes the Balantidium, 

Genus Balantidium ('laparede and Lachmann, 1858. 

Definition.— with a large peristome and a well- 
marked anal aperture. 

Remarks. — Balantidium is common in the rectum of pigs, and 
is sometimes found in the intestines of man. Cyst 80-100 in 
diameter. 

Balantidium coli Malmsten, 1857. 

Synonyms. — Parama'ctum coli Malmsten, 1857 J Plagiostoma coli 
Claparede and Lachmann, Leucophrys coli Stein, Balan- 

tidium coli Stein, 1867; Holophrya coli Leuckart, 1863. 

Balantidium coli is constantly found in pigs, and has been found 
in the colon and the dejecta of man in cases of cholera and diarrhoea. 

In shape it is oval, slightly pointed anteriorly, but this depends 
upon whether the peristome is funnel-shaped or contracted. It is 
covered with cilia arranged in parallel rows, which give it a striated 
appearance. 

It is o*o6 to 0*1 millimetre in length by 0 05 to 0 07 millimetre in 
breadth, and possesses a bean- or kidney-shaped macroniicleus, and 
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a globular micronucleus situated near it. It develops asexually by 
transverse division or by conjugation, it can encyst, and in this 
condition pass from pigs to man. B. coli lives in the rectum of pigs, 
and is transferred by its cysts to man. 

It was discovered by Malmsten in a man who had had cholera, 
and was suhering from diarrhoea and iilcvr of the rectum, Tire 
ulc('r laid nothing to do with tire disease, as it healed, while the 
diarrhoea was probably diK^ to tlie parasites. 

C'asagrandi and Barbagallo ])roduced catarrhal ( nterocolitis in 
young cats by means of this pai asite. 

Strong jias investigated, in a mastiaiy manner, the enterocolitis 
])rodiiced hy B. coli in tlu; Philippine Islands. 

Balantidium minutum Schaudinn, 1899. 

Tile body is shortly oval, with a ]>ointed anterior extremity. 
Length, 20 to 32 breadth, 14 to 20 fi. 

Tlu^ peristome (‘xtimds into the ccaitn.' of tlu^ body, and has the 
right lateral border fringed with cilia, and the left lateral border 



I'K.. joo.— lUilaniidhim coli Malmsten. 

(Alter Hartmann. Ficmi the Arcliiv f//r ScJriffs- 
7f. 1 rnpenhygieve . ) 



Fke 201. — Balmiiidium 
niinut-Hfii Schaudinn. 

(Alter llartniami. prom 
llu' Avchiv fur Schiffs- 
■li. Tropenhygiene.) 


terminates in a hyalint' nKunbrane which can pass over to the 
right side, and has a row of cirri. The cysts are oval. 

This parasite (along with Nyclofhcrus faba) was found by 
Schaudinn in a (h'rnian who had often stayed in North America. 
The symjttoms were Ciuistipation alternating with diarrlioea asso- 
ciated with abdominal jtain. 


Balantidium minutum var. italicum Sangiorgi and ITgdulena, 1917. 

'bhis parasite, which was found by Sangiorgi and Ugdulena. in 
human faeces, differs fromZ?. minuiitm in that the nucleus is excentric. 
and in the peculiar orientation of the micronucleus. 
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Genus Nyctotherus Leidy, 1849. 

Definition. -Borly Ix an- or kidncy-sliaped, witli a lar^a; jx'ristoiiio 
(Oi the coiiciisa' side, exlcaiding from tlie anterior cai;l ii}) to the middle 
of the body, from whore a. eurvaxl cyto])harynx or (osopliagus extends 
inwards. Tlie macronueleiis is large, and situated almost in the 
ceil ' re. 

Remarks. — The species are mostly parasitic in tlu^ intostin(‘ ol 
Am])liibia, Iiisecta, and Myriapoda. 

S])eci(^s known in man; Nyciothcnts faba Scliaiidimi. 

N . inganlcits Kraus(;, rgob; N . africanus ('a.stellani, 1905. 


Nyctotherus faba Schaudinii. 1899. 

N . faba is fiattcaied dorso- vent rally, and is 2() to 28 in length, 
and T() to 18 jj, in breadth, and T2 // in thickness The cilia on the 
IKsdstouK; are of two kinds, those 
on the right side', of tlu^ size of 
the body, being true cilia, and 
those on tlu^ left side being cirri. 



Fig. 20 2.- —Syctothwus fabu 

SCHAUDIXN. 

(After Hartinaiin. i'Voni the Avchiv 
fiir Schiffs- it. Tr open hygiene.) 



19(1. 203 . — N vetotherus africauus 
Castcclani. 


Tlie contractih' vacuole is larger and situati'd postiTioily. The 
nia (U'o-nuehuis is m th(‘ (aaitiir and is pcxmliai in having four 01 
fivi-’ colk'otions of cliroinatiu at its ))cri})li('ry. Tho micro- 
nucleus lu‘s close bv- Th(r cysts an' oval. 

This species was discovered by Schaudinn in the same patient 
as Balantidium miniilinn. 


Nyctotherus giganteus T. Kraus<', igof). 

Synonym.. Balantidium giganleum P. Krause, igob. 

This organism, along with Trichomonas inteslinalis, was found by 
Kra use in the dejecta ' of persons suffering from typhoid in Breslau. 

It is shaped like a truncated cone, with the anterior end narrowed, 
and the posterior broad. Lengtu, 90 to 400 //. ; breadth, (to to I 5 '> 
Surface covered with cilia. The peristome is situated laterally, 
and from it a cytopharynx leads inwards. 
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The macronucleus is large and bean-shaped, while the 
nucleus is small and round. One or two vacuoles can be seen. The 
cytopyge is situated posteriorly. 

In the faeces the parasite becomes rounded off and encysted, 
and tluai divides into four. 

Nyctotherus africanus Casb'IIani, 1905. 

Found by Castellani in a Baganda native. N . africanus is hour- 
glass sliaped, with the anterior portion much less developed than 
the posterior. L(aigth, 40 to 50 breadth, 30 to 40 a. The 
surface is covered with very minute cilia, which are generally more 
evident on the posterior portion, being almost invisible on the 
anterior. 

The peristome is short. The cytoplasm is finely granular through- 
out. The nucleus is situate far posteriorly, near the contractile 
vacuole*. Tlie micronucleus is very small, and situated close to the 
macronucleus. No food vacuoles are to be se^en. 

Neither division, conjugation, nor (‘iicystment arc known. 

The patient, who had diarrheea alternately with long periods of 
constipation, was suffering from sleeping sickne^sr. 

The cfecum contained many parasite's, as elid e)ther parts of the 
be)wel. The‘ mucosa of the caecum, colon, and rectum were slightly 
ce)ngested, but not ulcerated. Castellani e>riginally considered this 
I)arasite to belong to the* genus Nyctotherus, but more complete 
investigations will pre)l)ably show that it constitutes a new gemus. 

SUBORDER HYMENOSTOMATA 1SS9. 

Genus Uronema Dujanlin. 1841. 

Deflnition. ! I\’nu'ii()stoniala ovate or elongate with one or more ( audal 
seta?. 

Type Species. -Ih'onrma ninrhimn Dujanlin. 18.41. 

Uronema caudatum. 

t'ound in a case ot diarrlnna. 
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CHAPTER XXIV 

r R I i M y\ r O D A 


):ui p.u. (Sites — I^Jatylu'Jniia. - -'I'reniatcKJa. C'lassitiealicjn -Miilacotylca 
J )iL;enca, Pia )stt>iu ila- - 1 Airanipliistomoidea - TAisciidoitlc'a — Scliisto- 
,s(Hni(la' Kcl'Teiiccs. 


SUBKINGDOM II. METAZOA. 

Definition. Mi^tazoa nr(! frcc-linni; or parasitic, multict^llular 
animals, cliaraclt'rizt'd Ity a ])liysi(‘lof,dcal division of labour among 
tlu'ir cc'lls. 

Remark?:. Tropical modicint' is only conct'rned with parasitic 
M'dazoa, and chiefly witli thost' which affect man. Parasitic Metazoa 
may lx* (adoi)ara.sites- sis, for (example, many species of the Insecta — 
cr c‘ndo})arasit(‘s- -as, for ('xample, many worms. The ectoparasites 
can ca,iist‘ distsist' Ipv introducing toxins, protozoa, or bacteria into 
th(‘ tissu(‘s, ajid in this way they are of tlu' utmost importance as 
tile s])rrad(‘i's of dis(‘ase, for, as is gent'rally ri^cognized, a disease 
is vi'vy olten limited by the special (ecological conditions of the 
animal which s])r(‘ads its ginan. Matiy of tht‘ (‘Ctoparasites, such 
as moscpiitoe.s, are tcmpiorary; or, lik(? ticks, periodic; whih^ others, 
like' lice, ai\* ])('nnanent })arasit(^s. 

With irgard to tlu' ('iidoparasiti^s, tlunr ill (dfc'Cts on the host 
d('])eud u])oii many factors which have* been recently studied in 
considerable' detail. 

'rile e'ffects of metazoan ])arasites on their hosts eh'pend upon the 
specie's of tlu' ])arasite's, the'ir condition, the* numbe'r pre'sent, tlicir 
])r('se'nc(' in ct*rtain organs, bacterial infe'Ction, their migration in 
tl)(' bady, the* loss to the' host in fee'ding tlu'm, the' damage caused 
by the'ir toxins, and the cenielition of the h<-st. 

1. The Species of Parasite.- -/’ //ejrn^ may exist in a host without 
a])])are'nt ill elu'ct, but .1 cvlosloma will ])ro(luce* anaania, eedemia, 
and ])eiiia]:)s de'ath. 

2. The Condition of the Parasite.- l h<' eU'ad eggs of Vilavia are 
boli(‘\'(‘el (e) block the lym])h channels, and gi\'e' rise' te> swe lling and 
ripniiiT' (d tlu'si' vesse'ls, thus bringing about lvm])hangitis and 
e'le'])lianliasis, while' the* living larx'a' ajipareiitly do no liaiin. 

3. The Number of Parasites.- -A few Aseairides may cause ne) 
sym])te)ms, while* a large numbe'r mav lead to serienis disease. 

4. The Organ Affected.- Asca rides in the alimentary canal are not 
nearly so virulent as in the liver, while Paragoninius rinycri 
in the lungs will cause a disease somewhat resembling phthisis. 

352 
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Ascarides may cause serious mischief in the pancreas, as observed by 
Chalmers; and may cause appendicitis, as notc'd by Rlancliard, 
Metcimikoff, Castc^llani, and others. 

5. Bacterial Infection caused by the Parasite. -7 irichiu'ra 

may be a harmless parasite in itsc'lf, but it is (piite ca])abh‘ of intro- 
ducing bacteria into the mucosa of tlie veuaniform appt'udix and 
causing appcaidicitis, for, as is wt‘11 known, it burrows in the mucosa. 
Th(' fever so often found in patients suff(a-iiig from ankylostomiasis 
is p.robably caused by intestinal bacteria (aiba-ing tli(‘ small wound 
produc(‘d by the a ncylostomce 

Tills method of ]n’oducing ill (‘ff cts upon th(‘ host a])})e:irs to us 
to b(; of tlie great(‘si importance in the tropics, and is. W(‘ hair, oftim 
overlooked. 

6. Migration of the Parasite in the Body.- The lar\ae of A ncvlo- 
stoma as they entc^r tlie skin cause a dermatitis known as Cooly itch, 
sore feet, ground itch, etc., which may be* ]>riimirily dut' to tlie 
irritation of tlie worm, or secondarily to bacteria introdiici'd into 
the skin by its agency. The wandiaangs of tlu* larvae of I'richinella 
sfyiralis through thcmuscles ca use the siwere .symjitonis of tricliiniasis. 

Sambon has pointed out that much that is obscure in tin* ])atliO“ 
gemesis of various forms of luTninthiasis might Ix' (Ticidati'd by a 
better knowledge of the migrations of the imtozoa in tlu'ir immature 
stages from the time they attack tiu' host to that of th('ir settkanent 
in tle.'ir selective anatomical habitat. H(‘ IxTi'Vt^s th;it many forms 
do not go directly to tlu‘ jiant in which tlu'y ari' usually found, but 
may take a very diffenmt routc^ from that gimerally acci'pted, and 
mav even livt‘ for a length of time in otluT structures before naiching 
such organs as th(‘ alimemtary canal or nasal fossie, which an^ only 
sought in order to enable tlu^ young to escape from the host. During 
these wanderings mechanical injury may be caused to the host, and 
pathogenic micro-organisms may b(‘ carrii'd from onii part of the 
body to another. 

7. The Absorption of Food.- -laaickart estimates that a Dibothrio- 
cephakis lafus givn's off in a year jiroglottides to the weight of 
140 grammes; Taniia sa^inata, 550 grammes; and Ascaris himhri- 
coides, 42 grammes of eggs in the sann^ period. 

If the number of these parasite's is great, the drain on the liost 
must be considerable, especially in children who need food for growth. 

8. Toxins. — ^This subject has already been desalt with (p. 205). 

9. The Condition of the Host.- The condition of the host is also a 
factor in the diseases produciT by these parasites, for though 
Ascaride^s may Ix' harmk'ss in a healthy intestine, thc^y may pi'r- 
forate a typhoid or dysenteric ulcxu', or a traumatic lesion of the 
bovva^l, and cause fatal peritonitis. 

With regard to the question as to whether parasites ever benefit 
human beings, reference can be made to tlu^ belief that the develop- 
ment of the Bacillus tuberculosis Koch is delayed by the presence of 
entozoa in the bowels, a view which, with our Eastern experience, 
v/e are unable to support. 
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The old idea that worms were ^s^ood for children has died out long 
ago, and we know of no cases of mutualism, or benefit to parasite 
and host, in the animal parasites of man. 

True parasitism is found in those cases in which the parasite 
benefits and the host is injured. Chance parasites are animals 
which accidentally and tcmiporarily become parasites. 

The life-history of a parasite may be simple, being carried out in 
one host, or it may be complex, with one or more hosts for its larval 
stagi's and another for its adult condition. 

(xeiicrally these hosts bear a direct relationship to one another, 
the intermediary host often being herbivorous, and thus becoming 
infected through eating faecally contaminated food, and the definitive 
liost being carnivorous or omnivorous, becoming infected through 
eating the herbivorous host of the larva. 

Some parasites, particularly the Microfilariae in the blood, show 
a remarkci.b](i periodicity in their habits, which appears to be asso- 
ciatt‘d with the means of (escape from the definitive host by some 
int(‘rin(‘diary host, such as a mosquito ora tick, whose habits agree 
with the periodicity of the parasite. Such correlations are very 
nuim^ious in Nature- -as, for exami)]e, the opening, or emitting of 
strong odours, by certain flowers at definite times of the day or 
night, which accords with the habits of insects which helj) on their 
fertilization. 

'Fropical countries are the home />ar excellence for parasites, as 
the means of inf(H;tion by bad sanitation, biting flies, etc., are easily 
available. It is therefore obvious that, as there may be many 
methods of infection by the mouth, the skin, and the nose, preven- 
iion is not an easy matter. It depends upon two factors — personal 
and ])uhlic hygiene. The question of personal hygiene is the more 
important and more easily applied, as only one person is concerned, 
while that of public hygicuie is more expensive and not so easy to 
apply, as many ])eople have to act in unison in order to produce any 
effect. 

Personal hygitme includes such matters as personal and domestic 
cleanliness; protection of the skin against infection, by the use of 
mosquito curtains and boots; avoidance of infection from domestic 
pets, such as dogs and cats, by not too close association with them; 
the protection of articles of food against flies and vermin ; and the 
careful cooking of food and filtering of water. 

With regard to public rules, the first is the proper disposal of 
waste, particularly of faecal matter; careful cattle and meat inspec- 
tion in well-kept slaughter-houses; and the destruction of ownerless 
dogs l)y means of a lethal chamber, in which they are killed by gas. 

Classification.- -The metazoan parasites of man can be arranged 
into phyla as follows: — 

Phylum I . Platyhelmia . 

P hy lum II. N emathelmia . 

Phylum III. Annulata. 

Phylum IV. Arthropoda. 
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PHYLUM I. PLATYHELMIA Vogt, 1851. 

Synonyms. — Platodes Leuckart, 1854 i Platyhelminthes Gegcnbaur, 
1859; Platyhelminthes Minot, 1877. 

Definition.— Platyhelmia are bilaterally symmetrical Metazoa, 
with dorso-ventrally flattened bodies, and without a true coelom. 

Morphology. — ^The Platyhelmia are flat-worms, with an oval or 
tape-like body, which is either covered by a ciliated epithelium, as in 
the free-living Turbellaria, or with cuticle under which the surface 
epithelium has sunk into the pan nchyma, forming the so-called 
subcuticulaT layer in the parasitic Trematoda and Cestoda. A well- 
developed musculo-dermal layer is present, but there is no coelem. 

The mouth is generally situated at the anterior end, when present, 
but it may be moved to the inferior surface, and opens, via a 
pharynx, into a forked or branched gut, which has no anal aperture. 
The alimentary canal may, however, be wanting (Cestoda). The 
excretory system begins in the so-called flame cells — i.e., cells 
provided with a leash of cilia from which fine channels run, uniting 
together to form larger channels. r]ieS(' ultimately empty into a 
pair of laterally placed canals, opening to the (‘xterior s(4)arately 
or together, often through an excretory vesicle. 

The nervous system consists of a large, bi-lobed, cerebral gan- 
glion, vdth nerves running fomards and backwards. 

The Platyhelmia arc mostly hermaphrodite, but may rarely be 
unisexual ; the ova are produced in the ovary, near which they are 
fertilized, and then, after obtaining food-yolk from the yolk reservoir, 
which has received it via the vitelline ducts from the yolk glands, 
they acquire a shell in a shell gland, and then enter a uterus, through 
which they slowly pass to the exterior. 

The male organs consist of testes, vasa deferentia, vesicula 
seminalis, and a cirrus pouch, with a cirrus and a so-called prostate 
gland. 

Classification. — The Platyhelmia are classified into: 

Class I. Turbellaria. — Free-living flat-worms, covered with cilia. 

Class II. Trematoda. — Parasitic flat- worms with an alimentary 
canal ; cuticle non-ciliate. 

Class III . Cestoidea. — -Parasitic flat- worms without an alimentary 
canal; cuticle non-ciliate. 

Class I. does not enter into the subject under discussion. 

CLASS II. TREMATODA Rudolphi, 1808. 

Synonyms.— Sucking Worms. 

Definition.— The Trematoda arc parasitic Platyhelmia, which re- 
tain the mouth and alimentary canal, but in which the epidermis 
not merely loses its cilia during development, but is sunk into the 
mesoblast after secreting the chitinous cuticle. Suckers are de- 
veloped in the region of the mouth, and also on the ventral surface. 

Remarks. — ^The knowledge of the Trematoda began in 1379, when 
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Jehan de Brie discovered the liver-fluke in the sheep, which was sub- 
sequently described by (rabuciniis in 1547; t)ut it was ]iot till tlie 
time of (). F. MiiDer, in 1777, that any accurate* idea oi their form was 
obtained. Zed(*r in i -oo made the first attempt to classify parasitic 
worms, calling the J'rematodes ‘ sneking-worms ’ ; while in 1808 
Riidolphi invented the name of the* ('lass, ehaavijig it from tlie (rreek 


Tpr]fiaTct)S 7 ]i; which means, ‘ piei 
many observers, among whom 



I'lO. 210 . -1)1, \t', RAM O]' A OF 

THE 1^'emali-: Oemiucattve AjM'AK- 
ATUS OF A TrJCMA'J'ODI: . 

(After St il(*s.) 

1, Ovary; 2 , uterus; c sliell .inland; 
,|, ootype; 3, ()\airi;iii diict ; (>. Lau- 
rcj'’s cajial; 7, vit('llaria,n duct. 


2(1 by hokts.’ After this date come 
uiy be numtioned Laurer (whose 
canal still be;irs his name) in 
1840. van Ik'iK'den in 1858, and 
Leuckart in 1867 (who divided 
tlK'in into DistonuAi and Foh- 
stomea), and, Thomas in 1883, 



I'k;. 21 1 - J )ta('.ram oi' Ano'jiijvr 
Type of niic ImMAEi': (ucnera 

TIVE Ari’A RATES OI’ A 'J'jQEM ATODE. 

1, Ovary; 2. ova,riaii diu'l ; 3,sh(dl 
j^laiid ; 4. o6typ('. ; 3, uterus; (>, 

Laur(T'’s canal ; 7, vitellariau duct ; 
•S, rec(‘[)ta.cu]uui seuiinis. 


who worked out the de\eloj)ment of luiscida lirini/ica. In i8()2 
Monticelli revived an older classilication of the groii]') by Burnieister 
into thre(' orders. 

Jn i8()() Looss compk'tely revolutioni/a'd tin* whole' classiric'ation. 
klis work has since bee'ii extended by Leipe*!', Odhner, Tiihe, and 
others. OI t ('C('nt years oiir knowh'dgi' of tlu' iih' hisiory of tli(*se 
])arasit('S has liei'ii extended in a. r('markal)le manner by Ja'iper and 
numerous Jajianese oliservi'rs. 

Morphology.^ — In .sha])e the Trematoda are generally leaf-like or toiigue- 
sha})ed, and but rarely cylindrical. l'lu*y a, re ju'evided with a cuticle, which 
may ha,ve s})iiie-like s('.al(‘s, and with one or two sucktT's, oral and ventral 
(oft(‘ii called the ‘ a,cetal)uluni ’). Avhich a, re capabh* ot fixing the parasites by 
the action ot thiur equatorial , meridional, and radial muscular fibres to the 
lining ot the alimenta,ry canal, or such other organ as they may inhabit. 

The mouth lies in the oral sucker, and leads to a pharynx. The (esophagus 
may be short or long, with or without a sjihincter muscle, and is often jiro- 
vided with unicellular salivary glands. The intestinal tubules, which may 
be branched or simple, end blindly, there being no anal apertur(\ The food 
is composed ot epitludial cells and blood. 

'bhe excriTory system is wt^ll develo]KHl, comnumciug in special cells pro- 
vided with cilia (llame cells), which communicate with I'xcndory ca])illaries. 
These open into canals, which anastomose freely, and then join tlic gatlieriiig 
tubes, which open into an excretory vesicle. This vesicle, which may be long 



558 


TREMATODA 


or short, pear-shaped or Y-shaped, generally opens posteriorly, but may 
open dorsaily above the acetabulum. 

The sexes arc but rarely separate, hermaphroditism being usual. The 
male organs consist of testes, which may be simple or branched, and are, 
as a rule, situated posteriorly. The vas deferens leads forwards sometimes 
through a vesicula seminalis to the genital opening, below which a cirrus 
enclosed in a muscular pouch provided with glands, called the ‘ prostate,' 
may be found. 

The female organs consist ot an ovary, which may be branched and is 
usually situated in front of the testes, and an ovarian duct, which joins with 
the vitellarian duct from the yolk glands, making a tube, called the ‘ odtype,’ 
surrounded by the shell gland, in which the egg is formed (Fig. 210). 

A curious hltk- canal, Laurer’s canal, joins by its inner aperture the odtype 
near the uterine tube, while its outer aperture is found on the dorsal surface. 
The homology of this little canal is not quite clear ; it may be a vagina. Some- 
times a receplaculum seminis is present. The odtype opens into the uterine 
tube, which is usually much coiled, and has its anterior portion tliickened, to 
form the metatrema or vulva, which opens into the genital orifice (Fig. 211). 

The genital pore varies in position, being situated in the mid-line in front 
of or behind the ventral sucker as a rule. Rarely it opens rather laterally 
and has a muscular depression of its own. 

Life-History.— The full life-history of a number of forms has been 
worked out by Leuckart and Thomas for Fasciola hepatica, under 
which heading details will be given, by Looss for various amphi- 
stomes, by I.eijXT for tlu' genus vScliistosoma, and by numerous 
JapaiK^se observer's for other forms. 

Typically there is an alternation of generations where one sexual 
generation is followed by two asexual generations. Two hosts are 
required for i\\o whole life-cycle. 

Lcip(T has given the following scheme for the development of a 
digen etic trematode : — > 

1. l)einhh\'e host .. .. .. Kgg- 

2. First transition .. .. .. .. Miracidium. 

Sporocyst 

Inlemitdiate ^porocyst and daughter cysts 
I j ^ vSporocyst and Kedne C ercana’ . 

I Sporocyst, Redite, and daugh 
[ ter Redke 

4. Second transition Free- swimming or encysted 

5. Detmilive host Adults. 

Liihe has provided the following classification of Cercaria' (slightly 
modified for convenience of reference) :‘- 

A. Jkxly without internal differentiation. With cuticular ala^ — 

LopJioccrcarur . 

B. Body with internal differentiation. Tails may or may not be 

forked:- - 

J. Acetabulum absent- Monostomes, 

11. Acetabulum present: — 

{a) Posteriorly situate- Amphistmies. 

{b) Vent rally situate: — 

1. Mouth central — Gasterostomes. 

2. Mouth terminal — Distomes, 
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The Distome cercarice may be identified as follows : — 

A. Tails absent — CercaricB. 

B. Tails present : — 

I. Tails stumpy — Monocercous. 

II. Tails well developed: — 

ia) Tails joined, forming colony- Ratienkonig cercarioi, 
ih) Tails not so joined 

I. Tads set with spines — 2'richocercous;. 

2 . 1'ails not set with spines : — 

(a) Tails forked at end -F urcocercoiis . 

(b) Tails not so forked 

(c) Base of tail fonns space^into which body 

can be drawn — Cystocercous. 

(d) Base of tail forms no such space: — 

(k) Tail as wide or wider than body — 
RhopalocC'fcous . 

(f) Tail narrower than hody-Lepto- 
cercous. 

The Leptocercous cercariev may be further differentiated as 
follows : — 

A. Body armed anteriorly: - 

I. With collar and crown of thorns -Fchinoslonies. 

11. With a stylet -Xiphidiocercaria'. 

B. Body unarmed anteriorly Arymnocephalous ccrcaricc. 

Habitat,— These parasites are found in all classes of the verte- 
brates, and may occur in any of the organs, but the most common 
in man are lliosc* of the liver, the intestinal tract, the lungs, and the 
urinary bladder. It is important to remember that the adult 
parasites may live in domestic animals, especially in cats, that 
they may affect pigs and cattle, that development takes place in 
snails, and that the cercaria are free-swimrning, but encystment on 
grass, water-weeds, etc., must be borne in mind 

Pathogenicity. — Apparently the smaller forms can live in human 
beings without being suspected, but irritation of the bladder, liver, 
intestine, and lungs may result either as the effect of the eggs or of 
the parasite. 

Diagnosis. — The systematic examination by the microscope of 
the faeces after centrifuging, es]:)ecially in cases of diarrliaa, and of 
the urine and sputum, is the only certain metliod of diagnosis. 

Treatment. — ^The treatment of infections by these animals is 
little studied, but Cliristopherson lias kiteiy recommended Taiiar 
Emetic {vide Chapter LXXIX., and more especially Chapter 
LXXXTI.). One may try to kill or expel the intestinal forms by 
chloroform mixed with eucalyptol or Chenopodiurn followed by 
purgation, as described in Chapter LXXV. (Ankylostomiasis), or by 
extract of male fern all in the same chapter (Tauiiasis). 

Prophylaxis. — We do not know enough about the life-cycles to 
lay down general rules about prophylaxis, but it will be obvious 
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that the cat, the dog, the pig, and cattle are indirect sources 
of infection, whil(‘ bathing, wading and drinking water as well as 
green vegetables, ])articnlarly those not cookt'd, must be regal ded 
as definite source's of infc'ctiori, and so must that delicacy the edible 
snail, which may not be' pre)]:)erly ce)oke'd. 

Classification.- d'he edassiheation of the Tre^matoda is as follows : — 

SUBCLASS I. HETEROCOTYLEA Monticclli. 

SyTionynys,- -Poh's/onica I.cuckart, pLciohotJirn Burincister, and 
M onoii^cnca van Beneelen. 

Th(\se 1 7'e;matodc'S are* generally ecto])arasitic, but may be endo- 
parasitie: in ain])hibia and tendoises. 

SUBCLASS II. ASPIDOCOTYLEA Monticelli. 

Synonym.- 1 shidohoihrii Ihirmeister. 

d'hese' are* le)wlv organi/e'd e'ndojxirasitic tre.'inale)eI('S, with one 
large sue:kej' occupying tlu' whole ventral siirfae c', feaind in torteuses, 
marine hsh, and stu'lllish. 

SUBCLASS III. MALACOCOTYLEA Memtieelli. 

Synonyms.- I>euckart, JSJalacohoiJirii J->innu iste'r, and 
Di^i^enm van F)C'neden, 1858. 

Definition.- -Typical endoparasitic trematode's, with never more 
than two sucking-discs, oral and ventral, and a J.aiirer’s canal. 

Remarks.- Tlie Malacocotyiea include all the human trennatode 
parasites. 

Classification, -ddu' Malacocejtylea may be divide'd into orders 
as follows;- - 

A I )e'vele)pmc'nt withe)ut a,lte'rnatie)n of gt'nerations Orch'r i, 
Monoocuca van Be'iu'ek'n, 1858. 

I>. 1 )evelo])me'nt with alte'rnatiem e)f generatie jis— Ordci' 2, 
Di'^cuca \'an Benede'U. 1858. 

We' are only ce)nc('rned with Orde'i' 2. 

ORDER DIGENEA van Benedcn, 1858. 

Definition.- -Malacocotyiea with a single median anterior sneke'r, 
a vagina, and fe'W eggs whiedi dewelop by alternatiem of gene'iations. 

Classification.- -d'his order is divided into several suborek'rs, of 
which Proslomala conce'rns us. 

Mouth surreiunded by the anterior sucker — Sube)reler Pro- 
siomaia Odhnei, Tejo5. 

SuHoRDin^ FKe)S'je)MATA Odhner, 1005. 

Definition.- DigeiU'a, in which the mouth is surre)unde'd by the 
anterie)!' sucker. 

Classification.— The Prostomata are divided into superfaniilies 
in the following manner: — 
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A. Acetabulum or posterior sucker caudoterminal. subtcrminal, 

or ventroterminal, and behind the genitalia or at the 
most embraced by the vitellaria- — Super-family i,Param- 
phistomoidea Stiles and Goldberger, 1910. 

B. Acetabulum or posterior sucker ventral and separated from 

the posterior extremity by, at least, a part of the genitalia 
—Super-family 2, Fascioloidea Stiles and Goldberger, 1910. 

Super-Family Paramphistomoidea Stiles and (k)ldbcrgcr, 

iqio. 

Synonym. — Am phi stomata Rudoli hi, 1801. 

Definition. — Prostomata with acetabulum, caudoterminal or sub- 
terminal, or ventral close to the caudal end. Oral sucker and 
(esophagus present. Caeca two in number. Hermaphrodites with 
genital pore ventro-median, pne-c'Ciuatoria.l, pnctesticular, and prae- 
ovarial, and with one or two pne-ovarial testes. Vitellaria paired. 

Type ¥ 2 im\\y.--ParampliislomidcB Fischoeder, 1901, restricted. 

Classification. — Paramphisiomidee Fischoeder, 1901 restricted; 
Gastrodiscidee Stiles and Goldberger, 1910; Gastrothylacidce Stiles and 
Goldberger, 19TO. The last-named family^does'^ notj^contain any 
human parasites. 

Family I. Paramphistomid.e: Fischoeder, 1901, restricted. 

Definition. — Pyriform ])aramphistomoidca with ventral pouches 
absent. 

Type Genus.— Fischoeder, 1901. 

Glassification. — The Para.mphistomida: are classified into the 
following ?^\\\A^m\\\os\Paramphisiomincv Fischoeder, rgio, restricted ; 
Cladorchnna> Fischoeder, 1901 ; and Diplodiscince Cadm, 1904; but 
of these only the second concerns us. 

Those suborders may be recognized as follows: — • 

A. Oral sucker without evaginathms — Para^nphisiomin^. 

Ij, Oral sucker with cxix^m^iions---C ladorchiifia'. 

vSuBi-AMiLY Cj.AnoRciiiiNiE Fischoedcr, 1901. 

Definition.-- -Paramphistomidae with oral sucker with evagination. 

Glassification. — -The Cladorchiinae can be subdivided into the 
Stcphanopharyngince Stiles and (xoldberger, 1910, with circular 
(pagination, and Cladorchiincr sens/} stricto Fischoeder, 1910, with 
paired evagination. This last subdivision contains the following 
gemera : Cladorchis Fischoeder, 1901, which is the type gciwis iPseudO ' 
discus Sonsino, 1895; Chiorchis Fischoeder, 1901; Tasiorchis 
Fischoeder, ic)OT ; Pseudocladorchis Daday, 1907; Microrchis Daday, 
zgoy ] Pfenderius Stiles and Goldberger, 1910; and Watsonius Stiles 
and Goldberger, 1910; of which the last is of importance in tropical 
medicine. 

It may be remarked that this subfamily will probably soon be 
made a family, and its divisions subfamilies. 

3b 
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Watsonius Stiles and Goldberger, 1910. 

Definition. — Cladorchiinae without genital sucker, with lobate 
orlobulatc testes, without cirrus pouch, and with each oral invagina- 
tion single. 1 ij 

Species. — Watsonius watsoni (Conyngham, 1904) Stiles and Gold- 

berger, 1910. 

Watsonius watsoni (Conyngham, 1904) Stiles and Goldberger, 1910. 
Synm'yms.- -Cladorchis watsoni (Conyngham, 1^0 /[), Afnphistomum 
watsoni (('onvngJiam, Paramphisiomtim watsoni (Conyngham, 


i()()4). 

Definition.- -Watsonius with the characters of the genus. 
History.- -Watsonius watsoni was first discovered in the duodenum 
and u]4i(‘r })art of tlie jejunum of a n(‘gro who had come from 

Adamawa. in late German West 



212. — Waisoniiis wafsom. 
(After Shipley; emended by Leiper.) 
a. Schematic; h, natural size. 


Africa, to Northern Nigeria. Since 
its discovery it has been reported 
near Lake Chad. The type was 
first described by Conyngham, 
later by Shipley, and in 1910 by 
Stiles and Goldberger. 

Morphology. — The parasite is red- 
dish-y(diow when fresh, 8 to 10 milli- 
metres ill length by ^ to 5 millimetres 
in breadth. In shajic it is oval or 
jiyriform. I'he ventral sucker is large 
and situated posteriorly and subter- 
minally, while the oral sucker is so 
small as to be hardly worthy of being 
con.sidered a true sucker. It has a 
pair ol lateral caudal irregularly 
globular suctional pouches. The 
pharynx is spherical, with two lateral 
diverticula, called the ‘ pharnygeal 
pouches.’ The oesophagus divides 
into two long intestinal caeca about 
the level of the junction of the anterior 
third with the posterior two-tliirds of 
the body, and is here surrounded by a 
sphincter muscle. The excretory pore 
opens slightly to the left of the middle 
line dorsal to the posterior sucker. 
The (ixcretory vesicle is relatively 
small, and lies over that sucker. The 
genital papilla is situated in the mid- 
ventral line, about the junction of the 


anterior (piarter with the posterior tliree-quarlers of the body, and on it open 
the canal ol the cirrus and the metatrema. 'J'he testes, whicli lie one behind 


the other, are deeply lobiilated. The vas deferens runs into a vesicula semi- 


iialis, which opens into the cirrus canal, but has no true cirrus pouch. 

The ovary lies close beliind the testes, and rather to the right of the body. 
The ovarian duct curves backwards, and is almost at once surrounded by 
the shell gland, when it may be called the ‘ ootype, ’ which just behind the 
shell gland receives the vitellarian duct and the inner end of Laurer’s canal. 


The uterus, full of eggs, coils over the testes and runs as far forwards as their 
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anterior border, where it becomes thick and muscular, and is called the 
‘metatrema.’ The eggs are large (122 to 130 /n in length by 75 to 80 jj. in 
breadth) . 

Life-History .■ — -The lifc-cycle is not known, but it is believed that 
the usual host is a herbivorous animal. 

Pathogenicity. — It may perhaps cause diarrhoea and anaemia. A 
post-mortem showed the mucosa slightly congested. 

Diagnosis.- — -By recognition of the eggs or adults in the faeces. 

Treatment.— The eucalyptus and chloroform mixture advised for 
ankylostomiasis (Chaj)ter LXXV.). 

Family II. Gastrodiscid/E vStiles and Goldberger, 1910. 

Definition. — Paramphistomoidea with rather discoidal bodies 
divided by a transverse constriction into cephalic and caudal 
portions. Ventral pouch absent. Venter with many large papillae. 
Acetabulum ventral at caudal end. 

Type Genus.- -Gastrodiscus Leuckart, 1877; the other genus is 
Homalogaster Poirier, 1883, 

Gastrodiscus Leuckart, 1877. 

Definition. — (kistrodiscidae with bodies slender anteriorly and 
broadened posteriorly. Th(‘ latter contains the genital glands. 
The acetabulum is small. The ventral pouch is absent. The oral 
sucker has paired evaginations, and leads into an (jesophagus with 
muscular thickening. The caeca are long, not wavy, and end post- 
testicularly. Male organs: — Tliese are two branched tf'stes, and 
a cirrus pouch whicli is not completely closed. Female organs: — 
Ovary and shell gland are post-testicular; vitellaria (‘xtraccTcal; 
and the uterus interc^ecal. Laurer’s canal is pre vesicular. 

Type,- Gastrodiscus cBgyptiacus Cobbold, t 87(), in the horse. 

Other Species.— G. in man;G. secundus Looss, 1907, in 
the horse; G. minor Leiper, 1913, in the pig in Uganda and Nigeria. 

Gastrodiscus hominis Lewis and McConnell, 1876. 

Synonym,— Amphistomum hominis Lewis and McConnell. 

Definition. — Gastrodiscus 5-8 mm. in length and 3-4 mm. broad. 

History. — It was first described in 1876 by Lewis and McConnell, 
who found it in hundreds attached by its posterior sucker to the 
mucosa of the caecum, vermiform appendix, and ascending colon of 
an Assamese. Since then it has b.‘en reported in natives of India, 
and perhaps it may be common. We have not met with it in 
Ceylon, though there was a. small jar in the Medical College Museum 
labelled Amphistomum hominis, but without a history. 

Leiper has made G. hominis the type of a new genus Gastrodiscoides, distin- 
guished from Gastrodiscus by the a])sence of papillae on the venter and the 
position of the genitid pore on the cone. 

Morphology. — The parasite is reddish-coloured, 8 to 10 niillimetres in length 
and 4 to 5 millimetres in greatest breadth, tapering to 2-5 millimetres m front. 
The thickness is about 4 millimetres. The posterior end of the body presents 
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a larger disc, on the hinder border of which lies the acetabulum. The rest of 
the body is thin, tapering to the mouth. The genital pore is at a level with 
the bifurcation of the intestine. The testes are double, with a sinuous vas 
deferens. Idle uterus and the yolk glands are situated laterally. The eggs 
are oval, o’i5 millimetre in length and 0-072 millimetre in bnsxdth. 

Pathogenicity.- It is not known whether these parasites cause 
any disease. It occurs in 5% of the pigs in krench Indo-China. 

Supek-Family Fascioloioea wStilos and GoldbergcT, 1910, 
Synonym.— Disiomata F(Tzius, 1782. 

Definition.- -TVostomata witli ncadabulum vciitral and always 
S(‘para,ted from th(‘ ])ost(Tior (^xtn-inity l)y soim^ jiart of tlie genital 
a])panitus. Oral suck('r pn^seiit; CcToa two in number. Hci-me.jdno- 
dit(‘s or with S(d>a,rat(' s(‘xes. 

Type Family. Fasciolukr Jvailliet, 1895. 

Classification.- -Th(‘ siijxT-familyinay lx* classified into the follow- 
ing families ns follows:- - 

A . II erma pJirodiies : — 

1 . Oral suckc'r without collar of strong pointed spines: — 

(a) Ovary in front of testes:- - 

r. (h'Tiital pore in front of ventral suck(‘r — Fascii)lida\ 
2. Genital pf)re not in front of vcmtral sucker: — 

(a) Gcmital pon^ surrounded by a pseudo-sucker — 
Hcicrophyiidce. 

(n) (it'nital pore not so surroundiAf :— 

(r) ('uticle with pointed spines- — Troglo- 
tremidcr. 

(d) ( uticle without pointed spines — Opis- 
Uiorchiidcr. 

(h) Ovary bcFind t('st(‘s- -Dicrocadiidee . 

11 . Oral suck('i' Vvdth a dorsal and lateral, but not veiiiral, 
fold or colhir bearing pointi^d spines- — IichFiosiomidw. 

B . Sexes separate- Schislosomidcr, 


FAMILY FASCdOLllLE Kajli iet, i8()5. 

Definition. — -Fascioloidc'a, hermaphrodites with oral sucker with- 
out spiny collar, with ovary in front of the testes and genital pore 
behind the viuitnd sucker. Vibdlaria well dcAxIopcxl, ext(^nding 
dorsally and ventrally. Cirms and vagina, without si)ines, Uterus 
])oorly dev(dop(‘d Excretory vesicle much branched Itggs large. 

Classification.- Tla^ Easciolidie are divided into two subfamilic's 
as follows: — 

A. Body with shoulder; receptaculum seminis absent; intestine 

branc 1 led — rascioiince . 

B. Body without shoulder; receptaculum seminis prt'sc'iit; 

intc'Stine not branched- -Fasciolopsince. 
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Suborder FAscioLiNiE Odhner, 1910. 

Definition— Fasciolidae with a shoulder separating the head from 
the body, with a much branched intestine, without a receptaculum 
seminis. 

Remarks.— This subfamily contains the genus Fasciola, which 
concerns us. 

Fasciola Limueus, 1758. 

Definition.- -Large Lascioloidea witli leaf-like bodies, with the 
anterior end shapixl into a conical la ad and with the ventral sucker 
situated near the mouth. Cuticle coviu'ed with spines. 

Type Species. -Fasciola hcpatica Linnaeus, 1738. 

Fasciola hepatica Linnaeus, 1 758. 


Synonyms. hcpaticum Retz, 1786; l^asciola huniana GmoJ, 1789; 

1 ). cavicp Suns, 1890; Cladoccelium hepaticMni Stoss, 1802. 



Fig. 213. — L(ici Fnc 214. — Thk Fkc 215. — The Fig. 216. — The 
OF I'asciula Ik- Miraciuium of Larva of Fa^- Sporocyst of 

patica. Fasciola ficpa- ciola hepatica. Fasciola hepa- 
tica. tica. 

( Alter "Jliomas, from lUe Quarterly Journal of Microscopical Science.) 

Wisioiy,- - 1 ' asciola hepatica, llie liver- 'Uike, is a. parasite ot sheep, oxen, 
^uats, horses, and many ollK^r herbivorous animals, in luiropc, North Africa, 
North and South America, Australia, Tasmania, Japan, China, Burma, and 
India. 11 is said to be extremely common in Burma and Fgy])t. 

It has been found in man several times, and ai:)parently usually in the 
liver, but it has been recorded in the bloodvessels, in a swelling on the sole 
of the foot, in abscesses about the head, and in a swelling in the right hypo- 
chondriac region. It is probable that Distomum oculi humani Ammon, 1S33, 
and Monostomum lentis Von Nordmann, 1832, may have been young liver- 
flukes. 

Morphology. — Fasciola hepatica is a flat, oval animal, with an anterior 
triangular projection. Length, 20 to 30 millimetres; breadth, 8 to 13 milli- 
metres. The cuticle is covered with minute pointed scales directed backwards. 
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There are two suckers — an oral, which is situated at the anterior end of the 
animal and surrounds the mouth opening, and a ventral, the acetabulum, 
which is a muscular cap situated in the median line near the junction of the 
anterior projection with the rest of the body. The mouth leads into a mus- 
cular pharynx, which passes via a short oesophagus into the intestine, which 
divides just in lroj]t of the genital aperture into two tubes running to the 
posterior end of tlic^ body, giving oil numerous branched ca;ca. 

The excretory system starts with dilated tubules, into which project the 
cilia of the so-called flame cells. The duets, which freely anastomose, open 
into a main duct, which runs directly backwards to open at a median pore 
at the })osterior end of the body. 

The two testes aia^ much -branched tubes, lying in the middle of the body, 
of equal size', one lying in front of the other; from each a vas deferens runs 
as far as the ventral sucker, where it oj)ens into an elongated sac, the vesicula 
seminalis, from which the ductus ejacnlatorius runs to the end of a large 
muscular organ, called the cirrus, which lies in a sac situate just in front of 
the ventral sucker. The genital o|)ening through which the cirrus can be 
protruded is situated between the two suckers on the ventral surface. 



JTg. 217. — The Redia of Fig. 218. — The Cercaria of 

Fasciola hepaiica. • Fasciola hapaitca. 

( After Thomas, from the Ouaricvly Journal of Microscopical Science.) 

The branched and tubular ovary lies on the right, in front of the anterior 
testes. The ovarian ducts run backwards to join the middle line with the 
median vitellarian duct from the yolk reservoir, int(j which open the vitel- 
larian ducts from the large branched yolk glands lying on either side of the 
l)ody, from the level of tlu* ventral sucker to the postc'rior extremity. 

The junction of these two ducts is surrounded by the slit'll gland, and forms 
.L much-convoluted tube, the uterus, which is joined close to its commence- 
mt'ut by a little lube, I.aurer’s canal, opening on to the dorsal surface. The 
uterus, which is generally full of eggs, opens on the left side of the base of 
the cirrus. 

The nervous system consists of a nerve collar around the pharynx, from 
which two nerve cords run backwards along tlie sides of the body. 

Life-History. — Ihc ovum starts from llie ovary and travels along the 
ovarian duct, where it is fertilized, after which it is surrounded by a large 
number of yolk cells, and thcji by a shell formed from the secretion of the 
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shell gland. The egg now passes forwards into the uterus, and is evidently 
deposited in the bile-passages and escapes in the faeces. It is oval, yellowish- 
brown, with a cap-like lid 0-13 to 0*145 millimetre in length by 0 07 to 0 09 
millimetre in breadth, and is seen to enclose a mass of yolk cells with one 
ovum, which now segments and grows, using up the yolk cells, forming i 
young form, called a ‘ miracidium,’ 0*13 by 0 027 millimetre, which in a 
few weeks escapes by the opercular opening if the egg is in water, and, being 
ciliated, swims about as a conical larva, with a little anterior papilla and 
two eye-spots. It has a cuticular epithelium, under which are muscular 
layers, and contains a simple sac, like an alimentary canal, a cerebral gan- 
glion, and an excretory system. There is a segmentation cavity (forming a 
body cavity) between the alimentary c.anal and the body- wall. 

It now bores its way into the pulmonary cavity of some snail by means 
of its anterior papilla; otherwise it dies in about eight hours. The varieties 
of snail hosts are; Limncsa truncatula Muller, in hurope, Asia, Africa; L. 
oahtiensis in the Sandwich Islands; L. viator Orb in South America; L. hiimilis 
Say in North America, in which it loses all its organs, and increases in size 
rapidly, while cells grow from the wall into the primary body cavity, so that a 
cyst is formed, called the ‘ sporocyst.’ This has an external cuticle, a thin 
muscular layer, and an epithelial lined cavity, containing collections of cells, 
which develop into cylindrica,! forms, possessing a simple, short, tube-like 
alimentary canal, 'with a pharynx, glands, and intestine, and a genital pore 
near the anterior end. These forms, which ani called Rcdice, after the cele- 
brated biologist Kedi, force their way out of the sporocyst by making a wound, 
which heals readily, and then wandcT about the snail, being especially abundant 
in the liver. When fully formed they have a ridge running round the anterior 
end, and a pair of blunt procc^sses for locomotion posteriorly. 



Fic. 219. — Linincua truncatula Mullkr. 

Inside the Redica cells bud olf from the body-wall and form the Cercarice 
which are not unlike a young fasciola witli a tail. 

Tlu; CcrcaricB possess cutaneous glands for the purpose of secreting tlu' 
cyst-wall of the next stage. They escape from the Redice by means of the 
genital porc', and, leavnng the snail, swim about in the water for some time, 
finally becoming encysted on grass or water-weeds, and are then eaten by 
sliet'p, inside which they esca])e Irom the cyst, and, working their way along 
the bile-ducts, develop in six weeks into sexually mature flukes. 

Habitat. — The liver-fluke usually lives in the sheep, in which it causes the 
disease called ‘ sheep-rot but infection can spread to man. 

Pathogenicity. -It causes the disease ‘ Halzoun ’ in North Lebanon by 
entering the pharynx. It is probably Ilexathyvidimn vcnariou Treutler, found 
in the anterior tibial vein, and the woiiUs found in the portal vein by Huval 
at Kennes in iS42; by Vital from Constanda in 1^7^. by Giesler, in 1850. 
in a foot; by Harris, in Liverpool, in an abscess. It may be IJisto uitm oculi 
humani Ammon, 1833; Monordomum leniis Von Nordmann, 1832; and the 
Distomum ophthalmicum Diesing, 1830. 

Fasciola gigantica Cobbold, 1856. 

Synonyms.- angnsta Raillict, 1895; F . giganiea Cobbold, 

1858. 

Definition.' — -Fasciola with short cephalic cone, almost parallel 
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sides, large acetabulum situate close behind oral sucker. Eggs 
150-190 X 75-90 microns. . . 

Remarks. — E. gigantica, which is nearly allied to I . hepatica, is 
found in herbivora in Africa, and is believed to have occuricd in a 
man, for a parasite somewhat resembling it was expelled from the 
lung during a fit of coughing associated with haemoptysis, but there 
is some doubt as to whether it was not different from Cobbold s 
species. Its length was 26 to 28 millimetres and its breadth 6 to 
8 millimetres, but it wiis contracted. It caused fc'Ver, cough, and 
slight hemoptysis. 

Snni-AMij.^' h^AS( 101 oi’SiNyE Odhner, 1910. 

Definition. — Fasciolida? without shoulder between head and 
body, with simple zigzag intestines, and with a receptaculum seminis. 

Type Genus.— luzscio/opsis Looss, i89(). 

Fasciolopsis Looss, icSpf). 

Definition. — Imsciolime with large ventral sucker elongated 
posteriorly to fonn a sac. Cirrus pouch, long and cylindrical. 
Laurcr’s canal prescmt. 

Type Species.- -!' asciolopsis bmki Lankester, 1857. 

Classification. — Four species are known to occur in man, and they 
can be recognized as follows: — 

A. Spines present on cuticle - 

1. Vitelline acini very large- -(joddardi . 

11. Vitelline acini not large- — Kxmn's fiitke {'0- 
JL No spines on cuticle - 

1 C irrus sac conspicuous - 

(a) (arms pouch very long, broad, convoluted, power- 
fully built- -i' it llchorni, 

(h) C'irrus pouch not so long, narrow, straight, not 
powerfully built— Bnski . 

11. Cirrus sac inconspicuous — Rath 0 nisi (?). 

Fasciolopsis buski Lankester, 1857. 

Synonyms.- -Distomum buski Lankester, 1857; I). crassuni Lusk, 
1859; ncc V. Sicbold, i83(); Distomum ralhouisi Poirier, 1887. 

History.- -h asciotopsis buski is a very large Irematodc', which was 
first discov('recl by Lusk in the duodenum of a. Lascar who died 
in the Sc'amen’s Hospital in 1843. In 1857 it w^as named by Lan- 
kester, and in 1859 described by Cobbold. 

It appc'ars to be by no means uncommon in man and j)igs in 
vSouth China, and is known in Lorneo, the Straits Settlements, 
Assam, and India. In 1910 E' . rathoidsi Poirier, 1887, was regarded 
as the same as k\ bush Lankester, 1898, but at the present time some 
authoriti('s go back to the older view that they are separate species 
— -e.g., Odhner says they are the same, and Ward that they are 
separate^ because the cirrus sac is convoluted and not conspicuous 
while that of F buski is straight and conspicuous. 
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Morphology. — -it is a large, tliick, brown, smooth trematode, 24 to 70 milli- 
metres in length and 5-5 to 14 millimetres in breadth. The oral sucker and 
acetabulum are in the proportion of 0-5: 2-0. The pharynx is globular, and 
there is a prepharynx, with a sphincter. 1'he oesophagus is short, and the 
intestinal caeca arc not branched, and extend 
to the posterior border. The genital pore is 
situated anteriorly to the acetal)uln]n, but tin* 
most remeirkable feature is the very long 
cirrus, about one-fourth the lengtli Of the 
body. The testes lie ])osteriorly, with the 
ovary and the utcirus in front . The yol k g'ands 
arc extensive, like; those in T'. hrpdtica. 

Life- History. -Idle eggs are 0-12 to 0*13 
millimetre in length and 0*077 i-o 
breadth, and the larval stages arc said to 
occur in shrimps. 

Habitat. — The intestine of the pig and 
man. 

Pathogenicity.- -It is believed to cause 
dysenteric diarrh(ea. wasting, and jaun- 
dice at times. 


Fasciolopsis fulleborni l^odenwaldt. 

1909. 

History.- -This worm was discovtaed 
and described by Rodenwaldt in 1909, 
being found in the tnotions of an Indian 
in Hamburg. 

Morphology. - Idie parasite is very large, 
measuring Irom 30 to 50 millimetres in lengtli 
and from 14 to 16 millimidrcs in breadth. 
Idle oral sucker and acetalnilum are in the 
proportion of 0*75 to o*(). ddiere is a prepharyiix 
and pharynx, but no a*so])liagiis. 

The intestinal emea are long and wavy, and 
extend to the posterior end. The genital aper- 
tures lie ill front of the* acetabulum. 



Fi(.;. 220. — /'(isciolopsis Imski. 

(After ()d liner, from tlui 
Centralblatt f i'ir Bakteriologic.) 

a, Schematic; h, natural size. 


The cirrus sac is vtu y long and wcdl (levcdujKul. and Uk^ test(\s lie behind the 
ovary and the ocitype. ddie latter is niiicli largin' than in F. hitski, and is oval 
instead of being round. The yolk glands (extend from the acetabulum to tlie 
posterior end of the body, being sitiiaUnl laterally, ddie excretory vesicle 
is well developed. 

ddie eggs measure* o*i miliinietre in lengtli by 0-073 millimetre in breadth. 


Habitat. — Intestine of man. 

Pathogenicity.- -Tlic patient harbouring it was suffering from 
fever, which had been diagnosed as typhoid. 


Kwan^s Fluke (=^F. godclardi?). 

Under this term Heanley has described a trematode found by Dr. Kwan 
King Hung in a cliild in the island of Hong Kong. 

Morphology. — In length it is 2 inches, in breadth I inch. The cuticle ]io.s- 
sessed spines. The intestine was not clearly seen, but the cx'ca were un- 
orauched. The testes were large and placed one behind the other. Hie 
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ovary was branched, and it — the shell gland and the yolk glands (which met 
each other posteriorly) — resembled those of F. buski. i t. 

Pathogenicity. — The patient suffered from vomiting, which resulted in the. 
expulsion of the flat-worms. 

Fasciolopsis goddardi Ward, 1910. 

Definition.- -Fasciolopsis with spines and very large vitellaria. 

Remarks. — 1 'his fluke, which is imperfectly known, was found 
in Shanghai, China, and nu^asiires 22 x 9 mm. 

FAMILY HETEROPHYITDYs Odhnek, 191^. 

Definition.- -F ascioloidea, hermaphroditic, with the ovary in 
front of the testes, genital pore bcEind tlu' ventral sucker, and 
surrounded by a pseudo-sucker, which is behind or on a level 
with the a«:etabiilum, and has its muscles blended with the body 
musculature and not sharply differentiated therefrom. 

Type Genus. Heieroj^hyes (Ybbold, i(S()6. 

Classification.- -The two genera whic h concern us can be dilfcren- 
tiated as follows - 

A. Acetabulum and gc^nital suckers vcntrally situate ajid 
sej) ara tc— 11 eien >hhycs . 

Jk Acetabulum and genital suckers dextro-latcrally situate 
and surrounded by a complex musculature— 71 / elagonimus. 

(ihNus: Hetkkopiiyes Cobbold, i8()f). 

Synonyms.- -Colylogoniniushuhe, 1899; Gi nogonimn^ Looss, 1899. 

Definition.- Heteropbyiid^e with suckers ventrally situate, 
witli a narrow, movable, anterior portion, and a broader, less 
movabk', posterior portion, which contains the genitalia, ( uticle 
with scale-like spines; suckers widely .separated; oesophagus long. 
Genital pojc pla( ed laterally, behind the ventral sucker, and 
surrounded by a genital prominence with chitinous njdlels. No 
cirrus pouch. The testes are at the posterior end, and the ovary in 
a iiK'diaii position between tliem. Yolk glands arc small, and 
situated at the sides posteriorly. 

Type Species. heterophyes v. Siebold, 1852. 

Heterophyesheterophyes V. Siebold, 1852. 

Synonyms.- — Disiomiim heierophyes v. Siebold, 1852; Mesogoninuts 
heterophyes Railliet, 1890; Ca'nogonimiis heierophyes Looss, 1900; 
Coiylogonimtis heierophyes, Braun, 1901. 

Definition.- -lleUTophy(‘s with ventrally situate and separate 
acetabular and gemlal suckers. 

History.— This minute parasite was discovered by Bilharz in the 
intestine of a boy in Cairo in 1851, and again a little later, but the 
third observation was not till 1891 by R. Blanchard; since then Looss 
has found it in Alexandria and Cairo, where he says it is not un- 
common. Leiper has recorded several cases in Chinese seamen. 
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It is also found in dogs and cats in Eg5^t, Japan, and Formosa; 
in man in Khartoum (eggs 0*026 x 0*013 mm.), also adults; and in 
dogs in the same town. 


JAoTphology,—H eterophyes heterophyes is pear-shaped, very narrow in 
front, broad behind; 2 millimetres in length by i millimetre in breadth, but 
can stretch to quite double this hmgtli. Cuticle with rectangular scales, and 
with numerous glands on the anterior ventral surface. Oral sucker ot milli- 
metre and ventral 0-35 millimetre in diameter. CKsophagus relatively long. 
Intestinal caeca end posteriorly near each <,ther. Testes situated posteriorly, 
not quite on the same lev(d on each side of the excretory vesicle; ducts join 
in a large vcsicula seminalis, from whicli a canal unites with the mctatrcma. 


and then discharges into "^he genital cavity, the: pore 
of which is placed hd “rally, surroiii ded by an annular 
muscular elevation, provided wiih seventy-five to 
eighty branched chitinous spines, probably intended 
to help in sexual intercourse. 

The ovary lies medianly, and its duct passes 
backwards to join the recejitaculum seminis, which 
is just in front of the testes. 

Here also joins the vitellarian duct of Ihe yolk 
glands, which also lie laterally in the })osierior third 
of the body. Tin* utiu us is coiled throughout the 
posterior part of the body. d'h(‘ canal of Taurcr is 
present. The eggs have thick sludls, and are 0*03 
millimetre in length and 0*017 nhllimetro in bnsidth, 
containing a mii acidium. 

Habitat. -Small intestiiuc 
Life-History.- -Unknown. 

Pathogenicity. - - rerhujis nil, but the 
parasite is very small, and may therefore 
be overlooked. 

(rhiNUS Metagonimus Katsiiratla, i()i 



Synonym. — Yokoyawa Ldper, i(jr3. lUo. -cr. -llcfcrophyos 

Definition.— -lleterojthyiidie with suckers heterophyes. 


dextro-laterally situate. 

Type Species. — M elagomnius 
Katsurada, 1913- 


{ After Looss, from 
johwaWLli Hi aim’s Animal Para- 
sites ol Man,' Jmglisli 
edition.) 


Metagonimus yokogawai Katsurada, 1913. 'c, x 

Synonym. — Yokogaiva yokogawai Leiper, 250; rf, spine x 700. 
1913. Leiper now lielicvc's that this Ihike is 

the same as one previously described by Kobayashi :.s i.oxotrema 
ovaium, n.g., n.sp. 

Definition. — Metagonimus i* 5 - 2*5 x 0*4-0 *7 mrn., with body 
covered with nail-shaped spines about 10 microns in length, with a 
characteristic sac-like accdabulum placed deeply in the body, and 
not opening on the ventral surface, but dextro-laterally. 

History. — It was found in Japan in the upper or middle part of the 
jejunum, rarely thecteciim, of man and mammals. 1 hey t ntei and 
destroy the solitary glands. . 

Morphology. — Metagonimus yokogawai is a small fluke possessing 
the characters given above. The oral sucker is 77-85 microns m 
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diameter. The testes are elliptical and situate posteriorly. The 
ejaculatory ducts open with the uterus into a genital sinus, which 
opens into a pit at the front of the ventral sucker. 

The ovary is sph(a'ical and lies in the middle of the posterior part 
of the body. A rccc^ptacuhim seminis and a J.aurer’s canal arc 
prestMit. The vitellarian acini lie on each side in the posterior part 
of the body. "I'he uterus forms three to four transverse coils. 

Life-History. -Tlu' eggs are elliptical, zH x i() microns, double 
contoun'd and yellowish brown, with an operculum, but no shoulder, 
and a. knob at the narrower end. 

Muto found cercaria in the liver of Melania liheytina, in Kaishu, 
Korea, where nuTagonimiasis is common. On breaking up the liver 
in water, it was found that the cercaria became encysted under the 
scales of uninfected goldfish kept in the water. Kittens fed with 
these hsh became infected in twelve to lifteen days. 

I'he cercaria' also live in a trout, Plccoglossii^ altivelis, rarely in 
other hsh. Infection takes ])lace by eating raw hsh, and the period, 
judging by dogs, is seven to sixteen days for the eggs to appear 
in the faces. 

Pathogenicity.- -It causes clironic diarrhcea in man . 

FAMILY TROGLOTKi^MlDd^ Odhner, 1914. 

Definition.- —L'ascioloidea hermaphroditic, with ovary in front 
of testes, genital pore just in front or just behind rim of 
acetabulum, but not surrounded by a pseudo-sucker, and with the 
cuticle complt'tely covered with pointed spines, \htellaria well 
developed and for the most part dorsally situate. More or less 
hattened worms 2-4 mm. in length, with extreme ])osterior end 
jirolonged into a small appendage, with ventral surface, flat or some- 
wiiat hollowed, and dorsal surface vaulted. Musculature in forms 
living in cysts poorly devihoped. Pharynx present. Gut diverti- 
cula i ('rmina 1 1' a short distance from the posterior end. ( ienital pore 
immediately in front or immediately behind the rim of the aceta- 
bulum in the middle line or slightly to the left. Cirrus usually 
absent. Pars prostatica and seminal vesicle present. Testes 
symmetrical. Ovary in front of tlic testes. Vitellaria well 
(k'veloped. Uterus long and much coiled, with small eggs, or short 
and kink('d wdth large eggs. 

Remarks. — Odhner formulated this family in Zoologiska Pidrag 
• rail Uppsala in r()i4 for Distonutm aciiium, in the frontal .sinuses of 
Musiela puioria : I). gas/ropJiiliun from cysts in the pylorus of 
Phocerna coniniunis ; ior CoUyrichitni faba from Sylvia hortan^is and 
ior Par ago nil mis ringcri, etc. 

Type Species. -Troglolrcma Odhner, 1914. 

Gen os P.vkacon ijAiirs Hraun, i8()(). 

Definition. — Troglotremidie with thick, oval, or broad, fusiform 
bodies, almost circular on transverse section. Cuticle, with sac- 
like spines. Suckers separated by half the length of the body. 
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The intestinal caeca are wavy, and run to the posterior end of the 
body, but are un branched. 1'he excretory vesicle runs from the 
pharynx backwards to its aperture on the j^osterior margin of th(‘ 
l)ody. The genital pore is just behind the ventral sucker. There 
is no cirrus pouch, and no receptaciilam seminis. 

Type Species. — Paraf animus laesicrmanii Kcrbert, 1878. 

Classification. — There are live spc'cies, but 7 ^. rudis Diesing, 1850, 
from a Brazilian otter, and 7 *. com pact us Cobbold, from an Indian 
ichneumon, are not well known. According to Ward the other 
three may be distinguislicd as follows, but Japaiu'se wo!'k<Ts do not 
accept these characters as of sj)ecirr value: — 

A. Chiscl-shapeu spines: — 

T. Arranged in circular rows in groups^- -R 111 iten, 

11 . Arranged in circular rows singly- -KcHicotti. 

B. Lancet- sliaped spines: — 

Arranged in circular rows in groups — W csiermau] . 



Fj(.. z 2 i. Payagonhiuis ringcri. 

(AtU'i- Ivooss, JVom M(misc’.s ‘ 'L'ix)])(Mikranklieitea.') 
a, ScluMiiatic xS; h, t-ggx X 300; c, natural size. 


Paragonimus ringeri Cobbold, 1880. 

Synonyms. — Distoma rini^cri Cobbold, 1880; D. hcpaticiim Miura, 
D. pulmonale Baelz, 1883; D. pulmonis Suga, 1883; 1 ). cerebrale 
1889; Yamagiwa. 1890; Mesogonimus westermani Railliet, 1890; 
M. pulmona'c Stossich, 1892. 

HisiQTy,— Paragonimus locstermani was discovered by Kerbert 
in 1878 in the lungs of two Bengal tigers, whicli died respectively 
in the Zoological Cardens of Amsterdam and Hamburg. 
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In 1880 Baelz found in the sputum of cases of haemoptysis bodies 
which he took to be psorosperms, and therefore called the disease 
gregarinosis pulmoniim, but when these were referred to Leuckart 
he said that they were eggs of a Distomum. In the same year 
Manson found what he took to be eggs of some parasite in a case 
of haemoptysis, in a Chinaman from Northern Formosa, and later 
he saw a Portuguese with haemoptysis and obscure thoracic 53^1 p- 
toms, who lived in 1'amsui in North Formosa. 

This man died in Formosa, and Dr. Kiiiger, who perfonned the 
post-mortem, discovered in the lungs a minute, fleshy, slightly 
flattened, oval body, grey in colour, and about a quarter of an inch 
in length, which expelled some brownish material from a minute 
oritice near one end. 

This specimen was sent to Manson, who noted the' same eggs as he 
had found in tlie Chinaman already mentioned, and then forwarded 
the parasite' to ('obbold, who, rightly thinking it new to science, 
nann'd it Disloinum ringcri, thc' naiin' now in use. In 1883 Baelz, 
having found specimens in the lungs, named it J). 'pulmonale. In 
1890 Otani and Yamagiwa proved that it could occur in other parts 
of tlie body besides the lungs by linding it in tlie brain, where it 
produced symptoms of J ac'ksonian epilepsy. Stiles and Looss defined 
its zoological position; Ward found it in cats, Railliet in dogs, and 
Stiles in hogs; while thc best description of the lesions caused by 
it is that by Musgrave in 1907, who found it in the Philippine 
Islands. 

It is very common in Japan, and is found in Cliina, Korea, and 
North America, a human case* being ntportc'd from Mexico by 
Naunyn. 

In 1908 Ward found P. kellicotii in ]>igs. dogs, and cals in North 
Ann'i'ica. 

Morphology, — 1 lie parasite varies from a jecUlish-brown to a light slate 
colour when lirst removed from the body, but soon becomes greyish on 
exposure to the air. In shape it is oval, with a somewhat flattened ventral 
surface, and is capable of slight alterations of its appearance by protruding 
and retracting its head, and by altering its ventral sucker so that it may appear 
terminal, 'the cuticle is covered with scale-like spines, which may be capable 
of being moved. The oral sucker is spherical and terminal, 0-63 to 0*97 
millimetre in diameter. The ventral sucker is situated in thc anterior half 
of the body, and is 0-76 to 1-31 millimetres in diameter. The oesophagus is 
short, and divides into the Iwtj wavy caeca. The genital j)ore may be in- 
distinct. and is always small, lying close to and behind the ventral sucker. 
The testes lie about, but not quite on, the same level on each side of the median 
line just behind tlie uterus. There is neith(‘r a cirrus nor a cirrus pouch. The 
ovary is opposite and sliglitly posterior to the uterus, which is visible just 
posterior to the ventral sucker. yolk glands lie at tlie sides, and their 

branches almost meet dorsally, while ventrally they only extend to the 
intestinal caica. Laurel’s canal is present, d'he eggs are oval in .sliape, of 
a reddish-brown to a light yellow in colour, with a length from o*o8 to o*i milli- 
metre, and a breadth from 0*052 to 0*075 millimetre. They possess an oper- 
culum, and contain the ovum and yolk cells. 

The excretory vesicle is well developed, and extends from the phajynx 
backwards# 
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Life-History. — ^According to Nakagawa, the miracidia infect the 
snails Melania libertina and Melania obliquegranosa. 

Nagakawa in Formosa found encysted larvae in fresh -water 
crabs: — i. Geothelphusa obtusipes. Synonyms. — Potamon obtusipes, 
Thelphusa rubra. 2. Geothelphusa dehaanii. Synonyms. — Potamon 
dehaanii, Thelphusa berardi, and perhaps— 3. Eriocheir japonicus. 
Synonym. — E.formosa. 

According to Sadao Yoshida, in the first two, the larvae are found 
in the liver, rarely in the gills or muscles, and in the last chiefly in the 
gills, muscles, and hypoderm, and rarely in the liver. 

Dogs and cats have been infected by these observers from the 
crabs, when the larva , escaping from the cyst in the intestine, pene- 
trates the wall near the jejunum and enters the abdominal cavity, 
perforates the diaphragm, and, entering the subpleural tissue, 
may pierce its way into the lung and encyst or pass into the neck 
(and perhaps so to the brain, etc.). The lungs are their favourite 
seat, and the only one in which they attain maturity. 

Kakami, on the other hand, says that cercariae may be found in 
Melania libertina, and that they get into drinking-water and so 
infect people directly. 

Pathogenicity.— It causes paragonimiasis in man. 


FAMILY OPlSrHORClIlID/F: Braun, 1901, emendavit 
Stephens, 1916. 

Definition. — ^Fascioloidea, hermaphroditic, with oral sucker with- 
out collar of spines. Ovary in front of testes. Genital pore behind 
ventral sucker. Cuticle without pointed spines. Small to medium 
flukes tapering anteriorly. Cirrus absent, but receptax ulum seminis 
and Laurer’s canal present. Eggs small. 

Classification. — -The family is divided into subfamilies as follows : — 

A. Excretory pore terminal ; bladder long, dorsal to 

testes. 

Uterine coils not overlapping intestinal caeca — Opisthor- 
chiince. 

B. Excretory pore ventral; bladder short, ventral to testes. 
Uterine coils overlapping intestinal caeca — M ct or chiince . 

Subfamily OpiSTiioKciiiiN.B Looss, 1899, 

Stc})hcn.-, ipif). 

Definition.— As above. 

Glassification. — ^The genera important to us can be distinguished 
as follows 

A. Testes lob ed :■ — 

|L With long retractile process projecting from ventral 
surface andjCarrying out its apex the acetabulum and 
the genital pore—Paropisthorchis. 
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II. Without such process: — 

Vitcllaria from acetabulum to ovary m one 
mass— -( ) pi si hor chi s . 

Vitcllaria divided into one mass in front of and 
anothei behind the ovary — Ainphuncrus. 

B. Testes branched - 

l^ranches cover intestinal c?eca ventrally— V lonorchis. 

Type genus,- A ) pisihorchis K. Blanchard, 184 . 

Opisth orchis R. Blanchard, ICS45. 

Definition.- Opisthonbiinje v/ith long llattened body and some 
whal }K)inU'd anterior c'xtreinity, suckers small, intestinal creca 
nnbranched, yolk glands situate laterally and not extending beyond 
the ventral sucker in front, testes in th(‘ posterior part of the body, 
one behind the other. 

Type Steeles, t pi slhorchis felineiis Rivolta, 1885. 

Classification 'Ihe species of this genus arc separated from 
one another with great difliculty. 

The following are found in man: ( t pi s(h orchis fclineus Rivolta. 
1885; (> pisthoreJns viverrini Poirier. l8()(). 

These two species are distinguished as follows 

A. Cuticle without spines— 7 'T/n/em-. 

B. Cuticl(‘ with minute spines— Pi 

Opisthorchis felineus Rivolta, 1885. 

Synonyms.— conus Gurlt, 1831, nec Crcplin, 1825; D. 
lanceolatnni v. Siebold, 1836, nec Mehlis, 1825; sihirienm 
Winogradoff , 1892; D. ienuicolleMijihl, 1896, p.p. 

Definition. — Ojustliorclhs with cuticle without spines. 

Remarks. T)/)Ts/Aerc//Cs’ felineus lives in the gall-bladder and 
bile-ducts of the domestic cat, and is also found in dogs in Europe'. 
Idle North American species is different {(). pseudo-Jeltneus). 

In human beings it is apparently a common parasite in Siberia, 
where it was first found by TOnogradoff in Tomsk. 

Morphology. — it is retldi.sli-ycUow in colour, with a conical neck at the 
level of the ventral sucker, marked by a shallow constriction. 

Th(‘ l(‘nglh is from 8 to 11 millimetres and the breadth to 2 millimetres. 
The testi's lie in the ])oslei ior part of the body, one behind the other. The yolk 
glands are situate on (dther side of the middle third of the body, beginning 
behind the ventral sucker and terminating about the level of the ovary. 

The genital pore is close in front of the ventral sucker. 

The eggs are oval, with a wcdl-didined operculum (30 // iiy 1 1 fi). 

Life-History. — The parasites live in the bile-duct, and the eggs, 
containing a ciliated miracidimn, escape in the heccs. Complete 
dcvelo])ment is not known, but cercaria liave been found in h.sh 
which infect men and cats. 

Pathogenicity.--It causes inflammation, dilatation of the bile- 
ducts in man. with atrophy of the liver substance', ascites, and 
icterus. 
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Opisthorchis viverrini Poirier, 1886. 

Definition. Opisthorchis with cuticle covered with minute 
acicular spines. Ovary multilocular. Branches of intestine almost 
reach the hinder end of the body, and the ovary and testes are 
deeply lobc‘d . 

Remarks. Ihis trcmatode, which belongs to the I ndian civet-cat, 
was obtained by Kerr from prisoners at Chicngmai, and recognized 
by Leipcr. 

Infection. — Infection is probably 03" eating raw or partially cooked 
fresh -water fish. 

Paropisthorchis Stephens, 1912. 

Definition. — -Opisthorchiinre with lobcd testes and with ventral 
process on which arc' situate the ventral sucker and the genital pore. 

Type Species, —Paropis/h orchis caniniis Barker, 1912. 

Paropisthorchis caninus Barker, 1912. 

Definition. — Paropisthorchis with the gc'neric charac ters. 

Remarks. -Cobbold in 1858 found a little fluke, Distomum con- 
juncfum, in the bile-ducts of Cams fulviis Lewis, the American fox. 

Fourteen years later Lewis and (ainningham found the same 
fluke in Indian pariah dogs, and in 1874 McConnell found what 
was thought to be the same fluke in human beings in Calcutta. 
In 1903 Braun pointed out that the American and Indian flukes 
were different, and named the latter Opisthorchis noverca [vide infra, 
AmpliimcTiis) . 

In 1912 Barker separated the j)arosite of the Indian pariah dog 
from the human, calling the former O. caninus ; and in the same 
year Stephens created a separate genus for it. Leiper still main- 
tains, howewer, that these two forms, in man and dog, are identical. 

It is not known to occur in man. 

Amphimerus Barker, 1912. 

Definition. — Opisthorchiinai without ventral process, but with 
lobed testes and vitellaria divided by the position of the ovary into 
anterior and posterior lobes. 

Type Species. — Amphimerus noverca Braun, 1903. 

i__ T'l • t — 


Amphimerus noverca (Braun, 1903). 

Definition.- — Amphimerus with the characters of the genus. 

Morphology. — It is lancet-shaped, with anterior and posterior extremities, 
pointed body, covered with spines; 9*5 to I2»7 millimetres in length and 
2*5 millimetres in breadth, with two suckers very close together, the anterior 
being larger than the posterior. The genital pore opens just in front of the 
ventral sucker. The pharynx is spheroidal, and the intestinal ca^ca extend 
tar back. The two testes arc very distinct, the anterior rounded and the 
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posterior lobate. The ovary is slightly lobate, and it and the uterus are 
situated medianly. The yolk glands lie laterally in the middle third, extena- 
ing from behind the ventral sucker to the back of the testes. There is no 
cirrus pouch. The eggs are oval (0*034 by 0*021 millimetre). 

Habitat.--The dog and man. 

Pathogenicity. -Not known. 

Clonorchis J.ooss, 1907. 

Definition. --OjiistliorchiiiKL' (diaracterized by th(' fact that the 
tc.stc.s arc not notched oriobute, but distinctly ramilied, the branches 
crossing th^* intestina] Cc'cca on tlieir ventral side and extending very 
nc'ar tlie body margin . The excretory vesicle is simply an unpaired 
c ^ h tube, which becomes somewhat 



Tie. 223. — ChmoreJns sinmsis. Fig. 224. — Clonorchis endemicus. 

(After Louss, from the Annals of (After Looss, from the /twizu/s 0/ 
'rropicnl Mcdichif and Parasitology .) Tropical Medicine and Parasitology p 

a, Schematic; b, natural size; c, egg a, Schematic; h, natural size; c, egg 
X500. X5eo. 

Species.- ('lonorchis sinensis Cobbold, 1875; Clonorchis endemicus 
I-)aelz, 188); but tht^ work of Kobayashi in 1917 tends to show 
that they are one and the same species. 

Clonorchis sinensis Cobbold, 1875, 

Synonyms. sinense Cobbold, 1875; D. spalhtda/nni 

Leuckart, 187(1; Distomum hepatis innociium Baelz, 1883. 

Definition, ('lonorchis with the generic characters. 


CLONORCHfS SINENSIS 
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History. — Clonorchis sinensis was first discovered by McConnell 
in 1874 in the liver of a Chinaman. It was believed to be an 
Opisthorchisy but in 1907 Looss gave reasons why it should be 
placed in the new genus Clonorch'is. As far as is known it occurs 
principally in China and Japaii, and has not yet been found in 
animals. 


Remarks.— -It may be the same as Clonorchis endemicus Baelz, 
1883; Distoma hepatis endcmicnm sive perniciosum Baelz, 1883: 
Disioma japonicmn R. Blanchard, 1886. In 1883 flukes were 
first described in the liver of human beings in Japan by Kiyono, 
Nakahama, Suga, and ^"amagata, and a little later in the same 
year Baelz repo^ded the oxnrrence of two hepatic distoma in 
Japan. 

T. Disioma hepahs tnnocinnn, up to 20 millimetres in length, with 
a lighter-coloured uterus ol larger volume, with slightly larger ova, 
21 to 36/^6 in length by 18 to 20 in breadth, and with a black granu- 
lar pigment in its excretory apparatus and body parenchyma. It 
caused little or no symptoms in human beings, and was found acci- 
dentally in post-mortems. 

2. Disioma hepatis endcmicnm sive perniciosum, which was smaller, 
8 to II millimetres in length, and did not possess the above char- 
acters, while its eggs were only 20 to 30 fji in length by 15 to 17 ^ in 
breadth . 

Kobayashi finds that Looss’s differences between C. sinensis and 
C. endemic ns do not liold good. They were (i) size; (2) discontinuity 
of the vit('llaria : (3) pigmentation; (4) size and shape of the egg. 
In the experimentally reared fonns there are no such constant 
differences. 

It is found in Japan, where it is common, and in Annam and 
Tonkin, in man, cats, dogs, and pigs. 

Morphology. — C '/ovorchis sinensis is a while, or yellowish-red, or brownish, 
narrow trematode, 13 to 19 millimetres in length and 3 to ^ millimetres in 
breadth. The pigmentation is due to the deposit of fine yellowish or brown 
grannies in the bod}^ parenchyma. The ramilications of the testes are long, 
tlie anterior arising from four and the posterior from hve main stems, with 
sometimes ventral bulgings. The ovary is trilobate, but may show three to 
six smaller lobules. The yolk glands reach from the ventral sucker to the 
level of the ovary, and are peculiar in that certain groups of follicles remain 
undeveloped. In perfectly mature specimens the seminal vesicle extends back 
as far as the middle of the uterus. The oggs are generally narrowed towards 
the anterior end, and have a rath<‘r high lid, with a sharply projecting brim 
(those peculiarities may be absent.) Inc egg is 29 fA in length and 16 ju, in 
breadth. 

Life-History.-^ Kobayashi has found the cysts in the muscles of 
fish- -Pseiidorasbora parva, Leucogolrio giintheri, Lencogohio mayedee, 
and Carassiiis aitraiits—'dm\ was able to infect cats by feeding with 
the infected flesh. He also found cysts in other i-\<5\i~Acheilogm- 
Ihus lanceolaius, A. limbatus, A. cyanosiigmus , Paracheilognathus 
rhomheus. Pseudo per clamp us typiis, Abbottina psegma, Biwia zezera, 
and Sarcocherlichthys variegaius. These fish are the second inter- 
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mediate host. The first intermediate host and the method of 
infection of the fish are unknown, but Melania liberfina is suspected. 
Habitat. — It is found in cats, dogs, hogs, and men. 

Pathogenicity. — Enlargement of the liver, and diarrhcea. 


A Possible Feline Cionorchis (or Opisthorchis). 

Looss draws attention to the fact that Ijima, in 1886, describes a Distomum 
from the liver of a cat in Japan, with fine spines, and smaller than C. endemicus, 

which is to be hooked upon as a normal parasite 
C 3 b oi the cat. It is only 4*5 millimetres in length 

by 0*9 millimetre in breadth. It may be a 
Cionorchis or an Opisthorchis. 

Katsurada, in iQoo, published a paper based 
upon seven ty-.six post-mortems with an 
enormous number of parasites, among which 
he mentioned three found in a man from the 
province of Saga, with an average length of 
5*16 millimetres and breadth of 0*96 milli- 
metre, which Looss considers can only be 
explained as an infection with a feline species. 

Habitat. — Cats and man (?). 

hAMILY DICR 0 C(ELI 1 D^ 
OnilNER, 1910. 

Definition.— F ascioloidea , hermaphro- 
ditic, without spiny collar around the 
oral sucker, and with the ovary behind 
the testes. 

Type Genus.- — Dicroccelimn Dujardin, 
1845. 

Dicrocoelium Dujardin, 1845. 

Definition. — Dicrocceliida^ with lancet- 
shaped bodies, without spines, and with 
suckers placed close together. Intestine 
does not reach the posterior end. Genital 
pore close behind the pharynx, with a 
cirrus pouch in front of the ventral 
sucker, just behind which the testes lie 
with the ovary in the median line 
behind them. The uterus lies behind 
the ovary and testes, extending as far back as the posterior 
border. The yolk glands are small, and situated in the middle 
quarter of the lateral areas of the body. The excretory vesicle 
is tubular. Ova dark brown. Worms live in the liver and gall- 
bladder, rarely in the intestine. 

Type Species. Dicroccplv.im dendritienm Rudolphi, 1819. 



Fig. 225.- — Dicrocoelium 
dendvliicuyn Rudolphi. 

{After Looss, from Meuse's 
‘ Tropenkrankheilen.') 

a, SchematicXb; h, natural 
size; c, eggs X 250. 


Dicrocoelium dendriticum Rudolphi, 1819. 
Synonyms.— Easao/ai lanceolata Rudolphi, 1803, nec Schrank, 
1790, Distontum lanceolutuM Mehlis, 1825,' Dicrocceliuni lanceolatufn 
Dujardin, 1845; Dicrocoelium lanceatum Stiles and Hassall, 1896. 
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History. Bucholz appears to have been the first to discover 
these worms in the gall-bladder in Weimar, and, later, Chabert in 
the intestines of a girl in France, and Kiichner in Weimar. Since 
then they have been noted in Italy and Egypt. They are found in 
the bile-ducts of herbivorous and omnivorous animals in Europe, 
North Africa, Asia, and North and South America. 

Morphology. Dicvococlium dendriiiiiim is a small trematode, measuring 
8 to 10 millimetres in length by 1*5 to 2*5 millimetres in breadth. It is pointed 
in front and narrow behind, so that the widest point is just behind the yolk 
glands. Cuticle is smooth; the oral sucker is terminal, and about the same 
size as the ventral (0*5 to o*6 millimetre). The intestine bifurcates just in 
front of the genital poie, which is situate in the median line in front of the 
ventral sucker, beiuad which the two testes lie, from which the vasa deferentia 
run forwards to form a cirrus lying in a cirrus sac. 

The ovary lies behind the posterior testis; there is a receptaculum seminis 
and a Laurer's canal. The yolk glands lie in the lateral portion of the middle 
fifth of the body, the posterior portion of which is filled up by the large coiled 
uterus. The eggs are thick-shelled, and yellowish to brown in colour, with a 
length of 38 to 45 and a breadth of z? {o 30 

Life-History. — Not known, but suspicion rests on Planorhis mar- 
ginatus and land-snails. 

Pathogenicity. — No special symptoms. 


FAMILY ECHlNOSTOMIDAt Loess, 1902. 

Definition. — ^Fascioloidea, hennaphroclitic, with a fold or collar 
bearing a row or rows of pointed spines on the dorsal and lateral 
aspects of the oral sucker. The rows of spines arc continued laterally 
on to the ventral corners, and the number of spines is constant for 
each species. The corner spines are large or specialized. 

Classification.— The family is divided into two subfamilies as 
follows - 

A. C irrus sac does not reach beyond acetabulum. Without 

strong rosethorn hooks — Echinostomince . 

B. Cirrus sac reaches beyond acetabulum. With strong rose- 

thorn hooks — Himasthlimv . 

Subfamily EciiiNosToMiNai Looss, 1899. 

Definition.- As above. 

Type Genus. — Echinostoma Kud«)lphi, 1809. 

Classification. — E. malayanum Leiper, 1911, has been placed by 
Odhner in the genus Euparyphium Odhner, so that it now becomes 
Euparyphiurn malayanum, as, according to Leiper, it is probably 
the same as Arlyfechinostomitm sufrariyfex Lane, 1915, which Lane 
found in a girl of eight years of age on the Ragnik Tea Instate in 
Assam. In 1916 Stephens pointed out that Lane’s genus did not 
possess the strong rosethorn hooks of the Himasthlinae. In 1917 
Lane pointed out that as Odhner’s principal character of the 
Echinostominae was that the cirrus sac usually reaches to the centre 
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of the acetabulum, but not beyond it, while tliat of A .sufrarlyf ex 
reaches 075 mm., therefore it is not a member ot the Jscnino- 
stominae. 

Genus Echinostoma Riidolphi i8cq. 

Synonym. — FascioleJ/a Garrison, igoS. 

Definition. — Kchinostomin^e. with small elon^uiled bodic'S, broader 
anteriorly than posteriorly, with characteristic circmnoial nng of 
spines and with otlier spines on the body, and with laigc' ])iominent 
acetabulum. (Eso])hagiis short, intestinal ca'ca nnbranclu'd. Ex- 
cretory vesicle tubular, (rcnital pores anterior to the ac'ctabnliim. 
Testes coiujxict, situate in the mcalian line one' behind the other, 
(arms and pouch well developed. Ovary compact ; no n'ceptacuhun 
seminis; i.aun'r’s canal present. Volk glands well developed in 
the posterior fifth of the body; well-developed shell gland and uterus, 
which lies between the ovary behind and tlu' accdabulum in front. 
Ova large' and operculatc'd. 

Remarks. — With regard to tlie po.sition of lichinosloma, it should 
be observed that some authorities do not classify it under the Eas- 
ciolida', but in a special family Echinostomida' vli id 1 wc' lulopl. 

Type Sp3cies. — The type species is lichinostoma rcvoliilitm (hroe- 
lich, 1802), of which the synonym is Distouia cchinahtin Zeder, 
1803. Another species of importance in tropical medicine is 
E.ilocannni (Ciarrison, 1008), 

Echinostoma ilocanum (iarrison, 1908. 

Synonym. — T'ascdoleiia ilocana (jarrison. 1908. 

Kistory,- --Kc kino si onia ilocana was discovered and describc'd by 
(larrison, who in 1907 noticed pc'cnliar eggs in the heces of Philip- 
pino prisoners in Bilibid Prison in Manila, and subseqiu'iitly, after 
treatment with male-fern, obtained a small number of trc'inatodes. 
Quite recently OdhiK'r has sliown that it belongs to the genus 
E chi nosto)}ia , famil y E chinostomida . 

Morphology. luJiinoslonia ilocana is a vc'ry small Irciiuil (ulr, iiuMSurin^ 

^ to () inillimolrc's in kmglh by o*75 lo 1*33 millimetrt^s in Inoadth and 0*5 to 1 
inilliinot ro in thicknoss. I^ONUaiorly it is attoniiated. 'i'lia acuta.bulnin is 
about three times the si/(“ ol the oral sucker, which is either terminal or slightly 
ventro-s\il)termiiial. The prepharynx is long, tlu' pharynx globular; the 
(X'sophagus short, hi lurcatijig pisl anterior to tlie gcmita.l ])or(‘ into the intes- 
tinal ea'ca., d'lve genital por(\s ojX'U sei)a,rale]y a. little beliintl llu' luiliway 
point between tlu' ])harynx and the accdabulum. 

The cirrus ])oucJi is w(dl denadopod, and conlaans posteriorly the vesicnla 
seminalis, into Avhich opcui the vasa deierenlhi, and which giv(‘s rise to the 
long eahled cirrus. Each testis shows an anterior and a posterior lobe. Tlu' 
ovary is globular, tlu‘ yolk glands well dc'veloped, and tlie uterus fairly 
developed. Ova 88*8 to 114*7 M i>y 33*5 to 8 i*q jn broad. 

Life-History.— -Nothing is known of the life-history beyond the 
fact that a miracidinm hatches in about ten days after the eggs 
have left the host. 

Habitat. — -The intestine of man in Luzon, in the Philippine 
Islands. 

Pathogenicity. — -It is probable that the worm is non-pathogenic. 
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Genus Euparyphium Odhner. 

Euparyphium malayanum Leiper, igir. 

Synonym . — Echinostoma malayantim Leiper, 1911. 

History.- — In rgri Leiper received two consignments of flukes 
from Dr. Macaulay of Singapore and from Dr. Stanton of Kuala 
Lumpur which had been collect(‘d from the intestine of a Tamil 
in the Malay States. 

Morphology. — it is a Ihick, lk\sliy Ircnu lotlc, light brown in colonr, 12 milli- 
nictres in length, 3 millimetres in breadth, and 1-3 millimetres in thickness. 
The oral sucker is situated on a kidney -sliaped anterior portion, which is 
somewhat detached irom the rest of the parasite by a furrow on either side. 
This circumoral disc is surrounoed by a row of forty-two stout spines. The 
cuticle of the body is unevenly furnislied with spines, d'lu-; ac(dabuhim is 
several times larger than the oral sucker. The oral sucker lies in the middle 
third of the circumoral disc, and leads into a s])heroid muscular pharynx, 
and so into the cesophagus, which bifurcates immediately behind the pharynx 
into two branches, which arc simple and end blindly at the posterior end of 
the body. 

The cleeply lobed testes lie one behind the other behind the acadabulum ; 
there is ei well-developed cirrus pouch and a long, thick cirrus. The ovary is 
smooth, and lies immediately in front of the anterior testis and just behind 
the acetabulum. The yolk glands are numerous, extending from the aceta- 
bulum to the posterior end of the body. I'he brown eggs art' ft'w in number 
and large in size. 

Habitat. — Leiper does not think that this worm is a normal 
parasite of man. and considers that domesticated animals, especially 
cats and dogs, should be investigated for it. 

Pathogenicity.— Not stated. 

St BTAMiLV IIjMASTHi.iNiE Odhner, 1910. 

Definition. — Echinostomi<ke in which the cirrii.- sac extends 
can dad to the acetabulum. 

Remarks.- -The only genus with which are concerned is : — 
Genus ArtyI'Echinostomum Clayton-Lane, 1915* 

Definition. — ITimasthlime witliont strong rosethorn hooks. 

Remarks.- -dlien.' has Ix'en much dispute as to whetlier this is a 
good genus or not. 

Type Species. — Arivfcchinostojniim siijravtyfcx Claylon-Lane, 1915- 

Artyfechinostomum sufrartyfex (dayton-Lane, 1915. 

Nomenclature. ■ d.c'iper has poi.ited out that this name clashes 
with the recommendations of the International Rules: ^ the use of 
proper names in the formation of compound generic names is 
objectionable.’ However, the name cannot now be changed. 

History.— The worm was found in a girl, aged eight years, on the 
Ragnik Tea Estate in Assam, and was thought by Leiper to be 
probably the same as Euparyphium malayanum ; but in ^ 9^7 
Clayton-Lane showed that the cirrus sac extended 0*75 mm. caudad 
to the acetabulum, a fact agreeing with the definition of the sub- 
family. 
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family SCHISTOSOMID/L: Looss, i8()9. 

Definition,- -Fascioloidea with separate sexes, and with gonilaJ 
pore posterior to the elevated acetabulum, ho pharynx. In- 
testinal c^ecare unite to form a single intestine. 

Type Genus. — Schistosoma Weinland, 1858. 

Schistosoma Weinland, 1858. 

Syjvoj\yv[is,—(jvncp-cophorus Diesing, 1858; Bilharzta Cobbold, 
1859; Thecosoma Moquin-Tandon, i860. 

Definition. — Schistosomidae with long filiform and shorter 
mules, with body considerably widened behind the acetabulum. In 
this part the lateral walls can curve ventrally to form an almost 
closed canalis gyncBCOphorus, within which the female is enclosed. 
No cirrus pouch. No pharynx. No Laurer’s canal. Eggs with 
spines and no lids. Miracidia ciliated with large glandular cells 
discharging anteriorly beside gastric sac. Development in various 
snails. Cercaria^ with forked tails and no eye spots. Enter 
vertebrate hosts through skin or mucosa, and pass into blood 
vessels. 

Classification.— The species known to occur in man may be 
recognized as follows ( 5 . magna Cobbold, 1832, found in a monkey — 
Cercocebiis fuligifwsus- -is represented to-day by onl}^ a piece of a 
male, which L('iper says cannot be recognized as belonging to a 
human species) - 

A. Cuticle witli spines: - 

1 . Male, four to hve large testes ; female, ovary posteriorly 
situate. Eggs, terminal spined. Development in 
suligenera and species oi Bullinjis — Ihcmaiohinm . 

II. M ale, eight small testes ; female, ovary anteriorly situate . 
Eggs, lateral spined. Development in species of 
Planorbis—M ansoni . 

I). Cuticle nearly smooth, only a few spines seen in fresh con- 
dition along margin of canal. 

Male, six to eight testes; female, ovary almost in middle 
of body. Egp with small lateral spines or thickenings. 

/ )cvel opm.ent in species of Blanfordi a ] aponicum . 

Schistosoma haematobium Bilharz. 1852. 

Synonyms. -Distomum hcrmalohium Bilharz, 1852; D. capense 
Harley, J^{)y\Bilharzia heematobia Cobbold, 1859. 

Definition. -Schistosoma with spiny cuticle. M ales \N\ih four to 
five large testes and with intestinal cieca uniting late to fomi a 
short single intestine. Ecmales with ovary in the posterior half of 
the body. Uterus veiy long, with many terminal spiiu'd eggs. 
Vitellaria in posterior fourth of the body. Development of cercaria^ 
in subgenera and species oiBiilIinus. 

BXstoxy,— Schistosoma hcematobimn was discovered in the portal 
vein of a man in 1851 by Bilharz in Cairo, and later by Harley in 
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1864 in a patient from the Cape of Good Hope. Since then it has 
been found widely distributed through Africa (Egypt, Sudan, Tunis. 
Algiers, West Coast, including the Gold Coast, East Coast, and 
South and Central Africa), which is its endemic centre, and in Asia, 
in Syria, Arabia, Mauritius, Persia, India. Only imported cases 
occur in Ceylon. 

Other species are known in sheep, h mses, oxen, etc. 

In 1915 Leiper discovered its com]>^ete life-history in the snail 
and its mkhod of entry into the vertebrate. 



yiG. 2,2.C ). — Scln stoaomci Jici’iiidfobi/iDii . 

(After Looss, from Mcmisc’s ‘ Tropeii- 
krankheilen.’) 

Tills drawing sliows tlie feiriah'^ 
worm enclosed in the gyiiieco])lioiic 
canal of the male. 


Morphology — Male. — The male is 
whitish in colour, and from 12 to 
14 millimetres in length, with a 
greatest width behind the ventral 
sucker of i millimetre. It is really 
thin and flat, though it may look 
(ylindrical, because the lateral 
margins are turned vcntrally im/aids, 
enclosing a canal, called the gyu<u- 
cophoric canal,' in which the female 
lies. The whole body is covered 
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ITo. 227.- -Kog or Schisiosotna 
JicDimiiobiuni 

(After Looss, from Mense’s 

‘ Tropenkrankheitcn.’ ) 


projections tipped with slu.r 1 p ventbl sucker is 

of the bloodvessel. The oral sucloir looks is long and 

situate near to it. There is no pharynx, but the 

covered with numerous glands, testes into a median 

sucker into the intestinal ca^ca, whic i ..ni y i situated a little clorsally. 

trunk. The excretory pore is at the ,un to a vesicula 

There are four to five testes, from the v^dUuens n ^ 

"tui^ed'bS at the beginning of the gyiuecophonc 

, • 1 I’ifMTvr ^o millimetres in length 

Female. — d'hc female worm is long, thin, (^mch thinner 

(i.r. longer than the male) and 0.25 "^ilV'tT^r wn Wusforthe colour 
lhaii the male). Posteriorly it is coloured daik except in the sucker 

of the contents of the intestine, ihe cu ic ® ^ alimentary canal is 

and at the tail end, where there are J .^nd the ovarian duct, 

much the same as in the male. The ovary is med . 
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taking origin at the ])osterior end, runs forward to join with the vitellarian 
duct from the single yolk gland, which lies about the middle of the body. 
The junction of the two ducts is at first narrow and surrounded by the shell 
gland, but it soon dilates into the uterus, which runs forwards to end in the 
genital pore*, jusi Ixdiind the ventral sucker. The eggs are bluntly spindle- 
shaped, ycdlowish in cok)ur, slightly transparent, and provided with a thin 
shell, without a, lid, but ])o.ssessing a terminal spine, which may be absent 
at th(‘ po,st(‘rior (‘iid. "l'h(‘y measure from 0*12 to om() millimetre in length 
and 0*05 l(j o-oy :^ milliimdia* in breadth, but vary considerably. 

Life-History. -Hic inimaliirc* and mature* males and 

fi'iuales arc found in the jxirtal systc'in. 

Looss tiotcs that it is not unconunon to iind males alone iu the 
])()rtal t’eiu. and, further, tlial lluyv are all of the same age. 
Itveiitually they pair, aud now ilie mak* carries the female along 
that vein down flu* inferior mtsemtend' vein to the bladder, which 
is a fairly dinx t rouU‘, but Looss considers that lliey ni^y be 
('hc‘mieally attiaetc'd to tlu* bladdi'r, for their journey is against 
th(' hi 00(1 -stream, aud tlu'y an* (uabled to pc'rform it by means 
of the bristl('s (u tlie male cuti(L'. 



Micji.m; le 


h'K.. Jlid/niHS {iy})Oivskii 

Tjscheu, 1891. 


The length of tinu' occnfded by tlu' j(U]rncy is not known, and 
])robably varies (X)nsid(‘rablv. Arri\ (.‘d in the veins of the bladder, 
tile H'al o^’iposjtion begins, and i.ooss is inrlinc'd to think that the 
female ('an jmsh Ihc* head (cdosc* to whieli is the genital opening) into 
tlu' ea])illaries, and thus lay the ('ggs <lir('(Tly into lh('S(* chaniu'ls, 
wlu'iv (]k'\’ aix' lield in ])ositioii ])y ('ontraetion of tin' cajiiJlary upon 
tlu'in. Looss thinks that it is [)robabh' that flu* woiuis may live 
tlirec' years in these v('ss('ls. ])rodueing during that period largx^ 
nmnlxM'S of (‘ggs, which woik their wa\’ like any oilier foreign body 
into th(' lumen of the bladdi'is jirobably l>y nuxins 0] llie eon- 
Iraetions of that organ . 

l.('i]X'r linds tliai in expiaimeiitally iiif(et('d monkeys eggs begin 
to a])pear about ten weeks after intection. 

During their jonnu'y through the tissues tiu' eggs increase 
in siz(' from oaeS to o-o() in lengtli and o-o ] to 0-04^/, in breadth 
in the o(.it\ ]>e to ou ; to <»'I5 /( in hatglh and 0-04 to ouP // in breadth 
in th(' urine, whih' Die I'lnbrvo develops, so lliat wlien they arc 
voided in the tirine they eontain a welLdeveloped miracidinni ; but 
during tliis journey many die and become calcified. It is not 
known how long an egg must take before it escapes in the urine, 
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but Looss points out that even the presence of an egg with a true 
miracidium is no evidence that the parent worms are alive. 

Miraoidium. — -These eggs will simply die, unless they gain access 
to water, in which they hatch, and the ciliated miracidium escapes 
and swims about. In the so-called body cavity of this miracidium 
there are genninal cells. 

Intermedialc Hosts.- -When miracidia are allowed to liatch out 
in water containing suitable and unsuitable snails, they crowd 
round and enter the former, while th(\y negk'ct tlie others. In a 
short time all the miracidia have d»sappear('d from the waiter con- 
taining suitable snails. 

The snails w])ich aie suitable are those in wliii'h Li'iper found the 
development to proceed ---viz., BiiUinits conlorlus Michaud, 1829; 
B. dvbowskii Fisclu'r. i8()T; B. innesi Bourguignat. In South 
Africa Becker has expiaamcntally implicated Biillinns [Bhysopsis) 
africanus as an intca'incMiary. 

Within these inolluscs the miracidium makes its way into the 
livin' and becomes clianged into a smooth-wallixl sac- -t lie sporocyst 
- -from whii'h are formed daughtin* sporocysts, and from these 
ccrcariie. In any casi'. the (Hn'caria. is the end of this stage, and is 
alone the infiH'tive organism. 

In some of our experiments wo so heavily infectinl our snails 
that they died, but in nature this does not take plains 

Ccrcctricc.- -If an infected snail is allowed to remain in clear wuter 
it is amazing the quantities of cercariie w^hich may escape therefrom 
into the water and swam about. 

Infection. Lciper has sliowai that tliese < (acari;e may penetrate 
the skin and infect animals. They may also penetrate the mucosa 
of the mouth and throat; and then by greelual growth and differ- 
entiation of the organs become mah' or female adult worms. 

Pathogenicity. It is usually the cause of urinary schistosomiasis, 
or, as it is bettir knowai, \’esical ] iilharziosis, but ociaisionally it 
may giAv rise to Ihlhai zial J )ysc‘nl(a v. 


Schistosoma mansoni Sambon, 1907. 

Definition, -Schistosomnm with sj)inv cuticle. Male with eight 
small tc'stes. The gut forks unite early, and hence the straight 
intestine is long. Ju-nialc with ovary in the anterior half of the 
body. Uterus viay short, with only one lateral-spined egg })resent 
at a time. Vitellaria in postc-rior two-thirds of l)ody. Development 
of ccrcaria in Planorbis boissvi in Egypt and the Sudan, and F 
olivaceus Spix in Brazil, and F. I'liadeliipensis in Venezuela. 

Historical.- —In 1851 Bilharz in Egypt noted that certain female 
worms possessed uteri containing lateral-spined eggs, and latei 
Sonsino considered that thesis worms should be made into a species 
separate from those with terminal-spined eggs, but nothing came 
of it. In 1902 Castellani in Uganda noted that some patients had 
only lateral-spined eggs in the faeces and no ova in the urine. In 



TREMATODA 


588 

1903 Manson observed the same fact in a patient froni the West 
Indies. In 1907 Sambon created a new species, Schistosoma 
mansoni, for the following reasons : — • 

1. Latcral-spined eggs are never found in the urine, but only in 
the heces, and never occur in the bladder, only in the rectum 

and liver. ^ -i 1 + f 

2. The egg is oval in shape, with a lateral spine, while that 01 
5. hcBmatohiuin is oblong and lanceolar in shape, with a 
terminal spine, and that of 5 . japomcum oval or roundish, 
with a lateral very small spine in about 75 per cent, of those 
examined by Looss. 

The lengths and breadths are different : 5 . mansoni, 112 to 162 by 
60 to 70 Jit: S. hevntatohimn, no to 120 /a by 46 to 5^^ 

S. japonicum, 75 to 90 ja by 53 to 75 /jl. 

3. The males are apparently similar, but the females have a differ- 
ence' in the genital tract, which has been described by 
Fritsch, and wiien mature contain lateral-spin ed ova in the 
uterus. 

4. The geographical distribution of 5 . mansoni and 5 . hcBmatohinm 
is different 5 . heemaiohium is alone found in the Cape; 

5 . mansoni is the only species in the West Indies and in South 
America. 

Looss in Kgy])t immediately challenged vSambon’s statements, but 
the history of this polemic will be found in the earlier editions of this 
book. We have all through felt that Bilharz, vSonsino, Manson, 
and Sambon, were right, and Ward always supported Sambon, and 
now this has been proved expt'rimentally by Leiper to be correct. 

In 1909 Da vSilva described the adult womis as follow^s:— 

Males.- 'The male measures 12 millimetres in length by 0*448 millimetre 
in breadth in the middle. The ventral sucker is 0*540 millimetre behind 
the oral sucker. 

The anterior end shows six sexual masses composed of testes and seminal 
vesicles. The posterior end is tapering. The spinous papillrc are not 
so marked as in 5 . hcPnialobium. 

I'oiuiics.- -T1i( 5 female worms measure 14*5 to J5 niilliinetres in length by 
0*1 08 millimetre in breadth in the middle. Tlie distance between the 
two suckers is 0*22.1 i*’ 0*252 millimetre, it is thickest in the middle, 
;ind tajH'rs to each (‘xtremit3r. The anus opens 0*330 millimetre in 
Iront ol the tij) of the tail. The oviduct is much shorter than in 
.S. hcvmaiobntm, ami cmiIcms the vitedline diu:ts after only a shcjrt turn. 
'I'hc' uterus contains latcMally spined eggs. The eggs measure 14O /./ by 
(»2 //,, with 18 /y as tlie length of the spiculum. The miracidium escapes 
by a transverse* rupture of the shell, and measures 153 by 72 

In ic)i I Idu. in studying the Bilharziosis in Surinam, concluded that S. 
mansoni is distinct from 5 . Jiaonatobium because: (1) 5. haematobium has eggs 
dilferently shapc*d trom those of 8'. mansoni ; (2) tlie anterior border of the 
lateral folds in the male .S’. Jnrmaiobium forms almost a right angle with the 
anterior juudion ot the body, while in .S', mansoni the transition is more 
gradual; (3) the ovaries of .S\ mansoni have always a mote or less winding 
course, a character not described for any other species of Schistosoma ; (4) the 
ootype is asymmetrical in relation to the long axis of the worm; the oviduct 
opens laterally on the ventral side where the shell gland is situate; (5) 5. 
mansoni lives in the region of the mesenteric veins, and 5. hesmatobium pre- 
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dominates in the pelvic veins ; (6) S. mansoni gives rise to an illness like kala- 
yama disease, and never to the bladder symptoms produced by 5. hcsmatohium; 
(7) the morbid anatomy of cases invaded by S. mansoni agrees with those 
invaded by 5 . japonicum, and differs considerably from those caused by 5. 
hcsmatobium, : (8) the gcograpliical distribution is in opposition to l.ooss’s 
view that the lateral-spined eggs are unfertilized because they are the only 
eggs found in Brazil, the Antilles, and Surinam. 

He also found a single type of egg with lateral spine in the uterus and 
ootype of sixty females. 


In 1915 Leiper’s work in Egypt proved that the miracidium 
developed in a special snail Plahorbis hoisscyi, and that the 
vertebrate could be infected by the sidn or oral mucosa. 


In 1917 Chalmers and Pekkola 
in the Anglo -Egyptian Sudan 
have experimentally infected the 
same snail with the miracidia, 
and obtained ccrcaria^, and in 
the same year Lutz carried out 
similar experiments in Brazil 
with P. oHvaceifs. 

In 1917 Iturbe, working in 
Caracas, Venezuela, found that 
the miracidia could infect Pla 
norbis CAiItratm and P. yitadehi- 
pensis, but the latter was more 
easily infected, and showed 
typical cercarix‘ by the end of 
the sixth week. He considers it 
to be the true carrier of the in- 
fection there. noted that it 
was easier to infect animals per 




Fig. 230. — -OuTLiNKS of thk K(;gs 
OF (i) 5 . japonicum (without 
spine); (2) ' S. hcBmatohinnr, (3) 
S. mansoni. (After Sambon.) 


l^iG. 231. — Schistosoma mansoni. 
(After Holcomb.) 
a. Male; b, egg; c, larva. 


OS than by the skin. He found go less than 120 out of 400 
specimens of P. giuuid up crisis to be naturally infected around 
Caracas. The ‘ rcdiac ’ described by him have since been recognized 
as immature stages of a new spc^cies of Tetracotyle. 

Morphology. — Sufficiently described above. 

Life-History. — The adults live chiefly in the mesenteric veins, 
and the ova pass into the submucosa of the large bowel, and througli 
this into the feces, and so escape from the body. The egg is 
oval, 112-162 X 60-70 microns, and possesses a well-defined lateral 
spine. 
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The miracidia quickly hatch when placed in water in the tropics, 
and swann around Planorbis boissyi, into which they disappear 
so rapidly that in twe nty minutes none will be visible in the water. 



Th('y pass to the li\’('r of tlu' mollusc and form s].)orocysts, rediae 
and ceac'ai'iae and finally end in cea'cariaa which, It'aving the snail 
and swii;nnin,c about tlu^ water, enter the skin or miu'osa of the 
month cir ilnoat and so infect 
man. 

Pathogenicity. -.S', niausojii is 
tlu' cause of int('Slinal schisto- 
somiasis (('hapler I.XXIX.). 



I- TCI. 233.- S ro 1C oc'YST.s oi’- Schisio- 
iiiaiisoin Sami'.OiV, i() 07 , .srii.i. 
I’AiejTAi.LV U.M inn)i>i;i) in .I'ismoc 
I'KOM Till'. LlV 1-:K 01 rill'. rLAN()Kr.lS. 

(After l.cipcr, froni ‘ Kc'st^iiiTJics 
oil ia.ii 1 fi lh;i,r/.io.sis.’) 


A 

I'To. 23.}.- CrckCAKiA oi' SoJrislosoinn 
nnnisoi/.i Sami ion, 1907. 

(After Lc‘i]M‘r.) 


Schistosoma japonicum Katsmada. Ktoq. 

Synonym. Scbisiosonunn catloi Blanchard, IP05. 

Definition. -Schislosoma with a nearly smooth cuticle. JMaJc 
with a fc'W s])ines or ]>rolubei'aiTces along the margins of the gyna^- 
co])horie canal in llu' fn'sli condition. 'Festers six to eight, irn'gularly 
c‘llijhical. Intestinal ca'ca unite* \'ery late* and form a very short 
inU'stiiu'. l^'cuhilc with ovary almost in the middle of the* body. 
Vdte'llaria do not rc'acli the* ])ost( rior I'xt la'inity. ITeriis long, with 
many c'ggs. showing .small lateral s])ines or thickemings. Dcvelop- 
uunii of rcrcarur in s])('cie*s of IRanfonha. 

History. -I'or se'\’('ral years an emdemic disease, characte'rizcd by 
enlargcmuTit (sf the lixer and spleen, fever, diariiux'a with mucus 
and blood in the motions, associated with ascites and cachexia and 
extreme' wevakness, had Ix'e'u obserx e'd in the province's of Yamanashi 
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and Hiroshima of Central Japan and Saga of Kinshu. Eggs con- 
taining a miracidium were to be found in the liver and other organs. 

Katsiirada then examined cats in the neighbourhood, and found 
numerous Schist osonici in the portal veins of two cats in the province 
of Yamanashi, in which there were eggs exactly similar to those 
found in the above-mentioned disease. Catto a littk' hit(T found the 
same parasite in a Chinaman from tlu' province of Fukien. Logan 
and others have found it in Chinamen in the province of Hunan, 
Nicols in a case from the Philippines and Manson and Sam bon in 
cases from (diina. 



Kig. 2S5). — -SohisfosouKi jafyoincuiii Ivatscjkada, laoj. XTali-: and 
Female, (lu-oiii a, pliotogrjL])!! by J. J. liell.) 

With rc'gard to the life-history, in i()o8 Fujinami and Nakamura 
immersed cattle, cats, and dogs in water containing many miracidia 
from 5 . japonicuin, but no infections followed. I'hc'y tluai immersed 
a second series in rice-tields. ditches, and streams, rc'putt'd to be 
sources of infection, and heavy infex'tions with S. japoiiicum resulted, 
the young ])arasites, 0*15 mm. in length, being found in the portal 
system on the third day afha' immersion. 



Fjg. 2 F). Schistosoma japomcuni Katsurada, ujo.j. l’'h:MAia-:. 

(From a photo^ra,ph by J. J. Hell.) 

In IC)IT Miyagawa descadbed smaller forms as seen in the cutaneous 
tissues and peripheral vesseds in two to twcaity-four hours aft(‘r 
immersion. 

In 1913 Miyairi, experimenting with local snails, found a s})oro- 
cyst in an uniden tilled snail. 

In lc)T4 Miyairi and Sudzuki found a snail with a dark shell with 
seven spirals to b(^ heavily and naturally infected witli ('ercarke, 
and, taking non-infected young samples, were able to hud that the 
miracidia penetrated the c uticle of the snail, and found tlndr way 
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to the gills and the wall of the alimentary canal, where in twelve 
days the first redire appeared and gradually concentrated in the bile- 
ducts, where they grew and formed second 

@ r{xlia\ Mice were immersed in the water in 
which tlie full-grown snails were kept, and 
alter Ihit'e weeks many 5 . japonioum speci- 
mens \\v]v found in their livers. 

In 1014 Leiper confirmed this work in Japan, 
having n^cognized morphologically the cer- 
(ari^e originating in sporocysts, mistermed 
rediae by the Japanese authorities. The 
ntpoMi- mollusc in question was named Katayama 
cimi. fAfi(“rT'(M|)(T.) nosopJiora. Kaiavama is a synon3mi of 
BLanfordia. 

In iqit) Narabayashi showed tliat man, cattle, horses, goats, pigs, 
cats, and dogs, are naturally infected by vS". japonicum, which con- 
tains ferments which can digest albumen in an alkaline medium. 
He also founu that in dogs and guinea-pigs, after penetrating the 
skin, most of tin' ])ara,sites enter the venous blood- stream, though 
sojne few enter arteries or lynqdiatics. Eventually they all enter 
the right side of the heart and are scattered all over the lungs, at 
th(‘ bases of which tlu'y collect and then migrate through the 
mediastinum, diaphragm, and liver into the portal system, while 
a few re-enter the circulation and reach the rectum. 


Morphology.- In general it resembles S. hunnalohium, but the 
cuticle of the female is smooth and that of the male has only the 
few sf)ines mentioned above. There are no ‘bosses.’ 

A/a/c.- -8-19 millimetres in length, 0-53 millimetre in breadth, with 
acetabulum larger than oral sucker. Oesophagus with two bulbs. 
Junction of intestinal ca^ca far back, and united intestine only one- 
lifth to one sixth of body length. The lateral excretory canals open 
into a dorsal pore. Testes six to eight in anterior part of hind body, 
from which tlie vasa efferentia unite into a common vas deferens, 
which opens just behind the acetabulum. Seminal vessels present. 

Female, — 8-26 millimetres in length and about o-q millimetre 
in breadth. Suckers anned with fine spines. Body thicker behind 
ovary, behind which gut forks unite. Ovary elliptical, dilated 
])chind. where the oviduct arises, and running forwards joins the 
vitellarian duct. Vitcllaria well developed, lying bcEind the 
o\'ary, but not quite reaching the posterior end of the body. 
Shell gland at the junction of the oviduct with the vitellarian duct. 
Canal forms an ootype. and then becomes the uterus, which opens 
just behind the acetabulum. 

Life-History. — The t‘ggs vary from 50 to 300, and in uicro are soft, 
and so can form various shapes. Ex utero they are oval, faintly 
yellow, and double-contoured. 83*5 x ()2*5 microns, and have small 
lateral spines or thickenings, and at the opposite side cap-li]^e 
thickenings. 

The miracidia hatch out quickly and develop into cercariai in 
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Blunfofdiu nosophora. The cercaria is barrel-shaped, tapering 
towards the anterior end, mouth with two short lancet-shaped 
bristles. Small ventral sucker at posterior one-sixth of body. 
Hinder end with three pairs of poison glands, from each of 
which a duct runs forwards to open into the mouth. Two pairs 
of laterally placed flame cells with vessels. In the middle of 
this body there is an oval light brown body with a small anterior 
canal. The cercariae penetrate the skin, pass via the veins to 
the heart, and so to the lungs, from the bases of which they 
penetrate the mediastinum, diaphragm, liver, and so enter the 
portal vein, from which the eggs pass lo the submiicosa and mucosa 
of the colon and cause growths. The adult worms can live at least 
two years in the vertebrate. 

Pathogenicity. — The cercariae, while entering the skin, cause the 
disease kahure, and in the body katayama disease. 

Christophers and Stephens’ Schistosoma. 

Christophers and Stephens in 1905 descril)ed a Schistosoma ei;g which 
differs from the usual descriptions, and may belong to a new and as yet 
unknown species or genus; but it was found with ordinary 5 . Jurmatobiiuv 
eggs, and may therefore be an abnormality. The egg was found in 
Madras; it was of an elongated, spindle shape, with a long snout-like 
process extending from the broader end (20^2 // by 53*2 /x). 

New Schistosoma. 

In 1904 Salomone and Belli found portions of a worm which they think may 
be a new Schistosoma in a patient suifering from hai^maturia contracted in 
Brazil. It nuiy, however, have been a 5 . maiisoni, which very occasionally 
occurci in the bladdc'r wall and is <1 common inf' ction in Brazil. 
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CHAPTER XX\' 

C E S 1' O I ] ) K A 


Ccstoiciea — History— Morphology— -Life-History — Habitat — Classification 
Ostodes in man- Ivefcreiices. 


('KSTOIDEA RuDOLriii, t8o(S. 

Definition. -Platylielmia without alinK'nIary canal in any stage 
of the life-cycle, with segmented body, in which the epidennis, whicli 
has sunk into the parenchyma, secretes a thick cuticle. Lime- 
secrc'ting cells are developed in greater or less number, and form 
calcareous conendions. Organs of fixation of a variable character are 
developed. The habitat of the adult worm is typically the intestine, 
and that of the laiVal fonii some other part of the body, normally 
that of another host . 

History. — It is believed tljat cestodes wen' known to the ancients, 
and tliat the n'ason wh}^ Moses, who figures largely in th(' hisiory 
of fropical Mi'dicine. foii)ade the Israc'Iites to eat ])igs and such 
animals, was bex aus'c of the parasites known to exist in tln'ir flesh. 

Aristotle knew tin' ])rogIottides of tapewonns, and as early as 
1592 I'ccnia was distinguished from Bothriocepha/us. Tyson (1083) 
discovenxl the lu'ad of the tapewomi of a dog. I'tedi (1687-1705) 
cami' to tin.' conclusion that Cysiicerci were animals, and Zvi\vY 
(1800) formc'd them into a separate group, Cystici ; but Khchen- 
meister in 1851 ju'ox’ed by h'cding experiments that these wen only 
tlio larva* of la])eworms. and that, as a rule, two different ki]ids of 
animals were n'quired as hosts in ordc'r that tlu' life-cycle might 
take place. 

Leiickart, Braun. Fiilimiann, Looss, Sonsino, Grassi. Blancliaid. 
von Lin stow, Liilie, vS tiles, Leiper, and Sam bon may be mentioned 
as investigators who have greatly improved our knowle dge of these 
parasites. 

Morphology.— -Thcj c arc two groups of cestoOes, one called the Cestodaria 
coiilaining genera with only a single segment, and another Cestoda, in the 
restricted sense ol the word, which iiiclncles all forms possessing a scedex and 
segments. It is with tliis lattc'r group that Avt* are now concerned. 

The trill' cestodes are easily recognized by their band-like segmented body, 
which is usually ol a white colour. They are broad and large posteriorly, 
becoming narrower and narrower till the jdace is reached where they arc 
attached to the intestinal wall. 'I'his anterior end is called the ‘ scolex,^ while 
the segments are called ' proglottides.' The scolex is divisible into a broader 
anterior portion called the head, and a narrower posterior portion, the neck. 
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The head is provided with muscular suckers, which keep it attached to the 
mucous membrane of the bowel. Often there are also hooks present on some 
part of the head, not infrequently on an anterior pro- 
jection called the rostrum. The neck is constricted, 
and shows posteriorly faint rings indicating the com- 
mencement of new segments, which are always formed 
from the neck. 

Behind the head come the proglottides, tlu' youngest 
being those situated anteriorly, and the most fully 
developed posteriorly. Their number is very variable, 
and their size increases from before backwards. They 
r.ontain the male and female sexual organs. 

The whole surface of tl.e worm is covered by a thick, 
non-chitinous cutic> said to conta n a quantity of lime 
salts, under which lies a basal membrane; beneath this 
come the cuticular muscles, and then the cortical 
parenchyma, in which lie the sunken epitludial cells, 
nerve cells, sense organs, excretory cells, etc. Among 
these cells are peculiar calcareous corpuscles, varying 
from 3 to 30 /,/, in diameter, and having essentially the 
structure of a fat cell- — that is to say, they are composed 
(d concentrically deposited calcareous material cncloscHl in a cell with a, nucleus 
at one side. These corpuscles are highly characteristic of a Cestod(‘. The 
caJcareoLis matter is composed of 79 per cent, organic matter and 21 per cent, 
of lime salts, in the form principally of the carbonate, but also of an albuminate 
and a urate. Their function is not understood; perhaps it is skeletal, perhaps 
protective. 



1 T(>. 239. -Mature .Segment of Tesnia saginata Goeze, 1782. 

(After Leuckart.) 

In the cortex come the longitudinal muscles, beneath which are the trans- 
verse muscles, which enclose a central area of the parenchyma called th(* 
medullary layer, and therefore separate cortical from medullary layers. 

There is no alimentary canal, and the excretory system with its flame cell 
terminations consists of anastomosing capillaries emptying into a dorsal and 
ventral collecting tube on each side of the body, which run from the scolex to 



I'L pS. HilAI) of 
Tcruia 

(Alter L(‘uckart.) 
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the last proglottis, where Ihcy open to the exterior. In the originally pos* 
terior proglottis there is a pear-shaped excretory vesicle in the middle of the 
posterior edge, but this arrangement is lost when this proglottis drops otf, and 
then the tubes open as a rule separately on the last ])ioglottis, Ihe nervous 
system consists of one ganglion in the scolex and two nerve cords. The 
generative organs gradually develop in the proglottides as they grow older, 
the youngest having no trace of them. With the excc] tion of the end por- 
tions, these organs lie in the medullary ];iy(T of the body. 

The male organs, which arc the first to reach maturity, usually consist of 
numerous follicular testes scattered ov^r the dorsal portion of the medullary 
layer, but may be consolidated into one to three glands, ihe efterent ducts 
from these unite about the middle of the proglottis into a vas deferens, which, 
aftc] a wavy convoluted coiirs(\ enters a cirrus pouch and terminates in the 
g(uiital atrium near the vaginal orifice. 

'rh(' femal(‘ reproductive organs consist usually of two ovaries, which lie 
near the ventral suifaceof the medullary layw, from which a common oviduct 
1 tins to join with tli(‘ spermatic duct, which, after travelling a ( (‘rtain distance, 
is dilated to fo in a eceptaculum seminis, and continued as the vagina to the 
female opening in the genital atrium. After the junction with the spermatic 
duct, the ovidnet is joined by the common duct (d the yolk or vitell(jgent‘ 
gland or glands, and then, forming tlu^ obty^ic, receives tlu* ducts of tin* sliell 
gland, and jxissc's on to enter the iitinais. This is usually a. blind tube, but 
ma/y o]0('ii by a sjx'cial ajKTture on the same or the o])|»osit(^ siirfac(‘ to that on 
which tli(‘ g(Miila,l afrium is found. 

Wlu*n ilu' uterus b( comes laden with eggs, it is apt to a.lter its apjx'a.ranco 
a,nd become branched, and grows, filling up the ]>roglottis, whih' the male 
gmu'rative organs atrophy and disappear {vide Tig. p. (u -i). 

Life-History. -\'\w ju-oglottis can fertilize itself with or without 
tin' use of t}i(‘ ('inns, or diff('rent proglottides may UtUHzc one 
allot In ease, the reeeptacuhun seminis reeei\ ('s the sper- 
matoz(xi, wliicli tniv('l down the s])ermatic: duct, and. meeting the 



h](i. 2.p>.- rri'KixK E(.(; of Tcruia 
saginata. (X373-) 

(.After l.eiickarl.) 



JT(.. 241.— Ovum 
of JJiboihrio- 
cephalus lahis. 
(After Teuckart.) 



Fig. 242. — 
F^iCAL Fgg of 
Tcenia solium . 

(X3o())- 
(After Lt'uc- 
kart .) 


ovum, fertilize it. The fertilized ovum now obtains its yolk 
(vitellus) and its shell, and then passes into the uterus, from which 
it may escape by the uterine [orihee when there is one, or not until 
the proglottis is destroyed. 

Development usually begins in the uterus. An egg is as a rule 
oval in fonn, enclosed in a brown or yellow shell with or without 
an operculum. This shell contains food yolk and the developing 
embryo, whose cells form two membranes — an outer in contact with 
the shell, and an inner in contact with the embryo. 
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The outer envelope and the shell are soon lost, and when the 
embryo appears in the faeces it is surrounded by its inner envelope, 
the embryophore, and hasi developed six hooks. In this stage of 
development it is called an onchosphere. 

It will therefore be evident that the so-called egg as seen in the 
faeces is not an egg at all. but the onchosphere with its embryonic 
envelope, which in certain species may be ciliated. 



FK'r.243 . — ^Free Ciliated Emdryo 
OF Dibothrioc( phalus laius. 

(After Leuckart.) 


When the onchosphere enters 
the alimentary canal of a new 
host, generally of a different 
class from the original host it 



J"iG. 244 .— "Cysticercus of TcBnia 
saginata Goeze, 1782. 

(After Leuckart.) 


11 1 rows off its envelope, and works its way into tlic tissues by its 
liooks until it arrives in some suital)le organ, when it throws off its 
hooks, encysts, and fonns either a little bladder-like cyst, from 
the wall of which the scolex develops (the whole being called a 
‘ (Cysticercus if the cyst is small, it is called a cysticcrcoid ; and 
if in addition it has a caudal ap])endix, a cercocystis ), or it 
develops directly into the scolex without the intervention of a 
cyst, forming a plerocercoid (7rA//g>/s, full; KepKo^, a tail). Ihese 
wanderings of the onchosphere in s(‘arch of a suitable' resting-place 



[I 




Fig. 245.- -Pllrocekcoid (’ Dibothriocc phalus laius. 

(After Leuckart.) 


may produce unpleasant symptoms if there are a number of 
parasites. The time occupied in the transformation of an 
onchosphere into a Cysticercus varies, being from two to six 
months, or longer. 

With but rare exceptions the Cysticercus does not develop 
further until it enters another and different host, though some, 
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like Hymenolepis murina, which is said to have its larvae in 
the villi and its adults in the intestine of the rat, infest only 

one host. i u 

Often the Cysticercus is found in a herbivorous animal, while the 
tapeworm occurs in a carnivorous or omnivorous animal. Infection 
is direct by feeding, for in the alimentary canal the cyst dies off, and 
leaves the scolcx, which develops in the course of a few weeks into 
an adult tapeworm, whose span of life appears to be about a, year, 
but may be much more or much less. An example is Cysticercus 
fasciolaris of the mouse, which becomes Tcenia crasstcollis in the cat. 
Abnormalities are often met with in the segments. 

Habitat. — As a rule the adult lives in the alimentary canal usually 
of a vertebrate, but they may be found in the liver and panciyas. 
They are capable of active movements during life. Food is obtained 
by osmosis from the contents of the alimentary canal. 

Classification.^ — The classilication followed is that of Monti- 
eelli, given by Braun in Broun ’s ‘ Klassen und Ordnung des 
Thierreichs.’ 

The Cestoidea Rudolphi, iSo8, are divdded into Cestoidaria Monti- 
celli, 1892, which are Cestodes consisting of a single segment con- 
taining a single set of rej^roductive organs, and Cestoda sens// stricio 
Monticelli, 1892, which are the typical cestodes with a scolex and 
segments. The subclass Cestoda are divided into orders as follows : — 

Cestoda vSensu Stricto Monticelli, i8()2. 

Synonyms.- -Pollaplasiogonei E. Blanchard, Cestodes digeneses van 
Beneden, C. polyzoa Lang. 

Definition.- -Cestodes in which the adult worm consists of a 
scolex and proglottides. 

Order I. Fskudopiiyi t.idka Cams, i86j.-'Synonyms.- -Be/^no- 
cephaloidea.- Scolox armed or unanned, with two usually slightly 
developed, groove-like suckers, with three genital orihees. Vitel- 
laria situated laterally. Eggs with or without a lid. 

Order It. Tetkaimiyllidiya Lter/es.— Scolex armed or unarmed, 
with four very motile pedunculated or sessile bothridia, or with 
four round suckers; no uterine orifice; cirrus and vagina open at 
the sides. Vitellaria situated laterally. 

Order 111. Cyci.opiiyi eidea va/i Beneden .- — Scohx with four 
suckers, between which there is an apical rostellum with or without 
hooks; segmentation distinct; no uterine orifice; vitellogene gland 
single, placed behind the ovary. Eggs without lids. 

Order TV. Diphyi.mdea Cams . — Head stalk armed with book- 
lets, with solex. rostellum, and two bothridia. 

Order V. Trypandriiyncea Diesing .- — Scolex with two or four 
bothridia, and four retractile armed rostella. 

The only orders which contain parasites found in man are I. 
and III. 
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CESTODES IN MAN. 

The cestodes which are found in man may be classified as follows : — ■ 

Subfamily. Genus and Sul)-enns. Species. 
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^ I ta-ma, {f) 


Davaincina' 1 )avaiiioa 


[ TfOnia 


\ XaeniinoD ^ 


I'aMiia 


l';ciiiarhvnchu.s 


Echinococcus 


( 1 D. latus. 

; 2 D. cordatus. 

3. D. parvus. 

4. D. graiidis. 

5. D. bra uni. 

0. S mansoni. 

7. S prolifer. 

I 8. S. baxteri. 

(). B. jassyeiisis. 

10. D. caninum. 

( II. II. liana. 

\ 12. IT. diininufa. 

1 3. 11. lanc(‘ola.fa (?). 

/ 14. D. iuada.gascar)eii- 
sis. 

I 15 1 ). asialica. 
i(). T. solium. 

17. T. .sagiiia.ta. 
icS. T. africana. 

19. T. hominis. 

20. T. philippiiia. 

21. 'W confusa. 

22. T. bromneri. 

23. R. gramulosus. 

\ 23. M. multilocularis. 


Two tapeworms are not included in this list -Tcenia (Tesnia) ienicsfori'nis 
Bloch, 1750, a tapeworm found in cats, and T. (Tesnia) pisiformis Bloch, 17S0, 
a tapeworm found in rabbits — because no definite evidence exists that man 
has ever been infected by them. 

At the time of writing, man alone is known to be the host of the 
adults of the following worms:- -VcBnia solium, T. saginata (there is 
probably no doubt about this), T. africana, T. hominis, T. philippina, 
T. confusa, T. hr&mncri, Dihoihrioccphalus parvns, Hymcnolcpis 
nana (?), Davainea madagascarionsis, D. asialica. Other hosts may 
yet be found. 

The following are only occasional parasites in wyoaw- -Dihothrio- 
cephalns latus (true host may perhaps be the dog ?), 1). cordatus 
(true host, the seal and walrus), Uvmenolepis diminuta (true host, 
the rat and monse) : Drepanidotcc nia lanceolata (true host, ducks and 
geese). 

Therefore in man there is tlie qw stion of intestinal heniiases to 
be considered. But cysts may also develop in man from T. solium 
and Echinococcus granulosus and multilocularis. From the species 
of Sparganum larval forms give rise to somatic ticniiases. These 
affections, with their treatment, will be considered later, as will the 
treatment. 

It must be noted that the cysticercus of T. saginata is not included, 
as it is very doubtful whether it has ever been found in man. 

Cysticercus acanthotrias Weinland, 1858, is the same as C. ^^llulosce 
— i.e,, the larva of J. solium. 
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The following tables, modified from Stiles, may be of lieJp, as 
they give the names of recognition of tlie genera, and the species of 
Tcenia, as dcteniiined by the head or the segment, and also a scheme 
for recognizing the eggs. 

Table of Genera. 

A. Head witJi tu'o elongated or slit-like suckers; uterus forms a rosette; 
geni t.'d })ores ventral — Dihoihrioccpluilidcv. 

1. 7 V?/;>Ci'eern/.s.~ Single set of genital and uterine pores present in 
uualinni vtnitral line — .Dihothrioc.cphalus. 

hoiible set (d uterine and genit.d ])ores present in venlro- 
SMbuK'diuju lijK'S— Di plogouoporus. 

II. rin'oi cyroKis {Spaipamtiu).- I’lobably kuNail forms of this group. 

II. lie id with four <'iip-sh;ip(‘(i suck(‘rs ; uterus does not lorin ;i, rosette; 

gciuf.d j)ores latcu'.il- Tysiriida-. 

1. I.aigc forms, ript' s<'ginents <> to 35 nlillilnctr(^s long. Uterus 
uK'dian, ndth later.d branclu's-- 1 cniin. 

1 1. Siitidlcu* iorins. ripe segments uj) to 7 niilliimdnss long, 

\a) (lenit;i.l j'lores single, r(jslcdliim with no more Ih.'tu two hooks. 

(i) Sinkers not armed, d'iiree ti'stiss in each segment- • 
li ynncuolv pis. 

fe) Suck(‘rs armed willi hooks, 15 to 50 ti'stes in each 
segrnejit- Davainca . 

(//) (hmital ])ores double, rosl<‘lIum Avilh .seei'ral I'ows of liooks - 
lUpyiidiiim. 

Table of the Species of Taenia found in Man. 

A, Sm-:ciMEN is a 'I'apew’orm. 

Head Characters. 

I. Head armed with hooks. Sid)g('nus; Tcrnia. Species: T. soliun). 

11. Ih'ad unarmc'd. Siibgenus: TaniiaiJivnchus. 

(1) C'irculaT ring around head beJiind the suckers, which are 
diri'cted postcrio-auteriorly- 7'. honiinis. 

{■2) W’itlujut circular ring. 

(a) Head cuboid, 1*3 to 2 millimc'trt'S in diameter; suckers 
0*7 to 0'8 millimetre in transverse diameter- 
7'. siifiinaia. 

[h) Head small, 1-38 millimetres broad, 1-03 millimetres 
thick, 0'.^7 millimetixi long; suckers 0*63 millimetre 
in transverse diameter- — 7'. nfricana. 

{c) Head small cuboid, 1 to 1*3 millimetres in diameter, 
0*73 millimetre thick, and j millimetre long; suckers 
0*34 to 0*37 millimetre in Ireiiisverse diameter- - 
T. philippina. 

III. Iksul not known — T. confusa, T. hrcmucri. 

Segment Characters, 

1. Scg)}irnt Lojigry Ihan Broad. 

(a) Only in the last 100 segments — T. saginain. 

[h] In the last halt of the Avorm- T. soliitin. 

(r) In nearly tlu‘ entiri' Avorm— 7'. coafu^a. 

{d) 1 11 t hc^ entire Avornv T . africaria . 

(e) Known segments very large, 28-() by 8*3 millimetres on an average — 

T. bre7nfieri. 

(f) Unknown.- 7'. honihus. 
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IJ. Segment Broader than Tmng. 

Except in the terminal segments, which are equilateral or slightly longer 
than broad — T. philippina. 

B. Specimen is a Cysticercus. 

1 . Small bladder-worm with one scolcx — Tesnia. 

(a) Head armed — T. soliitni. 

[b) Head unarmed (very rare, if ever present)- - 7 '. saginala. 

H. Larg(‘ bladder- worm with brood t;;ipsu]es, inside which are the 
s( (j 1 ires Jichinncoccus. 

(' Spjccimen is an Eog. 

1. Willi a,n o\,cxc\\\mn—jyAtothyiocrphalidcB. 

()« to 71 >' 45 to 50 /r -/). latns. 

75 to 80 // X 3<-> {i O. cord at us. 

0^ • j8 //to 50 fi. In'ownisli - I), grand} s. 



Fig. 246. — J )i.botlirio- h'ig. 247.- — Tcenia Fig. 'i.\\^.— l)ipyHdium 

cephahts latns. solinni. cavinnni. 

I'los. 246-248. ICiais OF Cestooe Worms EK(3M Human F'^eces. 

(From [ihotograplis by J. J. Bell.) 

II. Without ail o})ereulum and with a six-hooked inwhcyo-- -T ceniid ce . 

(a) Egg with a, thick, radially-striatcd, inner shell or enibryo 
phoH' 

( a ) Emliryophorc round or oval, 39X 33 Africa — 

T. africana. 

(ji) Ihnbryojihon^ oval, whitish to yellow, 39X30 /2. 

America- — J\ confusa. 

(c) Embryophore, 38X30-4 jui. Africa — T. bremneri. 

( d ) Embryophore oval, 35 to 41, to 35 fi. Philip- 

pin(‘s 7 '. philippina. 

(e) Embryoydrore, ovoid, rusty brown, 35 to 40 // X 20 to 

30 f.1. Cosmoy^olitan and common — T. saginata. 

(f) Embryophore almost round; brown; 31 to 3^) //,. Not 

uncommon in the troyncs — T . solium. 

(0) Egg and tunbryoydiore unknown. Asiatic I 4 ussia — 

T. horn inis. 

{b) Egg with a thin, membranous inner shell. 

(1) Not in Capsules — Hynicnolcpis. 

(a) Egg oval or globular, with two distinct membranes 

outer 30 to 60 ju, inner, 16 to 34 jn - — mamrnillate 
projection at each pole— 77 . nana. 
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{b) Egg round or oval; outer membrane. 54 to 86 

yellowish; may be radially striated; inner 
membrane, 24 to 40 /rXso to 35 with not 
very evident mainmillate projection at each 
pole — H. dim w Ilia. 

(c) Egg oval or spherical; outer irK'mbrane, 50 to 
100 [I X 35 inner ineinbrane, 30 to 40 

X25 //; occasionally pohir papillae; very rare 
in man -//. lanceolata. 

(j) in Capsules. 

{(() Jught to twenty eggs in a capsule; egg spli(U-i(-a], 43 
to 50 n Dipylidiuni cavinum. 

{(>) One to Ihrett eggs in a. capsule, with calcareous 
corpuscles. Eggs with two shells and two 
niaimniilate projections; onchospluTe, tS // - 

Da vaiu ca wad agascaviensis. 

(c) Egg ca])sules wi thout calcareous corpuscles ; mature 
(‘ggs not obs(Tv'e(l- D. asiaiica. 

ORDER 1. PSEUDOPHYLLIDEA Cams. 

'J iiis order lia,s thr(‘(‘ families: (i) I)ibothrioce])halida‘; (2) Ptychobothriitla' ; 
(3) Am])liitretida'. I'lie hrst only c.ontiiins human parasites. 

I'MiiiLV .DiuoTJiuionaufAjaj)/!' - Pscmdoidiyllidre, with variously developed 
siu'.kers, and a uterus which lonns a rosette. Eggs wdth opercula. There 
are tw'o subfamilies with s])ecies found in man: (i) Dibothriocephalinay 
(2) Ligulina*. 

vSirjjj‘’AJ\nry i. 1 ‘inoTiiRiocEJuiALiNa^. — The suckers or botliria are more or 
less tlt'linite slit-like furrowes. rroglottidcs distincl, and drop otf in groups, 
(ienus ]. hihothriotc l>hahis ; Cieiuis 2. J )i plogonopoyns ; Genus 3. Spavganum. 

Dibothriocephalusfaihe, 0599. 

Sty}\owym.s. - JUphvUol>oihriiim Pobbold, 1838 (ctmsidejed to be coirectname 
In' some authors); Doihviocc plialus pyo paric Eudolphi, 1811); Dibothrius pro 
partr Kmiolphi, 1810; Diboihrinni pyo /hirir \ Ho.X\ug, 1850. 

l)il)othrioce])haliiKe. with ;i more or less elongated, unarmed scolex with 
liat suckers cutting d('(‘j>ly into the lu^id. vSingh' g(uiitalia, Jii (sich proglottis. 

(i) DiboiJir/orrjd/dlifs la/us ; (2) D. loydaiuy ; (3) />, rris/aius ; (4) JJ. parvus. 

Dlbothriocephalus latus Linnaus, 1 748. 

Synonyms,- - 'Dnua laUi\.., 1718; r .vulgavisl^., 1748; 7 . Pallas, 

1781; 7 . toit'lla 1 ’alias, 1781; 7 '. dcnlala Patsch. i78<); I'. griseu ikdkis, 1796; 
Duihrioc tphalus Idius J>renis('r, i8ig; Dibotlirium Latus \y\Ohin\^, 1830; B . balticiis 
Kiu htuimeist(‘r, 1853; B. crislatus l)a\:iiiu‘, 1874; B. latissiytius Bugn, 1886. 

History, — J lus tajx'worm has long bcaui known in Europe, especially in 
h'rench Swat/eiiand and the Jkdtic provinces, Cierniany, and in many other 
parts. 11 is, h(nv(wa'r, well knowui in Asia. 'J'nrkestan, and Japan; in Africa 
about the Take JS'gaini, in Madagascar, and in Nortli America. 

It occurs ]]i ina.u, and dogs and cats. 

Morphology. -It is about 9 metres in huigth, with some 3,c>(>o to .[,100 seg- 
ments; colour yellowish-grey. Scol(*x elongated, aluiond-shap(xl ; 2*5 milli- 
metres in hmgtli, wath tw'o deep laterally place suckers. Neck very narrow, 
and of variabh‘ length. 

Proglottid('s very broad (10 to 20 millimetres), breadth being greater than 
the length; postero-laleral angles project. Testes situated dorsally; vas 
deferens lias a. vesicula seminalis and a cirrus sac wdiicli opens dorsally. 
Vaginal opening directly beliind this, leading into a receptaculum seminis. 
Yolk glands in pairs, shell gland behind, ovaries on each side of the median 
line beliind. Uterus is arranged in a rosette, with four to six convolutions. 
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and possesses its own separate opening. The genital orifices are two in 
number: a transverse slit for the cirrus pouch and the vagina, and a posterior 
roundish opening for the uterus. Calcareous bodies present. ’ The brown eggs 
are oval, 68 to 71 ^ in length, and 45 jll in breadtli, with an operculum. 

Life-History.' the egg remains undeveloped for i longer or shorter time, 
and eventually a six-hooked onchosphere, enclosed in a ciliated embryophore, 
escapes through the lid opening, adtcr undergoing a preliminary development 
in a species ol Cyclops; then g ts into certain fish, particularly Esox Indus 
(pike). Lota viili^nris (Miller s Jiumb). Ptrca fluviaiilis, Salmo umbla, Truita 
vulgaris, T hicustns. Thymalis vulgaris CoregouMs lavaretus, C. albula, and 
dnchorhynchus perry i, in ‘he muscles of .vhich it becomes a pleroccrcoid. 

When these fish are eaten, the pleroccrcoids (piickly develop into the tape- 
worm, eggs appearing in tlio keces in some twenty-one to twenty-four days. 

Habitat. — Man, dog, cat, and fox. 

Pathogenicity, — It produces a severe form of anaemia, together with fever 
(99° to 104° F.) in some cases, and a ([uick p)idse, which is supposed to be due 
to the action of a toxin. 

Dibothriocephalus cordatus K. Tauckart, i86p 

Synonym. — Uothriocephahis cordaius R. Lcuekart, 1863. 

The parasite is commonly found in the s..‘al, the walrus, ;uul the dog in 
(Greenland and Iceland. It may infect nuir. 

Morphology. — The princijial features are the short, broad, heart-shaped 
liead with the grooves on the. flat surface, the absence of the neck, and the 
length only i to ij- metres. Uterine rosetl(\ with six to eight loojis. Eggs 
with lids 75 p in length by 50 p in breadth. 

Dibothriocephalus parvus Stephens, 1907. 

This parasite was found by Elkington in Tasmania, in iqoo in a Syrian, agc(.l 
t liirty-seven, who had not long arrixaul from his native country. 

Morphology.- Sculex not known. Pi’oglotti(h‘s with < learly dt'Jincd, ( ('ntral, 
uterine rosette, with four to livi'; loops on (.su.li sidr of the median line; largest 
segment, 5 by 3 millimetres. Genital atrium 0-4 to 0-5 milliineti-e behind 
tile anterior margin; ntorinc opening sanu’; distance? behind tin? genital atrium. 
Calcareous bodies were not seem, i^'-ggs, 59 by 30 p. 

Diplogonoporus l>onnberg, 1892. 

Synony m.~J<rabbca R. Blanchard, 1894. 

Bothriocephalinje with short scolex, powerful suckers, uo junik, and two 
sets of genitalia side by side in t?aeh ])rogiottis. 

Type Species. — Diplogonoporus haUvnopterm Eonnberg, 1892. 

Diplogonoporus grandis R. Blanchard, 1894. 

Synonym. — Krabhea grandis R. Blanchard. 

So far this parasite has only been observed twice in Japanese in 1 lioyo, 
Japan. 

Morphology. — Scolex unknown. Pjoglottis, 1*5 millimetres bioad in front 
and 2*5 millimetres broad Ixdiind; vany short, only 0-45 inillimelre. d'wo 
ventral grooves on either side of the median line with the genital pores. Uterus 
with lew loo])S. Eggs brown; thick shells, 63 to 48 p in length and 50 p in 
breadth, with 02)ercula. 

Diplogonoporus brauni Leon, 1907. 

'fwo specimens of this worm hav e been found in Roninania. 

Morphology. — The worm ])resents the appearance of a thick, opaque, 
greyish ribbon 12 centimetn^s in length, marked by slight transverse rings and 
with a dorsal and ventral sucker, which mark a division of the head into 
two unequal parts. There is no neck. The genital orifices are double, witli 
a double genital apparatus in each ring. The vitellogene glands are situate 
peripherally. No genital sinus, no calcareous corpuscles. 
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Sparganum Diosing, 1850. 

A collective group of larval stages of Dibothriocephalid^ which 
have not readied a stage in their development at which they 
can be determined g(‘nerically ; Sparganum inansoiii, S. prolifer, 
S. haxleri. 

Sparganum mansoni Cobbokl, t88j. 

Synonyms. A / niausom Cobbokl, BothriocepJialns ligid- 

loides R. L('uckart, i(S8(); Dihoihrium mansoni ArioJa. 1900. 

7 'iiis larva was found by Manson while making a post-mortem on 
a ('hinainaii in Amoy, lying under the peritoneum near the kidneys 
and over ilu' iliae fossa*; he also found one free in tlie pleural 
cavity. Schc'iibe disc:overed another specimen in the urethra of a 
Ja])anese, and Sonsino a third in an Egyptian jackal. 

Morphology.- Long, white, ribbon shaped parasites, with feeble 
inovenK^nts. No head or delinite structure visible. Length, 30 to 
35 c(‘ntim( 3 res ; bn'adth, 3 to 12 millimetres. At the broader end 
then* is a sort of papilla, 'i'here is no laproduction by fission. 


Sparganum prolifer Ijima, 1905. 

Synonym.- ■Plcvoccrcus prolifer Ijima, i()o5. 

In 1905 Ijirna. found this worm in a woman living near Tokio, 
and in i()07 (kites found tin* same or a similar wonn in a man in 
Manatcu', U.S.A. 

Morphology. Tlie larva, which lies (‘iiclost d in a cyst, may attain 
r to 12 imllimetix> in length by 2-5 millimetres in breadth. The 
head at the narrow end is motile, and capable of evagination and 
in\ agination. It shows an apical depression, which perhaps serves 
as a sucker, but there are no true suckers 
or other organs of attachment. 

( alcareous s])herical corpusch's can be 
found anywhere, except in the head. No 
genitalia are to be seen, but there is a good 
f / i mnscular and excretory system and food- 

reser\a' bodies. It can multiply by trans- 
vtM'se division, and supernumerary heads 
may become independent, and may assume 
bizarre and irregular shapes. The adult is 
unknown. 

Habitat. It livi's in the subcutaneous tissue and elsewhere in 
man. 





hi 


ja. SjHU'f^ciHuin 

prolifcy Ijima. (.Mtc-r 
Slih's.) 


Pathogenicity. -It prodmes nodules in the skin and fascia bc*- 
twr(‘n tlu' muscles and in the abdominal cavity. Associated with 
these nodules there may be considerable swelling of the integument, 
and, in lact, a condition not unlike elephantiasis may arise. Also 
there may be acne-like s])ots all over the body causing itching, 
which may lead to the escape of a w^onn from the spot. When a 
nodule is cut open, a cyst is found containing one or two worms, 
cither hik'd with a wxiteiy fluid, or with a jelly or slime-like sub- 
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stance. Apparently after weeks or months the cyst-wall may 
become firm and thick, and encapsulate the worms. This condi- 
tion may last for years, and apparently can kill the victim, who 
may be literally ‘ eaten up of worms.’ 

Sparganum baxteri Sambon. 1907. 

This Dibothriocephulid larva was found by Baxter in ;in abscess 
in the thigh of a Masai in kite (iennan East Africa. 



Fig. z^o. --Sjutigannin biixtcri Samuu.^. 
(After Sainhoii.) 


Morphology. — -It has a long iinsogiuentcd body, 15 ctaitimctrcs in 
length and i millimetre in lirradlh, with nunu^rous irregular trans- 
verse folds, and a distinct longitudinal groove on the ventral sur- 
face. Anterior extremity is 2 millimetres broad, with a completely 
invagiiiated head; ])()sl(‘rior extremity, T-2 millimetres bioad, with 
ti shallow iiK'diiim slit. 

Ix'on lias describetl a iu‘\v ta.iicvvonu iii man which is referred to the Ligulinaj, 
in which it require, s a lanv genus, called Hraunia jassycusis Leon. 1908. 

ORDER III, CYCLOPHYLLIDEA van l^eneden. 

1 here is only one family witli human parasites. 

Famii-V r.itNiiDdi Ludwig, i88t). 

Scolex globular or pyriform, with unarmed suckers, and an arnu’d 
or unarmed rostcllum. Vagina posterior to the cirrus. Mostly 
parasitic in mammals. Larval stage a cysticerciis or cysticercoid. 
Subfamily i. Dipylidhuce ; Subfamily 2. Davainciiiue ; Subfamily j. 
TcTniinae. 

Subfamily i. Dipylidiin.l: Stiles, 1896. 

Definition.— Tieniidie, with armed rostcllum and unarmed 
suckers. Genital pores marginal. Genitalia simple or double. 
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of a jiro^iottis 


Synonyms. 


uterus becomes <Jivi*d into ovariim Mliclos^or entirely afro. 
phial, and the ceps are set free inlo Ike parenchyma. Eggs wrth 
thin transparent shells with ormthovt appendages. 

Genera.- (i) Difylidam ; (2) Hynienolcpis. 

Dipylidium R. Leu ck art, t 80 j. 

Definilicn.- DipylkliiTi.T of jiicdiuni or snuill size, with retractile 
rosfeiliiiii amied with several rings at alternating hooks, which 
have a broad basis, (ienilalia dnplicated, with iiores on each side 
Kggs witli a dfniblc sliclJ. 

Dipylidium caninum Linnaus, 1758. 

Vtr/ua camna I>eii('kinl, 1758; Monihjowiis Pallas, 
1781; T. cuciuncrina lilcu linKiTin, 1782; / . clhphca Batsch, 178b; 
Dipylidium citcitmcrivitm Tanickarl, 18^3, 

Dipylkliiini is fivqiK'utly found in the* dog and the cat. which are 
its ])id|)er liosts: in man if is only an accidtaital and rare parasite, 
haviiig lK'('n first found l)y Dubois, a pupil of Idnnaus, in 1751. 
Melnikow showed that tlu scolex was to be found in the dog-louse 
('rrichodcclcs cams) and in tfiat of tlie cat {T . suhrosiratus), as well 
as in llu' dog-H(‘a (Clcnocephahfs ranis ('urtis), the cat-flea (C.felinis 
BojicIk'). and in that f)f man ( 7 k irriians), but how the infection 

reaches man is not definitely 
])roved. Ktcently Blanchard 
has summarized sixty cases in 
man up to the year 1907, most 
of which occur among young 
cliildnm. 

Morphology. — It measures 
15 35 even to 40 centi- 

metres in length, and the seg- 
immts are from 1-5 to 3 milli- 
metres in breadth. 

The scolex has the typical 
rostellum, with three to four 
rings of hooks, diminishing in 
size from the first circle, where 
they are 12 to 15 to the last, 
length, and four suckers, which 



-51- ] )i cav ilium 
IS’jisT OF ]u.c;s. (X 250.) 

(I'roiii a plK)logia]ili liy J. J. Tidl. 


wluTo the\’ arc' only 5 to f) fi u 
arc' unarmed. 

1 'he genitalia are double, with spores on each side. The eggs are 
round, from 43 to 50 /,/, in diameter, with a thin shell. 

Life-History. — The ri])e ])rogiot tides by their own movement pass 
through the host’s anus, and gc't into the fur, where the eggs infect 
llu' dog and c'at louse', or ik a, in whicli they develop into cysti- 
cc'rco els (('ryplocvsiis Iricliodcclis Villot. 1882). 

The de)g bites the louse or lle'a, and infects itself, and may pass 
on the cysticercoids to man by licking. The cat licks its fur, and 
gets infected in that manner. 
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Blanchard thinks that the cat spreads the parasite by infecting 
milk with the cysticercoids when it steals a drink from a bowl the 
contents of which are afterwards given to children. 

Hymenolepis Weinland, 1858. 

Synonym.- -Dipl acanthus Weinlaiul, 1858, ncc L. Agassiz. 1842. 
Definition. Dipyhmd iinct with small head, with armed, well- 
developed, or unarmed, riidimentarv rostelluin. Neck long. Pro- 
glottides serrated, longer than broad, (ienital pores always on the 
left. Three testes. Eggs with thr(‘(‘ shells. 

Typo. '// . diniiuHta. 1 he gcims poss('ss('s two siibgenein, 
Hymenolepis and Drepanidotc^nia. 

Subgenus 1. Hymenolepis Scnsii Stiicio. 

With the characters of the genus, but the hooks have the dorsal 
root much longer than the ventral and number twenty-four to 
thirty. 

Proglottis narrow, female genitalia ventral to or bedween testes. 

Hymenolepis (Hymenolepis) diminuta Rudolphi, T(Sic). 

Synonyms. — Duma diininula Rudolphi, 1819; T. Icptoccphala 
(T'cptlin, 1825,’ T. ilavopiijiclala Weinland. 1858; T. vavesina Parona, 
1884; T. minima (o'assi, i88(). 

It is a parasite of Epimvs norveyicus. E. muse ulus, and /:. r alius 
alexandri nus, being not uncommon in rats in Ct'ylon. 

The hrst human specimen was discharged by a child aged nineteen 
months, and was j)resc‘nt(‘d to tlu' Boston Medical Improvement 
S(Ki(‘ty by Dr. Ezra Palmer in 1842. Since then a number of cases 
have been recorded in Philadelphia. Sicily. Italy, Trance, South 
America, and the' Mbs! Indie's. 

Morphology. -The worm measuix's 20 to b- cemtinndres in length, 
and up to 3*5 niillimetix'S in bieadtli. ITn* lu'ad is very small, only 
0*2 to 0*5 millinietn' in diameter, (liib-shaped. and has a rudi- 
mentary, unarmed rostellnm and four ('lli])tical sinTers. The 
segments measure o-()() millinu'tre in length by 3-5 millimetres in 
breadth. The anterior proglottides show a yellow spot (hence the 
name T. flavo punctata), caused by the distended rc'ceptaculum 
scininis. The posterior proglottides show a brownish-grey colour, 
due to the mature uterus, d'he gciTtal })ore is situated laterally. 
The eggs arc oval, with a diameter of about ()0 

Life-History.— It is a common parasite' in rats and mice', while the 
cysticercus is scid tc live in the larva anel imago of the meal-moth 
{Asopia arinalis), in an earwig (Anisotahis annuli pes), Oind in the 
beetles .las spinosa and Scaunis si rial us, it is not likely that rat 
tlcas are important, as the cysticercus has been found in Ccrato- 
phvllus fasciaius by Nicexll and Minchin, and Jexhnston in Australia 
has found it in Xenopsylla cheopis. 

The infection in man is mostly among infants and children. 

39 
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Hymenolepls (Hymenolepis) nana von Siebold, 1852. 

Synonyms. — Tcenia munna Dujardin, i 845 > Gmelin, IJ790; 
T. nana von Siebold, 1852, nec van Bcncdcn, 1867 , T. cBgyptiaca 
BiJharz, 1852; Diplacanthus nanus Weinland, 1858. 

This is the dwarf tapeworm of man, and was discovered by 
Bilharz in the ileum of a boy who died of meningitis in Cairo. It 
is found in Egypt, Europe, North and South America, Siam, and 
Japan, and is by no means a rare parasite in man. Calandruccio 
estimates that 10 per cent, of the children in Sicily are affected. Stiles 
reports 4*8 per cent, for 125 children in Washington. The number 
found varies from one or two to several thousands in one individual. 

There is doubt as to whether this worm is or is not identical with 
Hymenolepis nana var . jraterna Stiles, 1906, which is common in rats 
and mice. Probably it is distinct from this parasite, because Grassi 
and Looss were unable to transmit it to mice. 

Morphology .—It is the smallest tapewonn in man, measuring 
only 10 to 15 millimetres in length, and from 0-5 to 0*7 millimetre 
in breadth. 

The head is globular, and provided with a rostellum with one ring 
of twenty-four to thirty hooks, which are very small, 14 to 18 [i in 
length. The neck is relatively long. 

There are about 150 proglottides, 0-4 to 0-9 millimetre in breadth 
and 0*014 0*030 millimetre in length. The genital pore is 

marginal. I hc mature uterus contains about thirty or more eggs, 
whicii ar(‘ oval, and measure 30 to 48 /i, and contain onchospheres 
measuring t() to ii) ft in diameter. 

Life-History.- -It is believed that the cysticercus will be found in 
some insect. 

Themvirly ixdated T. nana var . Jraterna completes its development 
entirely in the rat, for the cysticercus develops in the villus, while 
the adult lies in the lumen of the intestine. 

Pathogenicity.- -Owing to its small size it is apt to be overlooked, 
but there is no doubt that it spreads in crowded institutions and 
poorer families. Apparently, when the parasite occurs in small 
numbers no symptoms result, but in considerable numbers dis- 
turbance may occur, which has been assigned by Mingazzini to the 
effects of toxins. 

Treatment.- -Male-fern is the best treatment Chap ter LX XV.). 

Prophylaxis.- -While it is doubtful whether T, nana and T. nana 
var. jrafcnia are the same or different species, it will be necessary to 
guard against the contamination of food by rats and mice. More- 
over. it must be remembered that the infection spreads in crowded 
dwellings, and therefore isolation of the infected child should be 
insisted upon. 

Subgenus 2 . Drepanidotaenia Railliet, 1892. 

With liu* cliaracters of the genus, but the hooks have a dorsal root much 
larger than the ventral, and are only eight to twenty in number. Proglottis 
broad, testes three, alongside which lies female genitalia. 
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Hymenolepis (Drepanidotanla) lanceolata Blochmann. 1782. 

SynouyiXIS* — TiSfiict luncBoldtci Blochniann, 1782; T. cmseyufn Frisch, 1727; 
T. acutissima Pallas, 1781; T. anseris Blochmann, 1779; T, lanceola Batsch! 
1786; Halysis lanceolata Blochmann, 1803. 

It is common in ducks, geese, and other birds, including the flamingo, and 
has been found in man in Europe, but the record is considered to be very 
doubtful; probably the worm should not be included among human parasites. 

Morphology. — It is about 30 to 130 millimetres in length and 5 to 18 milli- 
metres in breadth, with a very small globular head. Eggs, with three enve- 
lopes, oval (50 by 35 fx). 

Life-History.— The cysticercoid lives in a cyclops, which is eaten by ducks 
and geese. 


vSUBFAMILY 2. T)A VAIN KlNAi) BlaUl], I9OO. 

Definition. — Tceniidcs. Rostellum and suckers armed. Eggs 
mostly encapsuled. 

Genus. — -DavaineU R. Blanchard. 

Davainea R. Blanchard, 1891. 

Definition. — Davaineinne, with a globular head, armed with 
two rings of hammer- like hooks and four suckers, surrounded 
by several rings of hooks. 

Species. — D. madagascariensis ; D. asiatica. 

Davainea madagascariensis Davaine, 1869. 

Synonyms. — Tcenia madagascariensis Davaine, 1869; T. demara- 
riensis Daniels, 1895. 

This worm was first discovered by Grenet in children at Mayotte 
(Comores). Over ten infections have been recorded: by Davaine 
from the Comoro Islands, Leuckart from Siam, Daniels from 
British Guiana, Blanchard from Nossi-Be, four by Cherreau from 
Mauritius, and two by Garrison from the Philippines. 

Morphology. — ^The worm is 25 to 30 centimetres in length, with 
a maximum breadth of 1-4 millimetres. The scolex has four large 
suckers and a rostellum, with ninety hooks (18 [x long). The pro- 
glottides number from 500 to 700, being 2 millimetres long by 
1*4 millimetres broad. Genital pores are unilateral, and near the 
proximal comer. T estes number about fifty, with a long vas deferens 
and a fusiform cirrus pouch. The receptaculum seminis is long 
and broad. The uterus is composed of a number of tubes, rolled 
up on each side into an almost sphencal coil. When mature, these 
windings uncoil and fill the proglottides; then they lose their walls, 
and the eggs, l5dng free in the parenchyma, become surrounded by 
proliferating cells, which form capsules for them. 

As many as 300 to 400 of these capsules may exist in one pro- 
glottis, arranged in transverse rows. 

The egg consists of the usual two membranes and an onchosphere, 
which is 8 by 15 (x. 

Life-History. — The life-history is unknown, but it is suggested 
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that the cysticercus may be found in the cockroach (Periplaneta 
oricntalis orP. americana). 

Allied genera are common in rats, hares, fowls, pigeons, turkeys, 
pheasants, partridges, grouse, and other birds. 

Davainea asiafica von Linstow, 1901. 

Synonym,- Term a asiatica von Linstow, 1901. 

This wr)rm was found in a person in Aschabad, near the northern 
frontier of Persia, and consists of 750 proglottides without a head. 
The genital pores all lie on the same lateral border. The testes are 
globular, the cirrus pouch pyriform. The female organs lie an- 
teriorly, with a large ovary and a small vitellogene gland. There 
is a larg(^ lea'ptecuhim seminis. TIk' uIctus bn^aks into sixty to 
S(‘venty large* r^gg follicles. Nothing is known about the appearance 
of the matun egg, or about tlje life-history. 

SmiFAMiLY 3. T.riNiiNyE Stih's, i8g6. 

Definition. — TmiiidcB, usually of considerable length, with 
segments longer than they are broad. Scolex with either a 
rostellum armed or unarmed, or an apical sucker. Genital pores 
irregularly arranged on the lateral borders. Genitalia single. 
'Jk'stes luinK'rous. placed laterally. 0\'ary shell and vitellogene 
gland situated posteriorly. Uterus, a single median trunk, from 
which lateral branUios dc'velop later. Eggshell thin; embryonic 
env(‘lope (embryoplioiv) thick, with radial stripes. Cysticercus 
generally in heibivora. adults in carnivora. 

Taenia Linnaeus, 175(8. 

Definition. — I aniina* with the cliarai ters of the subfamily. 7 he 
genus Tcrnui is subdivided into three siibgenera : 

Siibgenus i. Tevnia Linnaais. 1758. Type: T. {Tcrnia) solium. 
Subgenus 2. 7Vc;/h/:ri/v7/c////.s Widnlaiid. 1858. Type: T. {TcBuia- 
rhynchns) saginata. 

Subgenus^ 3. Mitlliccgs Goeze. 1782. Type: T. (Multiceps) 
ca’nnrus. Tliis, however, is not a human parasite. 

Taenia (Taenia) solium Einna?as, 1758. 

Synonyms, Pallas, IJOO', T.peUucida Goeze, 1782; T .vulg^aris 

Wenu-r, 1782; 7 . deniata Batscli, 1780; Halysis solitini Zeder, 1803; T. armata 
humana Brera, 1808. 

1 he name ' solium ’ is derived Irom a Syrian term schnschl, meaning a chain, 
which has airived at its prt'seiit lorm by being tirst turned into Aralhc and 
limilly into Latin. It is often called the armed tapeworm. 

This worm is cosmopolitan in its distribution, for it can be lomid wherever 
a pig and a man can live, fur the cysticercus lives in the pig, man, and rarely 
in shc^ep and dogs, while the tapeworm only lives in man. E\cn monkevs 
appear not to be capable of infection. 

It seems to be more widespread in the tropics than in the Temperate Zonic 
It is not uncommon in Ceylon, and it is apparently common in Panama. 
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Morphology.— Length usually 2 to 3 metres, but may reach 8 metres. 
Mature segments ineasure 5 to 6 millimetres in breadth. Scolex provided 
with a rostellum, winch may be pigmented and is armed with a double row of 
alternately large and small hooks, which number from twenty-two to thirty- 
two, and with four hemispherical suckers. The neck is long. Proglottides 
number from 800 to 900, with a length of 10 to 12 millimetres in mature 
segments. Genital poie lateral and irregularly alternate. The mature uterus 
has seven to ten ramified lateral branches, and contains three ovaries, the 
third being formed by subdivision of the one on the side of the genital pore. 
Eggs globular, pale yellow in colour, from 31 to 38 a in diameter. 

Life- History. — -The adult ^ 

worms live solely in the human 
intestines, from which the oncho- 
spheres with their envelopes 
escape in the faeces, ai^d arc apt 
to be eaten by pigs, or these may 
be infected by contaminated food 
or water. The cysticercus, often 
called Cy sticey cu s celhiloscB 
(synonym, C. acanthoirias) , de- 
velop in the; flesh of the pig. If 
this flesh is oaten in an under- 
cooked condition, tlic cysticercus 
infects the human being and 
forms the tapeworm. Occasion- 
ally man becomes infected with 
CysHccyciiii celluloses, most com- 
monly in the brain, then the eye, 
the muscles, liver, lungs, etc., 
where they are sometimes few, 
sometimes numerous. This infection must due to conhuninated food 
or water. 

The tapeworm can live for years in the intestine of man. A variety called 
7 '. solium, vay. ahietina Wcinland, originally found in a Chippewa Indian, 
belongs probably to this species. 

Pathogenicity. -The intestinal symptoms arc not severe, bnt ( olicky pains 
and diarrluTca alternate with constipation. Tlie patient may slowly emaciate. 
The danger of this infection is the entry of eggs into the human being and the 
formation of cysticerci in the organs. 

Treatment.- -Wai n the person aflec led to be v'cry careful to keej) liis hands 
clean, and to avoid infecting himself and other people with the eggs. Kill 
the tapeworm with extract of male-fern given in capsules (four to eight of 
10 minims t^ach), or in emulsion on an empty stomacli, and followed after 
four to six hours by a saline purgative. 

Prophylaxis.— Faeces should be so treated as not to infect pigs, and tlie flesh 
of these animals should be carefully cooked. 

Tsenia (Tseniarhynehus) saginata Ooeze, 1782. 

Synonyms. solium Linnaius, 1707, pm pavt. : T. cucuybitina Pallas, 1781 , 
pro payte ; 2\ meymis Brera, 1802 ; T. dentata Nicolai, 1830; 7 . lata Pruncr, 1847 ; 
Bothyiocephalus tyopicus Schniidtniiiller, 1847; T. mediocancUata Kiichen- 
meister, 1855; T. zittavensis Kiiclienmeister, 1855) ^ • tropica Moquin - 1 andon, 
i860. 

This is the unarmed beef-worm or the fat tapeworm, wliicli has a cosmo- 
politan distribution, the adult being known only in man and the cysticercus 
in cattle, though it can be produced experimentally in a number of animals. 
It is very common in the tropics, especially in Africa, and particularly 
Abyssinia, the Sudan, and Asia. .1 

Morphology, — It measures 4 to 8 to 10 metres in length, and has been saicl 
to attain much greater length. A mature segment is 4*7 millimetres in breadth. 
The head possesses four hemispherical, often pigmented, suckers, and a sucker 
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in place of a rostellum. The neck is long. The proglottides number aboui 
1,000 segments, with a length of about i6 to 20 millimetres when mature, 
The genital spores are arranged irregularly at the sides, and the median uterus 
produces twenty to thirty-five ramified lateral branches. Malformations of 
the segments are not uncommon. Kggs globular, often with the original shell , 
to which may be attached one to two filaments and the two embryonic 
envelopes, as well as the onchosphere. The inner embryonic envelope is oval, 
striated, measures ^^0 to 40 ^ in length by 20 to jo /i in breadth. Segments 
can escape per anum by their own action. 

Llfe-History , — The adult worm lives in man, the cysticercus requiring some 
fifty-four days (Pcrroncito quoted Lcuckart) to develop, so that proglottides are 
seen and the embryophore, escaping in the faeces, enters cattle by means o 
contaminated food dr water, and develops in their muscles into the CysHcercus 



Fig. 253. — Proglottis of TcBfiia saginata Goeze. 

(After Stiles.) 

bovis, which is rather small — only 7-5 to 9 millimetres in length and 5*5 milli- 
metres in breadth. The tongue and the muscles of mastication, especialy the 
pterygoids, are chiefly affected. 

Man becomes infected by eating under-cooked meat. It can live in him 
for a number of years. The cysticercus very rarely occurs in man. 

Pathogenicity. — It is believed to be more difficult to kill medicinally than 
7 '. solium, and to produce more severe anaemia. 

Treatment. — As for T . solium. 

Prophylaxis. — Prevent human faeces contaminating the food of cattle, and 
have the meat, especially the tongue and the pterygoid muscles, inspected in 
the slaughter-house. In African beef animals also common in the muscles of 
Die shoulder, foreleg, back, rump, and hindquarters. Only in extensive 
infections and exceptionally in slight invasions, it is found in the lymph 
glands, lungs, liver, brain, and cesophagus which, therefore, ought also to be 
inspected. 

Taenia (Taeniarhynchus) africana von Linstow, 1900. 

Two specimens of this worm were found in a negro in late 
(jcrman East Africa, at Langenburg, near Lake Nyassa. 

Morphology. — It is about 1-4 metres in length. The scolex is 
provided with an apical sucker in place of a rostellum, and also with 
four ordinary suckers. The neck is very short. The proglottides 
vary in length and breadth, according to position, but always 
broader tlian long, in the portion discovered. This species is as 
yet not clearly dehned from T. saginata. 

The ripe segments are 9 millimetres broad by i-2o millimetres 
thick. Their number is about 600. The genital pore is irregularly 
alternate on the lateral border. The testes are very numerous, and 
the vas deferens much convoluted, with a thick, pear-shaped cirrus 
pouch. The cirrus is beset with bristles, as is the vagina. The 
receptaculum seminis is large. The ovary is large and double, and 
the vitellogene gland is situated at the posterior border. The 
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mature uterus consists of a median portion with fifteen to twenty^ 
four non-ramified lateral branches. 

The embryophore is thick, with radial markings, round or oval 

( 39^7 33 /^). 

Life-History. — -The life-history is not known, but it is suggested 
that the cysticercus may live in Bos indicus, the hump-backed 
cow, the flesh of which the natives of East Africa eat raw. 

Taenia (Taeniarhynchus) hominis von Linstow, 1902. 

This worm was found by Anger in a man in Aschabad in Siberia. 

The length was 70 millimetres. The scolex had a rudimentary rostellum 
without hooks, there were four unpigmented suckers, behind which there 
was a ring-shaped swelling. Nothing further is known about this parasite. 


Taenia (Taeniarhynchus) philippina Garrison, 1907. 

This specimen was found by Hare in a prisoner in BiUbid Prison, 
in the Philippine Islands, in 1905. 

Morphology. — -The length is 80 to 100 centimetres; maximum 
breadth, i centimetre. Head cuboid, with an unarmed retractile 
rostellum and four suckers. Neck segmental. Proglottides 
number about 800, being sexually mature about the 47()th. Mature 
proglottides to 5 millimetres in width and o-8 to i millimetre in 
length. Surfaces and margins extend posteriorly in an elongated 
cuff-like projection over the succeeding segment. Testes 130 to 
160 ^ in length, and from 60 to 80 in breadth. Vas deferens 
without vesicula seminalis; cirrus and pouch present. Genital 
pore situated irregularly on the lateral borders. Ovaries, with 
two unequal transversely elongated lobes, close against tlu' vitello- 
gene gland. Vagina without seta) and with two coils. Uterus 
stem with a V-shaped course posteriorly, and with four to six 
distinct coils anteriorly. Mature uterus ^a'ry compact, with a 
median stem and numerous long, slender dichotomous branches. 

PZmbryophorc oval, 35 to 41 fi long, and 26 to 35 fj, broad. 

Life-Cycle. — Life-history not known. 

Taenia (?) confusa Ward, 1896. 

This worm has so far only been found in Lincoln, Nebraska, U.S.A. 

Morphology. — Length about 8^ metres, breadth 5 millimetres, .scolex 
unknown. Segments much longer than they are broad, 27 to 35 millimetres 
long by 3*5 to 5 millimetres broad. Genital pore irregularly placed behind the 
middle of the lateral border. Testes numerous, vas deft^rens not much coiled, 
cirrus pouch thick-walled. Cirrus beset with little hairs. Receptaculum 
seminis globular; ovary smah and double, bean-shaped. Vitellogene gland 
narrow and triangular; shell gland globular. Uterus, when mature, consists 
of a median trunk, and fourteen to eighteen short dichotomous branches on 
each side. Embryophores are oval, thick, and striated (39 by 30 fn). 

Life-Cycle. — Nothing is known. 

Taenia (?) bremneri Stephens, 1907. 

This worm was found by Dr. Bremner in a Fullani woman in 
Northern Nigeria. 

Morphology. — The head is not known. The segments examined 
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measured, on an average, 28*6 by 8*5 niillimetres. but ranged from 
21 by 6 millimetres to 32 by 29 millimetres in size. J he central 
uterine axis has twenty-two to twenty-four ramitk'd lateral branches, 
and one tenninal branch with four to li\a' ramilications. Th(‘ genital 
pore is prominent, and lies behind tin' iniddh' of tlie segiin'iit. Kggs 
measure on an average 38 by 3 04 /.i. 

coiisick'is lh.'',1 tliL‘SC .sy^moiils dve jvjiixc'd Touia saginata. 

Life-Cycle, — Nothing is known at present about the life-history. 


Echinococcus Ku(lolj)hi, iSoi. 


Synonym, —AcephcHocvstis Laennec, 1804. 

Species, — Echinococcus granulosus Batsch, 1786; 


1896. 


Echinococcus granulosus Batscli, 


E. niuMilocitlaris 
1780. 


llubor 


Synony ms. — V echinococcus Zeder, 1803, Sudxdd, 1833; I . nana \'an 
J^cnt'dcMi 1801. Sitd)o]cl . i8s^: lE'hinococcifc'y echinococcus WovurdWii, i80i. 



b'lG. 254.- -C'yst of Echinocoems 
granulosus (J^atsch, 1786). 

(kVoin a ])li()toi]iu rograpli by J. J. Ikdl.) 


liydatid disease a}>pea,rs to have 
been known since tiie days of Hippo- 
eraO's. In ibS^ Redi suggested 
that tho cysts were animal in origin, 
and in 1760-67 ik.dlas clearly showed 
their reJationshi]^ to tapeworms 
{Tain la hydatigena ) . 

It aj)pea.rs doubt fid whether there 
are two spi'cies ot worms associated 
with hydatid disease, but the ap- 
pixirance of the larvae a,nd th(^ 
geographical distribution lend to 
separate tlar gcmiis into two species. 

Echinococcus granulosus causes 
the cystic form of hydatid disease, 
which is found most markedly in 
lc(‘la.nd and Australia, but also 
exists all over Juirope, and is known 
in New Zealand. It is rare in India, 
and the only cas(‘ we have* seen in 
Ceylon I'.ame from South .\trica, 
wluM'e it occurs; but Begbie has 
recently described another case in 
('-(‘vlon. It is known in the Idiilip- 
pine Isl.inds, and is not uncommon 


in I’-gypt and Algeria, and we have 
seen it 111 the Sudan. 1 he mature worm, which is very small, lives in the 
small bowel ()l the dog, the jackal, and the wolf in large numbers, wliile the 
cysticercus i found in man, sheep, ox. and pig. 

Morphology. It is very small, only 2*5 to 3 to o millimetres in length, and 
is coinposcal )nly c)l ;i scoJi-x and thia'c to four segments. The ^ seolex has four 


siickei s aiul i rostelhnu armed wit h a. double row ol twenty-eight to tifty hooks, 
which vary in size, the larger being .jo to 45 /y. in leiiglh, <and tlu^ smaller 30 to 
38 in length. I he genital pores altea nate. 

I he testes are nuini'rous, the vas delerems spirally coiled, the vitellogene 
gland double, the shell round. 'I'he mature uterus has only lateral pro- 
tuberances. no true branches, and the eggs may form heaps. 

The egg is globular, 40 to 36 // in diameter. 

Life-Cycle, fhc' dog infects man with the onehosplieres, u.sual]y directly 
when being petted. Infection may, however, be brought about by contami- 
nated food. 


On arrival in the stomach, the onchosphere escapes from its embryophore 
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and bores its way into the liver or some other organ. Here it grows, and 
forms a cyst with a thick outer cuticle, inside which is fluid enclosed by a layer 
of parenchyma, the endocyst, composed of two layers of cells. The irritation 
caused by the growth of this cyst produces a connective-tissue coat, formed 
by the organ in which the cyst is growing. The cyst in this condition is called 
an acephalocyst [Echinococcus cysticus sterilis), and is often found in cattle. 

The next stage is the formation of the brood capsule. I'ho inner layer of 
the endocyst grows inwards, forming large numbers of small hollow capsuk's 
(brood capsules) , which have the endocyst externally and the cuticle internall \ . 
On these capsules heads develop. The cyst now forms the Echinococcus 
cysticus fer tills, found in domestic aiumals. 

In man, however, daughter-cysts appear between the strata of the cuticle, 
into which cells belonging to the endocyst have found their way and formed 
cysts, VvdOi an external cuticular and an internal parenchymal layer. These 
cysts may, of course, bulge, and escape externally or internally. If exter- 
nally, they then lie betw(um the capsule and the mother-cyst and form Echino- 
coccus hyclatidosus vay. exogenus, or if internally, they fall into the interior of the 
mother-cyst and form Echinococcus hydatidosus var. rndogenns. These 
daughter-cysts may remain sterile or produce brood capsules and heads. 
Clranddaughter-cysts may be formed in the same way. The wall of tlie 
mother-cyst may disappear, leaving the daughter cysts fre(c 

Of all these varieties, the eiulogeiious evst is the most common. 11 may 
reach several pounds in weight, with hundreds of daughter cysts. 

In Khartoum cysts fed into dog developed in fourtemi days into worms, 
but not (juite sexually matunc 

It is believed that tlu' usual cycle of life-history takes j)lace in tlu* dog and 
the sheep. IManson suspects the jackal in India as a spreader of tlie disease 
to man. vStirling and Viu'co lay down the following factors as necessary for 
the spread of the disease: - 

1. Sufficiency of infected dogs. 

2. Domestic herbivora, espinually sIkh-:}), as intcMuiediary hosts. 

3. Conditions fLivourable for th(‘ transmission of Die parasit(‘ from the dog 
to man. 

|. Facility of access to dogs of infected carcasses. 

IVrhajis, howeveu', the egg gains access to the human body through con- 
taminated food and dust. 

Pathogenicity. — The C\'sls grow but slowly, conse<piently organs adapt 
themselves to the pressure, so that Die symptoms may b(‘ wanting and depend 
entirely upon whether the organ can or cannot expand. 

If, however, fluid escapes from a. cyst, urticarial eruptions, or even rigors, 
with local pain and tenderness, may result. 

Prophylaxis. — ITopliylaxis must be on the lines indicated by the factors 
above inentioiied -viz., nygistration of (k)gs, destruction of pariah dogs, non- 
feeding of dogs with raw meat, clean kennels, non-handling of dogs. 

Echinococcus multilocularis Leuckart, 1863. 

Synonym. — Echinococcus osteohlastcy Huber, 1896. 

This is the parasite which causes the alveolar or multilocular form of 
hydatid disease, which is very difff rent from the ordinary form. The disease 
was first observed by Kiiysch in 1721. and was generally looked upon as a 
colloid cancer, until Virchow in 1856 showed that it had its origin in a worm. 
Mangold and Midler consider that by feeding experiments they obtained from 
it a TcBnia different from E. granulosus in the hooks and the distribution of 
the ova. 

Melnikow-Raswedenkow gives quite a different life-history for this parasite, 
which, if correct, will make it a new species. Further, there is the support of 
Stiles, Stirling, Verco, and others for the differentiation of the parasites from 
one another. • • n • 

This form of hydatids occurs in man, sheep, and pigs, but principally in 
large cattle. 
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The geographical distribution is interesting, it being mostly found in South 
Germany, Switzerland, the Austrian Alpine region, Russia, and East Siberia 
in which districts it occurs in large cattle and man, whereas it is absent from 
Iceland and Australia and European districts where sheep are common and 
where the other form is frequently met with. 

Morphology. — Mclnikow-Raswedenkow says that the cysts are composed 
of parenchyma internally and externally, the latter being in direct contact 
with the tissue of the host, and producing, it is said, not merely scolices, but 
immature amceboid embryos, which spread the cyst by continuity, or may 
enter the blood-stream and form metastases. 

An ammboid embryo develops into a much-folded chitinous vesicle, having 
piu'enchyraa both internally and externally. This parenchyma produces 
poisons which act upon the host. The cyst is looked upon as the homologue 
of a ripe proglottis, because it can produce living embryos, for the parenchyma 
can form scolices, immature embryos without a capsule, and mature ovoid 
embryos enclosed in a chitinous capsule. 

The scolices, however, are frequently destroyed by phagocytosis, because 
they are situated in direct contact with the host’s tissue. Hence the failure 
of leeding experiments, as the scolices arrive in the intestine damaged. 

The result of this development is to produce a collection of cysts, measuring 
from O'l to 5 millimetres in diameter, embedded in connective tissue. Dis- 
integration may begin in the centre of the masses of the cysts. Whether the 
Tcbyikb obtained by feeding experiments are the same as T, echinococcus or 
not is uncertain. 

Pathogenicity. — II produces a primary tumour in the liver, brain, spleen, 
kidney, or adrenals, with metastases in dilferent parts of the body. The 
symptoms produced vary with the region affected, Imt eventually, perhaps 
alter years, lead to anaunia, emaciation, and weakness, which cause death. 
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CHAPTER XXVI 

NEMATHEI.MINTHES 


Nemathelmiiitlieh — Nematocia — Anguillulidic — Angioslomida' - ( inalho- 
stomidffi — Physaloptcrida^ — f'llariida' - - DracuiicLdidiH - Mermithida' - - 
Ascaridas - - OxyuricLx - Stroiigylida*-' Modastrongylida'. — 'rrichoslrongy- 
lidae — Ankylostomidae — Kustrongylida; - Tricliimdlida' ^^I'richnriiuxH — 
Gordiacea — Acant]ioccpha,la -Kcderciices. 


PHYLUM II. NEMATHELMINTHES. 

Metazoa, womi-likein form, tubular, or filiform, uiiscgmentt'd, but 
covered with a cuticle which may be ringed. Witlioiil a])pe]idages 
or limbs, but usually with bristles, liooks. pa|)ill;e, or. randy, suckers. 
Usually with an alimentary canal, but without any closed vascular 
system, and without respiratory organs. With a compUde absence 
of cilia. Sexes are separatie Usually jxirasitic through some part 
of the life-cycle, in which tin* larva-* develop in a difih'rent host or 
organ from that occupied by tlu* aduK. Tlu' lai'\\'e may be fn'c 
and the adult parasitic, oi vice versa. 

Remarks. — The Nemathelminthes are extnamdy im])orlani to the 
student of tropical medicine, for they include some of the most 
potent agents of disease — c.g., An.ylostoma duodenale and the 
filaYiidce. Recent researches have shown that, no matter how 
common the worm may a})p(*ar to be, it is advisable to carefully 
study it, as it has been found that several species and genera 
have been included in an old species which was thought to be 
so well known, that nothing new could be discovered concerning 
it — -c.g,, Ascarts, in examining specimens of which Leiper has 
separated two new genera. 

Classification. — The Nemathelminthes can be divided into two 
classes : — 

Class I. — Anterior end not provided with an armed proboscis; 
intestine present either complete or in part rudimentary. 

This class includes two orders:-- 

Urder 1. Nematoda. 

Order II. Gordiacea. 

Class II. — Anterior end provided with an amied proboscis; 
intestine absent. 

Order III. Acanthocephala. 
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CLASS I. 

ORDER I. NEMATODA. 

Definition. — ^Nemathelminthes with white filiform bodies, with 
usually a complete alimentary canal in the adults, but sometimes 
this may be represented by only an oesophagus and a rudimentary 
intestine; with papillae on the head. The male with one testis, a 
strongly recurved posterior extremity, and usually spicules. The 
female with a vulvar opening always distinct from the anus. Itgg 
contains ovum only. 

Morphology. — The Nematoda are parasitic, as a rule, but 
minute sexually mature forms can be met with in moist soil all over 
the world. The body is enclosed in a thick, transparent, smooth, 
or ringed cuticle, which may form hooks, spines, or lateral fins. 

Under the cuticle comes a syncytium called the epidermis, under 
which is the peculiar muscular layer cut into four quadrants by 
thickenings of the epidermis, which project inwards, surrounding 
dorsally and ventrally a nerve cord, and laterally excretory canals. 
Under the skin comes the large undivided body cavity, which is not 
of the nature of a true coelom, as it is not between the two layers 
of the mesoblast, but between mesoblast externally and hypoblast 
internally, and contains a fluid which may represent the hiemolymph 
fluids of higher animals. 

The digestive system consists of a mouth situated at the anterior 
end, and surrounded by two to six lips, which opens into a thick 
suctorial oesophagus lined with chit in. 

The oesophagus opens into the intestine, which is a thin-walled 
tube lined by a simple layer of endothelial cells, and leads to the 
short chitinous rectum, which ends in the anus. 

The excretory system consists of two longitudinal tubes lying in 
the lateral line, and uniting anteriorly by a transverse ‘ bridge ' to 
open in a pore situated in the mid-ventral line just behind the mouth 
in the region of the nerve ring. 

The nervous system consists of a circumcesophageal ring, with six 
anterior and six posterior nerve trunks. 

The sexes are separate. The male reproductive organs consist 
of one tube divisible into testis, vas deferens, vesicula seminalis, 
and ductus ejaculatorius, which opens on the ventral surface of the 
rectum close to the anus, while the posterior end of the body is 
modified I for sexual purpose with ake and papillae. The female 
reproductive organs consist of two much-coiled tubes divisible into 
ovary, oviduct, and uterus, which join together to form the simple 
vagina, which opens about the midcllc of the body in the mid- ventral 
line; in some instances just in front of the anus, in others, as in the 
filaria worms, quite near the head. 

Biology.- -They appear to live upon the juices of the part of the 
body in which they are found. Generally this is the intestine, the 
contents of which supply them with ample food. But some of them 
are capable of entering the ^dlli of the intestine. 
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Life-History. — Sometimes the life-history is fairly simple, or is 
supposed to be so, for it is possible that we are not well acquainted 
with details. 

Other life-histories are most complicated, and must be dealt with 
in detail. 

Pathogenicity. — -Some of the worms are markedly pathogenic, 
while others usually produce but slight effects. 

Classification. — The Nematoda are classified into — The Non- 
Bursata, comprising the families: (i) Enoplidae, (2) Anguillulidae, 
(3) Angiostomidae, (4) Gnathostomidae, (5) Physalopteridae, (6) Fila- 
riidae, (7) Dracunculidae, (8) Mermithidae, (9) Ascaridae, and (10) 
Oxyuridae; and the Bursata, which are subdivided into the Stron- 
gyles, comprising the families (ir) Strongylidae, (12) Metastrongy- 
lidac, (13) Trichostrongylid^e, (14) AncylostomidcC, and the Pseudo- 
strongyles, comprising the families (15) Enstrongylid^e, (16) Trichi- 
nellidae, and (17) Tricliosomkke. 

The Enoplidae are free-living, and do not concern us. 

The following table gives the parasites known in man, excluding 
a number of doubtful Filariidae : — 


Division, 


Family. 


a 

o 


/ Anguillulidaj 


Angiostomidae . . 
Gnathostomidas 


Physalopteridae Physaloptera 


Filaria 


Aiiguillula 
Anguillulina 
Rhabditis 
. Leptodera 
Strongyloidcs 
Gnathostoma 


Filariidae 


Dracunculidae 


1 


(Microfilaria) 


(Agamofilaria) 


Ascaridae 


Oxyuridae 

Eustrongylididae 

Trichosomidae . . 


f 12. 
\ 13 - 
( 14- 
1 15 - 

1 

( 17- 

Acaiithocheilouema iB. 
Dirofilaria 
Loa 

Hamularia 
Onchocerca 
Dracunculns 


{ Ascaris . . 

Toxascaris 
Belascaris 
Lagochcilascaris 
Oxyuris . . 
Dioctophyiuc . . 
j Trichinella 
\ Trichuris 


Species. 

1. A. accti. 

2. A. piitrefaciens. 

3. R. niellyi. 

4. L. pellio. 

5. S. intestinalis. 

6. G. vSpinigerum. 

7. P. caucasica. 

8. P. mordens. 

F. bancrofti. 

F. ozzarJi. 

(F. iiierniis.) 

(M). powelli. 

(M.) pliilippinensis. 
(Agm.) conjunctivae. 
/Agm.) labialis. 
(Agm.) oculi. 

(Agm.) georgiana. 

A. perstans. 

19. D. magalhaesi. 

20. L. loa. 

21. H. cqui. 

22. O. volvulus. 

23. D. medinensis. 

24. A. lumbricoides. 

25. A. maritima. 

26. (A. texana.) 

27. T. canis. 

28. B. mystax. 

29. L. minor. 

30. O. vermicularis, 

31. D. renale. 

32. T. spiralis. 

33. T. trichi ura. 
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Division. Family. Genus. 

r ^ Triodontophoriis 34. 

I Strongylida- . . ( .Ksophagostoimnu { 




I Mcta,s1rongyli(l«‘‘ Metaslrongylus 

f Mematodiriis 
1 Fa^monclius 

'.rrichostrongylKt^T"! 


rncho.slroiigyliis 


Ancylostornida' 


j Aii^ylostoin.i 
\ IS cc a lor 


.^7- 

3«- 


( 

I 

I 

I 


39 - 
1‘*- 
41. 
12 . 
4D 
A4- 
43 - 
I '• 


Species. 

T. deminutUvS. 

(E. brumpti. 

CE. stephanostomum 
var. thomasi. 

M. apri. 

N. gibsoni. 
ri. contort us. 

T. colubriformis. 

T. probolnrus. 

T. vitriniLS. 
r. oricn tails, 

A., duodenale. 

A. ccyla iL'in.i . 

N. americanus. 


It is not possible at the present moment to givt' a scientific and 
easily workable classification of the Nematoda, because the type 
genera reipiire rt'vision. We grou]:) (lie x arioiis families under tl.e 
following divisions : — 

A. Ncmuloda in wdiich the bursa copulatrix is merely a cuti- 

eular expansion not supported by true fleshy rays in the 
m a 1 es — Non-Bur sni a. 

B. Nematoda with true bursa copulatrix — ?.r. , supported by 

tleshv rat^s in tin* mah^s- Bursaia. 


1) I V 1 S 1 ON N ON -B I ’ RS A I A . 

l.(;il)er gives tlie following table for differentiation of the non- 
bursale families wliicb are represented in the parasitic nematodes 
of man:- 

A. (lis()phagiis a simple eelbdar tube— TricIi()S(>mid(i . 

H. Qisr)phagiis a simple nuiscnlar bulb:— 

(a) Month snna)nnded bv several ]:)r()t u])eranc("^. Mah 
with on(‘ spicule: female wntli one means- Jy/fs/ror- 
gylidiacc. 

[h) Month guarded by large fleshy piws. Male' witli two 
spicules; female wdth txvo ute ri 

( 1 ) Jaws twe) in mimber: skin smool Ij— P//vsa?/e/ - 

ter idee. 

Jaws iwe) in munbea; skin spineum— 
slnmidcv. 

( 2 ) Tarvs three in number: skin siria.ted — Ascaridcr. 

[c) Month a, sim])f - paae rvii liont buccal e:i]isnl(';- 

(i) Female without vagina: embiyees striate'd. Male- 
with two equal Dracnmnlidcre, 






A JJ.MA TH ELM INI H ES 


(_') I'ciii.ilf wilii vauiiui ojH'iiiii^ iu-;ir mouth: uh 
conwrm-m: oiahryor, luu striated. Male v,:: 

>[)r iile:, dissiiiii!;ii ■ I'iini luiu'. 

( ;) J eJiiale willi vtit;iiia ill jtoslen'or third oi Itodr 
iiiei'i divciL’Viil. parthcnogviivii 

adiilr of Siroiiiiylou/<'s. [I'ur frec-Ji\-iiig adiili 
sceC (I).J 

C. (JtsopliaAiis wiiJi a doiihic imi.'-ouJar ludl):- 

(i ) Skin sjiiooi Ji : nitilc w'il Ji t wo sjticules tiiid accessorv 
j'iece; female vi\ijiarous — I'ree-liv’ing adulls of 

aJ n^ioslv'inidie. 

!j) Skin (k'cply sirinlci; iiiair will) oiiv. spiciilr; 
it'malc ox'ipai oiis - U^yundce. 


HGc.S Oi- DOLIJJU-IIL 1PE>/J'JI-'JCATJ(>N. 



rid. 26 r.. 

Figs. 263-206.- Eggs of Dogi5Tfgl Id^ntificatioia 
Human Fzeces. 

(From preparations and photographs by J. J.Bell.) 

163 AND 205.— Adnokwal Eggs pkof-ably 01 AbLtnis U^nlriLoide^ 
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NON-BURSATA. 

Family 2. Anguillulid^l:. 

Very small Nematoda, mostly free-living, rarely parasitic, with 
an oral cavity armed with a tooth or spine, and an oesophagus with 
a double dilatation. Male with two spicules, and sometimes a 
bursa copulatrix. Female with a pointed tail, and a vulva situated 
in the middle of the body. 

Genera.- — ^(i) A nguillula, (2) A ngiiHLulina, (3) Rhabditis, (4) Lep- 
tnder(i. 

Anguillula Hhreiiberg, 1820. 

Anguillnlidiii with .small mouth, oesophagus with two dilatations, of winch 
the posterior has valves. Male without bursa, spicules with accessory pieces 
feather-shaped. Female with the vulva in the hinder portion of the body; 
uterus asymmetrical. 

Anguillula aceti Muller, 1783. 

Anguillula aceii is the common vinegar eel, which has several times been 
reported as occurring in the human bladder, but the method of infection is 
unknown. 

Morphology. — Cuticle not striated, body cylindrical, tapering a little io 
the anterior, but considerably to the posterior end. Male i to 2 millimetres 
long and 24 to 40 ju broad, with two pre-anal and one post-anal papillae. Two 
equal spicules 38 f.t long. Female, 2*4 millimetres long and 40 lo 72 (jl broad. 
Vulva near the equator. Embryos 222 by 12 /i. 

Pathogenicity. — N il . 

Anguillulina Gervaisand van Beneden, 1859. 

Synonym.— ns Bastian, 1864. 

Angiiillulidas possessing spine on the oral cavity. Male bursa without 
papilla; uterus asymmetrical. 

Species. — Anguillulina putrefaciens Kiihn, 1879. 

Anguillulina putrefaciens Kuhn, 1879. 

Synonyms. — Tylenchus pntyejaciens Kuhn, 1879; Trichina coniorta Botkin, 
1883. 

This small nematode lives in onions, and it or other varieties may at times 
lind access to the stomach with the food, and be rejected by vomiting, as 
reported by Botkin in 1883. 

Rhabditis Dujardin, 1845. 

Small Anguillulidae with no teeth in the oral cavity, with accessory 
pieces to the two male spicules, and without lateral ridges’. 

Rhabditis niellyi Blanchard, 1^85. 

Synonym. — Leptodera nieMyi Blanchard, 1885. 

This parasite was described by Nielly in 1882 in a boy who suffered 
from an itching papular eruption in Brest, which he had never left. 

Morphology. —The parasites measured 0*33 by 0-03 millimetre in widt]i, 
and possessed a cuticle with delicate transverse striation, a double-bulbed 
oesophagus, and an intestine, but no genital organs. 
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PathOffenicity.— T]ie specimens were found in the papules, and 
also in the blood at the beginning of the illness, but not in the faeces, 
urine, or sputum. 

Life-History.- Unknown. 


LeptoderaHujardin, 1845. 

Anguiliulida" with mouth guarded by two, three, or six- lips, with 

or without bursa, which, when present, never surrounds the point 01 the tail. 
Two equa] spicules, and three pre-anal papillae. Female with the tail pro- 
longed into a long unsymmetrical point. 

Leptodera pellio Schneider, 1866. 

Synonyms. — Pelodera pelUo Schneider, 1866; RhabdiUs genitalis Scheiber, 
1880, 

Leptodera pellio is merely an occasional parasite in man. Infection arises 
in rather a peculiar manner. The larva lives in the earthworm (Lumhricus 
terrestris), while the adults exist in decomposing matter in the soil. 

The Hungarian peasants use soil for making poultices, from which the 
little worms apparently make their way into the vaginae of women and live 
there. Oerley has shown experimentally that they will live in the vagina 
of a mouse. 

Morphology. — Male, o*8 to 1*05 millimetres in length, with a bursa supported 
by seven to ten ribs on each side. Spicules, which are not quite alike, measur- 
ing 27 to 33 pt in length. Female, 0*9 to 1*3 millimetres in length, with a vulva 
slightly posterior to the middle of the body. 

Pathogenicity. — Nil. 


Family d. ANGiosTuMiDyi:. 

Neniatoda characterized by hetorogony. each species having a 
free-living bisexual rhabdite form and a parasitic hermaphrodite 
filarial form. 

Strongyloides Grassi, 1879. 

Synonyms. — Pseudorhahditis Perroncito, 1881 ; Rhabdonema Leuc- 
kart, 1882. 

The parasitic form has an unarmed mouth, long cylindrical 
oesophagus, which reaches nearly to the middle of the body. The 
free-li\’ing stagi' has a small mouth, short oesophagus with a double 
dilatation, in the hinder part of which are small teeth. The male 
spicules are of equal size. 

Strongyloides stercoralis Bavay, 1877. 

Synonyms. — Anguillula intestinalis et stercoralis Bavay, 1877; 
Leptodera intestinalis et stercoralis Cobbold ; Pseudorhahditis stercoralis 
Perroncito, 1881; Rhahdonema strongyloides Leuckart, 1883; 
R. intestinalc Blanchard, 1886. 

History.— This little worm, which is not uncommonly met wdth 
in fa'ces, was first described in 1876 by Normand in the faeces and 
the intestine of French soldiers just returned to Toulon from Cochin 
China. 

At first it was thought that there were two species — one in the 
faeces {Anguillula stercoralis) and the other in the bowel [A. intes- 
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tlnalis ) — but Leuckart showed that they were but succeeding stages 
of one life-cycle. It is found in Europe, Africa, India, Ceylon, 
Indo-China, China, the Philippines, Oceania, the United States, 
the West Indies, and Brazil. 

The fully-developed wonn is found in the duodenum and jejunum, 
into the mucosa of which it has bored its way deeply. 


Morphology. — The parasitic adult worm is very small — 2*2 millimetres 
long and 34 (ju broad — with a finely striated cuticle, and a mouth surrounded 
by four lips, leading into a cylindrical oesophagus, equal in length to one- 
quafter of the whole body. The anus is just in front of 
the tip of the tail. Inside this parasite can be seen ellip- 
soidal eggs. The sex of this parasite is doubtful. Is it a 
hermaphrodite, in which the male organs, after serving 
their purpose, have aegenerated, or is it a parthenogenetic 
female ? At present these questions cannot be answered 
definitely. Most probably it is a hermaphrodite. The 
eggs measure 50 to 58 in length by 30 to 34 ^ in breadth, 
and are arranged in strings surrounded by a delicate 
tubular structure. They occur in the faeces only during 
attacks of diarrhoea. 


Life-History. — -The eggs are oviposited into the 
mucosa of the host's intestine, and the embryos 
hatch and find their way into the lumen, and are 
evacuated with the fieces. On reaching water or 
moist cartli these embryos grow into adult male 
and female forms, which conjugate, and then the 267— Rhab- 

female lays eggs. The eggs produce free-living ‘ 
rhabditiform embryos, which moult and turn into 
filariform embryos, which have been shown by 
Mozocchi and van Durne to penetrate the skin, 
not through the hair-follicles, but through the 
horny layer into the rete Malpighii, and so into 
the corium. The experiments of Fiilleborn and 
V. Schilling-Torgau in infecting tracheotomized 
dogs or dogs with the oesophagus cut and fixed to the skin with 
larvae of Strongyloides siercoralis Bavay, 1877, have shown that 
the more important route is from the skin to the lungs and so via 
the trachea and oesophagus to the bowels, while a less important 
route from the skin via the blood-stream directly to the bowel 
can also take place (vide the life-history of Ancylostoma duodenale, 
p. 663). On arrival in the intestine they burrow into Lieberkiihn’s 
follicles, and begin to lay their eggs. 

Pathogenicity. — ^The parasite is generally believed to cause a 
catarrh of the small intestine, though many believe it to be non- 
pa thogenic. 

Family 4. GNAXHosTOMiDiE. 


DITIFORM 

Embryo of 
Strongyloides 
int estinali s 
B A V A Y AS 
FOUND IN 

Human Faeces. 
(After Looss.) 


Nematoda, with two large lips and the whole or only the anterior 
part of the body covered with minute ramified spines. They live 
often in the tumours in the gut wall of vertebrates, especially 
mammals. 

Two genera: Gnathostoma Owen, 1836, and Tanqua, 
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Gnathostoma Owen, 1837. 

Synonyms.- — Cheirucccnthus Diesing, 1839; Liorhynchus Rudolphi. 

Definition.— i 1 h‘ cliaractcns of the lainily. 

Remarks. -The genus comynhses only intestinal parasites, ot 
wiiicli nine s])eci(S are k]n)wn in man, alligators, cats, tigers, yaigs, etc, 

Gnathostoma spinigerum Owen, 1837. 

Synonyms.- -C heir acanthus siamensis Levinsen, 1889; Gnathostoma 
siamense Levinsen, 1889; Cheir acanthus rohustum Diesing, 1839. 

Remarks.— Only two specimens are known, one a female, which 
was obtained by Deuntzer from a young Siamese woman in whose 
breast a hard painful swelling had formed, accompanied with slight 
fever, and another a male described by Leiper. Nodules the size 
of beans appeared in the skin, from one of which the worms were 
extracted. Two other similar cases have recently been reported. 
Leij)cr has recently compared a male specimen from man with 
typical specimens of G. spinigerum of the tiger, and declares them 
to be identical. 

Morphology — Male. — 10*55 millimetres long by o*6 millimetre broad, with 
the anterior half of the body quite straight and terminating in a globular 
swelling, which carries two large lleshy lips which guard the mouth. Neck 
only 0*3 millimetre in diameter. In front of tin* neck the cuticle is provichid 
with eight transversed rows of chitinous liooks with their y:)oints directed 
backwards. Behind the neck the cnticlc has many cnlicular lamina;, but 
the posterior half of the body is without armatiin;. 

The mouth is simyde, without a vestibule. The paired labial glands open 
on the lips already mentioned. The oesophagus is 2*5 millimetres long and 
very muscular, and opens into the chyle intestine, which, being uniformly 
0*25 millimetre broad, is with difficulty separated from the rectum, which 
leads to the cloaca. 

There are two pre-arial and two post-anal large nipple-like genital papilla; 
around the cloaca, and though the cuticle is folded there is no bursal forma- 
tion; but there are two unequal spicules, i*i millimetres and 0*4 millimetre 
long. There is a distinct muscular ejaculatory duct, 1*5 millimetres long. 

Female . — Nine millimetres long by i millimetre broad, with eight rows of 
bristles around the head, and sjhncs covm'ing the anterior third of the body. 
Each sy)ine ramifies into three points, of which the middle is the longest. 
'The anterior end was narrow, and the: mouth appeared to be bordered by 
two lips. The posterior end had a, threc^-lohed prominence, at the base of 
which the anus opened. 

Habitat. — Subcutaneous tumours in man in Siam. Allied species 
live in the stomach of pigs and oxen. The species is said to occur 
1'; I lu' pe.riaii dogs ol Cak'Hi la. 

Pathogenicity. — M.an is a]:^pareniJy an aljcrrant host, tor in man 
only do tlie worms \\ander int(j tlie corineCLive tissue aiid form 
sul)ciitaueous tumours. Tin; species normally lit es in th(‘ stomach 
ol animals, causing librous t hickeuiiigs. 

ieVMILY 5. PlIVS.Vl.OPTERIO^y 

Physaloptera Rudolphi, 1819. 

Physalopteridai possessing mouth with usually two lips, each with 
papillae and teeth. Posterior end of the male lancet-shaped, owing 
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to a widening of the cuticle. The ventral aspect is here covered 
with cuticular plates, end there are four pairs of pedunculated 
external papilhe and a nuniber of sessile internal pa])ilL'e and unequal 
s])icules. hetnnl(', ; vuh^a situated anteriorly. Eeys thif'k-slu'lled 
and smo(.)th. 

Physaloptera caucasica von Jansiow, 1902. 

J liis has only been loiinfl once by IVlenelries in Ihc’; alimentary canal of 
man in tlie Caucasus. 

Male millimetres lonj^ by o-yf miliinielre broad. l''em;vl(' 27 nhliinK'tres 
lon^^; l)y lo .} millimetres broad. 57 by 39 jtx. 

Physaloptera mordens Lei])er, 1907. 

Twiper has recentl y described a largi* number of cases of infection 
with Physaloplcra in natives of tropical Africa, which differed from 
P. caucasica not on]}^ in size, but in tin* lengtli of tin' spicules iu 
the male. 


Family 6 . hdiwiniDai: Claus, i'SS5. 

Synonyms. — Filaridea Carus, 1863; Filariadea Lcuckart, 1876; 
Filar idcr ('obbold; Filarides Asseiiova, 1899. 

Definition. — -Long filiform nematodes with uniform diameter, and 
a straight head provided with two latero-median and four submedian 
papillcT. Mouth terminal, with two lips, and occasionally a more 
or less distinct buccal capsule. (Esophagus slender, elongated, 
and may be divided into two portions, but has no posterior bulb. 
Mid-gut present, rectum present, anus subterminal. 

Males with one or two unequal spicules and a spirally recurved 
tail, provided with papillae, and in some cases with lateral alse. 
Females larger than the males, with or without a vulva in the 
gravid worms, which, when present, is situate anteriorly. Uterus 
usually double. All species parasitic and ovo viviparous, with a 
change of host in at least certain species. 

Type Genus.- -Filaria Muller. 1787. 

The genus Filaria was created by Muller in 1787, unfortunately 
witliout naming a particular tyi)e. which Stiles suggests should 
be Filaria martis (hnelin, 1700 {F . f^erforans). This s found in 
M iLsfela marles L.. the pine-marten of luirope. and was one of the 
parasites originally described by Muller. This parasite requires to 
be restudied before definite characters can be given for the genus. 

Classificadon.- The subfamilies are Filariinu’ and OnchocercUm, 

Subfamily Eilakiin^ Stiles, 1907. 

Filaria Muller, 1787. 

Definition. — This is doubtful. Filarikhe with long slender fdi- 
form bodies; anterior textremity attenuated, obtuse; posterior very 
attenuated, more so than the head, ('uticle without transvepe 
striation, and without bosses. Male shorter than the female, with 
spirally bent tail provided with lateral cuticular ala*. pre- and post- 
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anal papillx, and unequal spicules. Females longer than males, 
with vulva situate anteriorly near tlie mouth. 

Synonyms. — Filcyarici Riidolphi, 1809; Ftlaire Lee, 1840 , ana some 

misprints. 

Type.--'jP. rnartis Gmelin. 

Species. -F. hancrofti Cobbold, 1877; (?) F. demarquayi Manson, 


^Some years ago the genus Filaria contained a large number of 
species parasitic in man, but the following genera have definitely 
been separated from Filaria: Acanthocheilonema, D.rofilana, 
Dracunculiis. Onchocerca, and Hamularta. At the present time 
there are only three species known to be human parasites, which 
are referred 'to tlie, genus Filaria-^ -viz.. F. hancrofti Cobbold, 
1877, F. o-rnvdi Manson, 189-^; and F. inrmus (.rassi,_ ihbb , m 
addition to the embryonic forms included in tbe collective group 
{Microfitaria) and the immature foims in the collective group 
{A ^aoio filaria). There, are, however, a number of spurious or 
doubtful forms scattered throughout medical literature and de- 
scribed as human parasites which must be eliminated from the 
genus, and these are : — 


1. Filaria (?) hominis oris Leidy, 1850. — This probably belongs to the 
Mermithidfc, and may have been a mermis accidentally taken into the child’s 
mouth while eating, say, an apple, because it had an obtuse posterior 
extremity with a recurved hook. 

2. Filaria (?) gif^as Prout, 1902. — Two embryonic /i/ana/ structures 220 to 
340 jji by 8 to ic /c, found with rounded head and tapering tail ending bluntly, 
no sheath; stained readily with fuchsin. Low thinks that these might be 
contaminations — i.e., insect hairs; Looss thinks that they may be cast skins, 
and as Stiles has also adoptf'd this view, the parasite may perhaps be elimin- 
ated. Recently I.eiper has considered it to be a stained fungoid growth. 

3. Ncjimtoideum iraclieale Cobbold, 1864. 

The following can certainly be eliminated: — 

4. J'ilaria (?) resiiformis Leidy, 1880, as tliis is Agamomeris resHformis, 
and belongs to the Mcrmitliidai. 

5. f 1/(1 rid (.b cys iLH. Ml < s ' (lieves this to he mcrOy Ox yttris vcrniicularis', 
it ui'’ ’ -f' till' 'mb -wn ol a Filaria. 

6. Filaria (?) niellyi is Rhabditis niellyi. 

7. Filaria (?) zebra Mon Grand, 1852, is said to be a fibrinous clot, and 
therefore a species 

Tlie following may have to be eliminated: — 

8. Filaria (?) hilimarcB Kolb. 1898. — These consist of several female speci- 
mens once found free in the abdominal cavity of a fallen Kitu warrior. Oral 
papillre are said to have been like Draciincuhis medinensis . 

Ihey were 10 to 20 ceniimetres in length, and 0'5 to i millimetre in diameter, 
white, and resembled Gordiiis aqnaticiis in general appearance. 

With these Kolb classified free-living worms, and therefore doubts are held 
as to tly‘ exact zoological determinations of the species recorded. 

Q. Filaria (?) romanoium orfewM/fs Sarcani, 1888.- — -Observed in the blood of 
a Roumanian woman; 1 millimetre long by 0*3 millimetre broad, with intestine 
and generative apparatus developed; believed by some to be an adult thread- 
worm. 

The uncertain species are: — 

1. Filaria Species (?) Cholodkowsky. 1896. — Found in whitlow-like tumours 
on the fingers of j^asants in the Twer Government. 

2. Filaria Species (?) Prout, 1902. 
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3. There was a parasite called Spiroptera hominis Rudolphi, 1819, which 
appears to have been spurious, being really Filaria communis, of which Filaria 
piscium is a synonym. 


Filaria bancrofti Cobbold, 1877. 


Synonyms. — Trichina cystica Salisbury, 1868, nec Rudolphi, 1819; 
F. sanguinis hominis Lewis, 1872 ; F sanguinis hominis cegyptiaca 
Sonsino, 1874; F. dermatemica da Silva Araiyo, 1875; F. wuchereri 
da Silva Lima, 1877; F. sanguinis hrminum Hall, 1885; F. sanguinis 
hominum nocturna Manson, 1891; T. nocturna Manson, 1891. 

History. — The Microfilaria was di^^covered in Paris by Demarquay 
in August, r8b'3, in the chylocele fluid of a patient from Havana. 
In 1866 Wucherer found it in Brazil in the urine of patients suffering 
from chyluria. In 1872 Lewis made the important observation 
that its true anatomical habitat is the blood. Bancroft, in 1876, 
discovered the adult female form; Borne, in 1888, discovered the 
adult male. In 1899 Manson discovered that the Microfilaria, on 
disappearing from the peripheral circulation, resorted to the lungs 
during the day-time. The parasite is spread by mosquitoes, as 
discovered by Manson in 1878, who thought that the Filar^ 
escaped from their insect hosts into water, and reached man by 
this means. Later Bancroft conjectured that FilaricB might be 
inoculated directly into man, and about this time sent infected 
mosquitoes to Manson in London. Bancroft’s material was 
investigated, at Manson’s request, by Low, who discovered 
that the FilaricB migrate to the mouth-parts of their insect hosts 
after a period of growth within the musculature. A little later, 
independently, James made the same discovery in India. In 
the meantime Grassi and No'? investigated the life-history ot a 
corresponding Filaria of the dog (D. immitis), and demonstrated 
that it undergoes a similar development also in mosquitoes, choosing, 
however, the Malpighian tubes instead of the thoracic rnuscles as 
the seat of their development. Moreover, Grassi and Noe were 
successful in inoculating normal dogs by means of mosquitoes led 
on infected dogs. Fiilleborn and Bahr have most carefully re- 
studied the subject. . 

Morphology — General Characiers.--Tho. worms are whitish in 
colour, long, and filiform, with a smooth cuticle, and a globular 
head terminating in a simple, circular, unarmed, lipless mouth. 


The tail is rounded. , r i i 

Sexual Characters. -The male is smaller than the lemale, and a 
complete specimen measures on the average 38 millimetres m lengdh 
and 0.12 millimetre in thickness. In the dead worm the tail is spiral 
or much incurved, biP mav be straight during life, according to Mait- 
land. The anus, which is 0-13 millimetre from the 
extremity, is guarded by two projecting lips. The 
are not easily defined, but are said to consist of three ol pre 
anal and three of post-anal papillae. Leiper has recently fig 


fourteen pairs. 
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There are two unefinal curved retractile spicules. The larger 
measures ()-6 millimetre and the smaller 0*2 millimetre in length. 
l'h(‘y consist of a basal portion, which is broad, rigid, and chiti- 
uous, measuring o-i7 millimetre in the larger and o-i2 millimetre 
in the smaller spicule, and a long, thin, colourless, cylindrical, 
slightly undulating terminal portion. 

The fern ah', while more or less transparent, is longer and thicker 
than the male, and measuring 7O to roo millimetres in length, with 
a thickness of 0*185 millimetre. 

The mouth is situated at tlu^ anterior ('xtrcmity, being 8 in 
diameter, and leading into an cjesophagus which passes insensibly 
into the intestine. This terminates in the anus, situated 0*28 milli- 
metre from the incurved posterior end. 

The vulva, situate 1*2 millimetres from the anlerior extremity, 
oj)ens into a single vagina, from which two uterine tubules run 
along most of the length of the body. These' tubules contain the 
(iggs and embryos in various stages of development. 

Cobb’s formula is:- - 

■-0*36, 3*64 (?), 1*22, 99*5 
-0*145, 0*377 (?). ()*25T <''147 

The iiUTiKTator indicates lengths from llie anlerior extremity to (i) base 
of a^sophagns; (2) nerve ring; (3) posterior pharyngeal constriction; (.^) vulva 
in females or middle in males; (5) anus. The denominator represents trans- 
v('rse measurements at the same h'vels. All measurements are expressed as 
))er(('nta,g('S ol \hv total l«ngtl). M tlio piasent tune ('obb’s iormula is not 
acceplt'd as a relial)lf guide to 1 lie parasitii s])e('i( s. 

Life-History.- The males and h'mahts may be found coiled to- 
getlier in tlu' lyinjdiatics of the scrotum, tlu' arm, the leg, hydro- 
cek's of the cord, ('pididymis, or testieU', and more rarely in those 
of the pelvis and abdomen. 1'hc males are less numerous than the 
females. 

WIk'u placed in saline' solutions, tlu'y show active movements, 
coiling and uncoiling themselves for si'vcral hours. 

In the uterus of tlu' h iualc, as has already been stated, eggs may 
bc' nott'd in all stages of de'velopment. 

\i first nc'arly round, nn'asuring 5 > by 34 //,. and containing a 
coiled-u]) t'lnbrvo, tlu' e'ggs be'conu' more and more elongated b}' 
tlu' movements of the embryo, until in the anterior part of the 
uterus they arc' much longer than broad. Finally, the}' escape* 
througli the gc'uital y^iorc', and enter the lymph-stream, along which 
they travel through Ivmphatii' vessels and glands, the thoracic duct, 
the right side* of the* heart, and tlu' lungs, t(j reach the yH'ripheral 
circulation, wln'ic' they are bc'st sc'c'U at night; hence the name 
Mu'vofilmia jiociitriia. In the Idood they app('ar as little wriggling 
tiliforin bodies, knocking the corpuscles about, but not moving 
from the position in which thc'y are lying. The MicrojUaria in the 
blood are said to be a little larger than those in the uterus, which 
is thought by Penel to bc' due. not to growth, but to inhibition of 
fluid by osmosis. 
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They measure from 290 to 320 in length and from 7-5 to 8*4 ^ in 
breadth (Low), and are seen to be long, slender, cylindrical organisms 
with a rounded anterior and a tapering posterior end, enclosed in 
a sheath- -the vitelline or egg membrane -inside which they are 
capable of darting backwards and forwards, because it is longer 
than they are, the empty portion being noted either in front of 
the anterior or behind tlie posterior end of the Microfilaria. Manson 
considers that this sheath is of vital importance to the little parasite, 
as it prevents its using its anterior spine to escape out of the blood- 
vessel, and so losing the chance of its invading a mosquito. 

The anterior rounded extremilv is said to i)oss('SS n, thick hemi- 
spherical proboscis, carrying a minute apical s[)ine, which is capable 
of being covaiicd by a retractile and protractile six-li]qied ])repuce, 
but tin's observation re juires confirmot ion. 

Behind the anterior end, the body can be seen to be composed 
of a transversely striated dermo-musciilar layer, inside which are a 
number of closely packed cells whose nuclei show up clearly on 



Fig. 268.- -Diagram of the Development of a Microfilaria 
{Loa loa Stiles). 

(After Penel.) 


staining. Unstained, the central mass appears granular, but the 
granules are, however, wanting at certain spots, which, following 
Annett, Dutton, and Elliot, may be defined as: (i) A clear anterior 
area from the front to the lirst niick'i; (2) an irregular transverse 
spot situated 21*5 per cent, of the length of the body from the 
anterior end; (3) a V-shaped or transverse irregular spot at 30 per 
cent, of the length, called V-spot by Manson; (4) a median line, the 
central viscus of Manson, whose centre is at 63 per cent, of the 
length; (5) an irregular oval spot often present at 85 per cent., 
called the tail-spot by Manson; (6) a small central spot only occa- 
sionally present at 91-7 per cent.; (7) the clear posterior area 
behind the last nucleus. 

Leiper points out that these areas are not peculiar to the Filaria 
embryos, but occur also in other forms, 'fhe V-spot is the excretory 
vesicle and the tail-spot the proctodanim. The morphology of the 
worm has been studied in detail bv Fulleborn, whose diagram 
s reproduced on p. 637, 
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These Microfilaria! occur in the peripheral blood at night, as 
has just been stated, beginning about 5 7 p.m., and increasing 

in numbers till midnight, and then diminishing till about 7 to 8 a.m., 
when only a stray one may be met with, as, indeed, can be observed 
all through the day until the evening increase begins. There is, 
therefore, a dehnite periodicity — at night the Miorofilarice abound 
in the blood, while in the day-time they do not. 

In the day it appears that they live mostly in the lungs and in 
the large vessels of the thorax. This was shown by Manson by the 
careful examination of films and sections taken from the different 
organs of a man who had Microfilaria hancrofti in his peripheral 
blood, as well as a lymph scrotum and varicose groin glands. 
The post-mortem was made six hours after death, which took place 
almost instantaneously at 8.30 a.m., being due to drinking hydro- 
cyanic acid. By far the largest number of parasites were to be 
found in the lungs and carotid artery, and then in the heart muscle, 
while a few were found elsewhere, especially in the kidney. 



These facts have been conlirnied, but the question as to what 
induces lhc‘ parasites to live in the peripheral blood in the night 
and the thoracic organs in tlie day is not clear. True, it enables 
the Microfilaria to enter the mosquito, but that does not explain 
the problem. Neither variations in atmospheric temperature nor in 
pressure, in light, or in darkness seem to have any effect. Nor does 
the pulse-rate or the individual’s temperature make much differ- 
ence; but there is one factor, first shown by Mackenzie and since 
confirmed by Manson and others, that it is in some way connected 
with sleep; for if a person with Microfilarice in his blood stays 
awake all night and sleeps during the day, the parasites will 
abound in his blood in the day, and not at night. Penel remarks 
that the problem of the periodicity of the Microfilaria and the 
periodicity of sleep in man are connected, and that when one is 
properly solved the other will also be elucidated. 

Recently Bahr has shown that the microfilaria of F, hancrofti 
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in Fiji does not develop so well in Gulex fatigans as it does in 
Stegomyia pseudoscutellaris Theobald, 1910. 

This latter mosquito feeds only by day, and in Fiji Bahr has found that the 
microfilaria occur in the peripheral blood both during the day and during 
the night, and believes that the periodicity usually observed in the micio- 
filaria is dependent upon the habits of the insect host. 



Fig. 270. — Scheme of the Structure of a Microfilaria, showing 
(i) THE Excretory Pore; (2) the Cells, which will form the 
Excretory Apparatus; (3) the Subcuticular Cells; (4) the Genital 
Cells; (5) Anus. 

(After Fiilleborn.) 



The number of Microfilaria in the blood varies from very few 
up to quite considerable numbers, reaching, according to Manson, 
up to 500 in a single film, which gives some 40,000,000 to 50,000,000 
in an average-sized man. This 
naturally raises the question of, How 
many adults do these come from ? 

How long does an adult live ? How 
long does a Microfilaria live ? What 
hnally happens to the Microfilaria ? 

It would seem probable that a given 
Filaria can live several years in the 
human body, and, of course, give 
rise to many embryos. Fuithcr, 
numbers of Filaria can be met with in one individual. 


Fig. 271. — Early Stage of the 
Development of Filaria 
bancrofti Cobbold in the 
Muscles of Culex fatigans. 

(After Looss, from Meuse’s 
‘ Tropenkrankheiten.’) 


Fiilleborn has shown that Mkrofilarice can live in Ihe blood lor 
several months, and observers have thought that they may be 
destroyed by leucocytes and endothelial cells. It is, however, 
evident that they develop no further in the human body, and 
require to be taken into the body of a mosquito before further 
development is possible. 

In the Mosquito . — Abounding as they do in the peripheral blood 
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at night, there is no difficulty for the MicrofUaricp to reach the 
stomach of a mosquito in the tropics, and here and in its thorax 
development proceeds. 

The mosquitoes known to be capable of serving as efficient hosts 
for this development are: Culex fatigans Wied in the West Indies, 
Myzomyia rossii Giles in lr]ilm.,Pyretophonis costalis Loew in Nigeria, 
Panoplites africanus in Central Africa. 



J'lG. 272 . — Latk Stage of the Development of Filaria bancrofti 
CoBBOLD IN Culex futigans. 

(After Looss. from Meuse's ' Tropenkrankheilen.') 

Incoinplete results have been obtained with Culex microannu- 
talus, ( . albopictus, C. tcBuiatus, Cellta alhimana ; and negative 
results in ( . no! asm plus, C. annulirostris, C. hispidosus, C. vigilax, 
( . nigrithorax, ( . procax, A. musivus, Myzomyia funesta, A. maculi- 
pcnms,PuIex serrali ceps, Slomoxys (?), Chnocoris ledularius . 



The M icrofilana’ enter with the blood into the mosquito’s stomach, 
and there escape Irom (lie slieatli by rupturing it at the anterior 
extremity. 

They then pierce the wall of the stomach, and find their way 
into the muscles of the thorax, where they grow considerably till 
1*5 millimetres long and 0-25 millimetre broad. 
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They also undergo development, obtaining an alimentary canal 
and a three-lobed tail. When so far developed, they leave the 
thorax and pass through the prothorax and head into the labium, 
where they remain until the mosquito bites [a man, when they 
escape into the skin by making their way thro igh Dutton’s 
membrane, which is a thin membrane between the labella and the 
chitinous skeleton of the labium, as was demonstrated byLebredo. 
(For further details see Chapter LXV ! .) 

Their further development in man is not known, but in due course: 
they become adults. 

Pathogenicity. — -Usiially non-pa Jiogenic, these worms under 
certain circurastanees can cause elephantoid fever, elephantiasis, 
lymph scrotum, etc., or, in other words, hlariasis. 

Filaria taniguchi Penel, 1905. 

This Filaria was found in a lymphatic gland from a person living 
in Ama Kusha in Japan. Only the female and the microfilaria are 
known . 

The former measured 68 millimetres in length and o-2 milli- 
metre in breadth, and had a non-striated cuticle, a terminal mouth 
with two pairs of papillae, an anus 0-23 millimetre in front of the 
posterior extremity, and a vulva 1*3 millimetres behind the 
mouth. 

The latter measured 164 ^ long by 8 broad, possessed a sheath 
and a truncated tail, and showed a nocturnal ])eriodicity. J.eiper 
regards t his species as the same as F. bancrojti. 

Life-History.— Not knov/n. 

Pathogenicity. — ^Not known. 

Filaria ozzardi Manson, 1897. 

Synonyms. — Filaria Manson, 1897 ; F. juncea Railliet, 1908. 

Ill 1895 Manson discovered a microfilaria in Idood- films from 
natives of vSt. Vdneent in the West Judies, which he named Filana 
dentarquayi, after the discoverer of the microfilaria of F . bancrojti. 
In 1897 he found in blood-films from Carib Indians of British 
Guiana ajiuMuT microhlaria, wiiieii is the same as that called 
F. dema'quayi, but which lie provisionally considered to be a 
different species, and called F. (v-ardi. The name demarquayi 
is pia-occiipied. 

Lately J^enel and Manson have come to regard them as identical, 
(ialgey found the adult females in the West Indies. 

It is found in St. Vincent, Dominica, Trinidad, St. Lucia, in the 
West Indies, and in British Guiana, where it is found in jungly 
districts. The adults live in the connective tissue at the root of 
the mesentery and elsewhere. 

Morphology.— The male has not yet been described, and only a 
fragment of a posterior end has been found. The female measures 
65 to 80 millimetres in length and 0*21 to 0*25 millimetre in breadth, 
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with a bulbous cuticular expansion at the tip of the tail. Anus 
0-25 millimetre in front of the posterior extremity, vulva 071 milli- 
metre behind the anterior end. 

Life-History.— The egg develops into a microfilaria which has 
no sheath, shows no periodicit}/, and measures 2)0 /.a by 5 Its 
tail is tapering and sharp pointed, and it moves actively. Nothing 
further is known as to the life-history. 

Pathogenicity. — Nil. 


Filaria inermis Grassi. 

Synonyms.— (?) Hamidaria lymphaiicci Treutler; (?) Filaria 
palpebralis Pace, 1867; (?) Filaria lahialis, etc. 

Sev^eral female filaria worms have been described from Southern 
Europe as occurring in subcutaneous swellings in various parts of 
the body in man and horses. These resemble the forms recorded by 
Addario and Alessandrini under the name Filaria conjuncUvtB, but 
differ, however, in the position of the vulva. 

(Microfilaria) Le Dan tec, 1904. 

A collective group of the larvae of unknown adult Filariidae found 
in the blood of man and other vertebrates. 

(Microfilaria) powelli Penel, 1905. 

This microfilaria was found b}^ Powell in 1903 in the blood of a 
Bombay policaanan. 

It showed a Jiocturnal periodicit}^ (?), was provided with a sheath, 
measured 131 // by 5-3 fji, and had a truncated tail. 

(Microfllaria) philippinonsis Ashburn and Craig, 1906. 

Asliburn and Craig described this blood filaria in May, 1906. It measures 
0*29 to 0*335 millimetre in length, has no periodicity, is actively and pro- 
gressively motile, and is enclosed in a tight-fitting sheath, within which it 
cannot slip backwards and forwards, and which is only clearly seen at the 
extremities. The anterior extremity is broad, with a serrated prepuce, and 
supports a small retractile spicule. The body has an outer striated musculo 
cutaneous coat and an inner clear portion, with an anterior V-spot situate 
0*105 millimetre from the anterior end, and piercing the outer coat by its 
apex, and opening on tlie surface. 

The central viscus is seen as a convoluted or spiral tube in the posterior 
part of the middle third of the body. The tail-spot is in the centre of the 
posterior third of the body, and opens by the apex of its V on the surface, 
where there is a distinct papilla. The tail begins to taper at a point midway 
between the tail-spot and the posterior end, and ends in a fine threadlike 
point. It is thought that this end disappears during later development. 

The column of nuclei runs the whole length of the worm, being broken by 
unstained areas here and there. In stained species the V-spots and central 
viscus are not seen. 

Life-History.- i his microfilaria develops in Culex fatigans Wied. On 
entering the stomach of the mosquito it escapes from its sheath within twenty- 
four hours, and has pierced the stomach- wall and appeared free in the ccelom, 
where many die, but others develop rapidly, and complete their mosquito 
eye e. Generally by the third day they have left this position and travelled 
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into the thoracic muscles, where they develop. At first there is a decrease 
in length from 0*32 to 0*21 millimetre, but an increase in breadth from 0*0065 
to 0*01 millimetre. 

By the eighth clay the Filaria has increased in length and breadth, and 
shows an alimentary canal along its whole length. 

From this till the eleventh day the development is rapid, and the worm 
now measures from 1*2 to i*6 millimetres in length by 0*04 to 0*02 milli- 
metre in breadth, and has a mouth, cesophagus, chyle intestine, and an anus, 
and the tail has three well-defined papillae. 

From the eleventh to twelfth day the worms are found in the head, and 
by the fourteenth to fifteenth day in tlie labium, lying side by side, with 
their heads pointing forwards. 

Remarks. — -There appears to be every reason to consider this 
microhlaria as merely the microfilaria of F. hancrofli Cobbold, 
1877, because, as Low and Bahr have pointed out, they are 
morphologically identical, while both nematodes live in the tissues 
and are associated with the same pathological signs. Tinally, the 
same mosquito, Stegomyia pseudoscnicllayi^i Theobald, 1910, is an 
efficient host for both. Bahr suggests that the loss of pc'riodicity is, 
probably, a partial adaptation to the habits of tin' intermediary 
host, 5 . pseadosciUellaris, which only feeds by day. This cor- 
relationship between parasite and host Sanibon has hmg- insisti'd 
upon. 

(Agamoftlaria) Stiles, 1906. 

A purely collective group, made to contain agamic forms of 
Lilariid^e which have not yet ri'aclu'd a stage in tlu'ir d('\'elo])in('nl 
permitting their generic determination. 

Species. — {Agamoftlaria) Addario. 1885; (.1). lahiahs 

Pane. 1864; (A.) georgiana Stiles, 1906, (A.) ocith Diesing, 1851; 
{A.) palpehralisVdiQc, 1867. 

(Agamofliaria) conjunctivae Addario, 1885. 

Synonyms, — E. peritoyiei hominis Babes, 1880; E. inevnns Grassi, 18S7; 

E. apapillocephala Condorcdli Fraucaviglia, 1892. 

Remarks. — 1 his worm was first discovered by Bubiui in Ibc eye of a man 
in Milan, then by Babes in tlie gastro-splenic omentum of a woman in Buda- 
pest, then by Vadela in the conjunctiva of a woman in Sicily. Perhaps 

F. palpebralis Paco, 1867, and /'. ociili hiiinuni van Nordmann belong to this 
grc)U]). It is possible that the L, loa described in India was one ot ihcse 
parasites. 

Morphology .—Several females arc* known. It is white in ccjloui , auo 
measures 16 to 20 centimetres in length and 0*5 millimetre in breadth. 1 ho 
cuticle is striated except just around the mouth, but there are neither papilla* 
nor lips. The anus is subterminal, and the vulva close behind the mouth. 
There is a single vagina and a double uterus containing eggs and embryos. 

Graham Forbes has recently recorded a male specimen iroin a soldier m 
Macedonia. 

Life- History and Pathogenicity.— Intermediary is unknown. The worms 
produce subcutani.ous tuiiiours. 

(Agamofliaria) labialis Pane, 1864. 

This parasite was extracted from a small pustule on the inner 
surface of the upper lip of a person in Naples in 1864, and was not 
again described until Pierantoni, in 1908, again found it occurring 
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in Naples. In both cases the female has been found, varying from 
130 to 30 millimetres in length, with a whitish-yellow body, and a 
pointed anterior extremity, on which the terminal mouth, guarded 
by four papillcT, opens. The anus opens 1^0 ji anterior to the 
posterior end, and the viib^a opens 3 millimetres behind the anterior 
extremity. Tlie uterus bifurcates into two branches. 

(Agamofllaria) georgiana Stiles, 1906. 

These immature Filarice were obtained by Graham from a sore on 
the leg of a negn^ss at Darien. 

They were cylindrical in shape, with a more or less uniform 
diameter, gradually attenuating towards both extremities. Mouth 
terminal, central, circular, small, unarmed, and surrounded by 
six papilL'e, four of which were prominent and sub-median; two 
were smaller and latero-median. Anus a transverse slit, situated 
from 64 to 128 [M from the posterior end. Tip of the tail, with 
conical projections, 8 to 13 /jl in length by 4 /r in breadth. Excre- 
tory pore 0*432 to ()-52o millimetre from anterior end. 

Cuticle without striation, except some very fine transverse lines 
near the anus. Median lines visible in glycerine specimens. Lateral 
bands rather prominent, with longitudinal, sinuous ridges hang- 
ing into the body cavity, and with longitudinal canal emptying 
into excretory pore. (Esophagus simple, 2-5 to 2*9 millimetres in 
length, triradiat(‘ on section. Chyle intestiiu^ straight. Rectum 
200 long. J^>oclv-cavity almost completely occujncd by the 
intc‘stiii(e latt'ral longitudinal glands, and reticular formation, 
which is probably tin' primordium {Anlai^e) of the genital apparatus. 

(Agamofilaria) oculi von Monlmani), i<S32. 

Synonyms,— - 7 'V/ffr/a vculi humcuii von Nordinann, 1882; li. Icntib ])iosing, 

'I'licse am iininatiiiv lil;i.rial worms, found in cataracts by von Nordinann, 
(k'sclicidl, and l\i/hnt. Ikaun rejects those by Quadri, Fano, vSclioeler, and 
Fverlnisch. The common error Iktc apjiears to be to mistake the remains of 
the liyaloid artery for a })arasite. TIk^ worms measured from 0-38 millimetre 
up to 12-0 millimetres in length. 


(Agamofllaria) palpebralis Face, 1867. wcf Wilson, 1844. 

This 1’ liana was removed Irom a tumour in the upper eyelid of a boy. 


Acanthocheilonema Cobbold, 1870. 

Filariidcr with thin filiform bodies provided with smooth cuticle, 
which is only striated longitudinally. Mouth iinanned. Posterior 
extremity in both sexes provided with two short conical cmiciiler 
ti‘rniinal appendages situate near the terminal point. Males with 
four pairs of pre-anal and one pair of post-anal papilhe and two 
unequal rod-like spicules. Female viviparous; vulva situate in 
the oesophageal region. Ibirasites in serous cavities of Carnivora 
and Primates. Embryos in general circulation. 
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Type.- — -Acanthocheilonema dracunculoides Cobbold, 1870. 

Other species arc A . Persians Manson, 1891 [A . recondita Grassi, 
1890; and A. grassii Noe, 1907.) 

Acanthocheilonema perstans Manson, 1891. 

Synonyms. — -Filaria perstans Manson, 1891 ; F. sanguinis hominis 
minor Manson, 1891; F. sanguinis hominis perstans Manson, 1891; 
F. ozzardi (variety truncated) Manson, 1897. 

History.— The microfilaria was first found by Manson in the 
blood of negroes from the Congo. Daniels found the adults in 
British Guiana. The geographical distribution known at present 
is Tropical Afrii^a and British Guiana. 

Morphology. — The adults are found, as a rule, free in the con- 
nective tissue at the base of the mesentery, around the pancreas, 
behind the pericardium, and behind the abdominal aorta and the 
suprarenal capsules. The body is cylindrical, uniform, except 
towards both ends, when it tapers a little. 



Fig. 274. — Embryo of Acanthocheilonema perstans Manson. 


The male, rarely met with, is 45 millimetres in length by o-6 milli- 
metre broad, with a greatly curved tail, which ends in a bifid pro- 
longation of tile cuticle. Low desiU'ibes two unequal spicules and 
four pairs of pre-anal and one of post -anal papilke, all of which are 
verv small. According to T.eiper there are two pairs of post-anals. 

The female is 70 to 80 millimetres in length and o*i2 millimetre 
in breadth, with a rounded head and a long neck. The incurved 
tail ends in two triangular cuticular lobes. The mouth is sirnple 
and small, and the alimentary canal shows no differentiation into 
oesophagus or intestine. The anus opens upon a papilla 0-145 milli- 
metre in front of the tip of the tail. The uterus is double, and, 
when full of eggs and embryos in various stages of development, 
nearly fills the body. The vulva i o-6 millimetre behind the anterior 
extremity. 

Life-History. — -The egg undergoes its development in the uterus, 
and the microfilaria escapes from its egg membrane and appears 
in the peripheral circulation without a sheath, and, consequently, 
can move about on a slide. It measures 190 to 210 in length and 
4-5 to 5 fi in breadth. It is covered with a finely striated cuticle, 
and has a retractile spine, situated (apparently) upon a papilla at 
the anterior end of the body. The posterior two-thirds of the body 
tapers to the tip of the tail, which is abruptly rounded off. 
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It does not apjx'ar to have the central viscus seen in microfilaria 
of F. hancrofn. In stained si)ccimens there is an area free from 
nuclei anteriorly, a transverse break al 34 /*> V-spot at 49 p,, and 

the tail-spot at 125 

A short type, measuring 90 to 100 //., has been noted. There 
is no periodicity in its appearance in tlu' i)eripheral blood. It 
never occurs in large numbers, but it is alvva\'s there day and night. 

Many uiisi'ccesstul attemjys haw* berii made to trace its life- 
liistory. Its Jai'Mc art' said to lia\ e bet'ii loiind in tiu' tluirax in 
Pan(,plitcs [ajnainus d, S/r^nifiyia Jasciald, and 'Juniitrliync/ius 
fnscopennaius. It vcill not dewloj) in a large miinht'r of blootj- 
sucL'crs c.g., species of Anopheles, ('iilex, Pidex, rcdicifliis, and 
Uranidenia. ^^d',llnKUl and idddliam claim to h^ivo found its 
development in a tick (Orniffiodoros mouhaia), as snggestetJ 

by riirisi'c. According to lau'jier, iio\ve\Tr, thf'se are sjierrnato- 
])ho]'es ! 

It is to b(' noted that it only occurs in areas covered with dense 
forest and jxissessing swanijis, which indicates that the Ijost prob- 
alily requirf'S shade, in the day and water to lay its eggs in. 

Pathogenicity. Nil. 

Dirofilaria Jvailliet and Jleniy, iqii. 

h'ilaiiidie witli v(iy long Jiliform body, with a striated cuticle 
uiij)i()vided with Ixisst's, mouth iinarnu'd, with six ct'phalic ])apilhu. 
Mal(‘s with a sipiial tail. Idanale witli vulva in anterior hundredth 
of laxly, ^d^'i])a rolls. 

Type. .1 >irolil(iri({. i jjiiiiids I.eidy, 1856. 

Dirofilaria magalhsesi J>laii(hard, 1895. 

Synonym.- JA Innicrojli i\lagallKes, i8()2, nee ('obbold, 1877. 

In 1887 '\Iagalh;es (lescribeil male and femah' forms of a Filaria 
found by Idgc'ira de v^aboia in the left ventricle of the heart of a 
child in l\io dr Janeiro. 

I'or a time, it was mistaken for F. hancrof/i, but in 1894 Manson 
pointed out that it was a different species, and in 1895 Blanchard 
gave it the ])resent nanu'. 

Morphology.- llu' worms were white, opalescent, and trans- 
\'erst'ly striated, tlu' head club-shajxd and simple, mouth teiminal, 
(eso])hagus with a Inilb, and tluax' was a roundc'd tail. 1 he mah' 
nu'asured 87, millimetres in lengtli and o-28 to 0-4 millimetre in 
breadth, aial ])ossessed a rounded tail, with a (doaea o-n milli- 
iin'tre from its ti]), with two s])icuh‘S and four ])re-anal and three 
post-anal pairs of papilla*. 

The female was 155 millimt'tre'S in length, and o-b to o-8 milli- 
nK'ti’e in brf'adth, with a vulval ojx'ning 2-5() millimetre s liehind the 
mouth, and an anal eipe'iiing o-ig millimetre in front eif the tip of 
the tail. 

Life-History and Pathogenicity.-^ Ibiknown, 
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Diroftlaria immitis Leidy, 1856. 

This worm lives in the right heart and in the \ eins of the dog, and also of 
the wolf and the fox, in Europe and tropical regions. It is very common in 
China and Japan. 

Bowlby is commonly reported to have found it in the portal vein, kidneys, 
bladder, ureters, and lungs of an Arab, and also in a rectal tumour in a youth, 
but this is quite erroneous, as he never m;;.dc any such statement, for the 
eggs in the bladder and rectum, and the parasites in the portal vein of the 
Arab, were Schistosoma hcDmatohiitm, as he carefully reported, never mentioning 
1 ). immitis. Braun, however, seems to tliir x it possible that this worm may 
occur in man. 

Morphology.. -The wo.m is long, measuring 12 to 18 centimetres by 0*7 to 
o-g millimetre in C -' male and 25 to 30 centimetres by i-o to 1*3 millimetres 
in the female, and filiform, with a smooth rounded cuticle and a roumU'd 
anterior extremity, on which is situated the terminal mouth with six small 
papillae. Tlie anus is subterininal, and the posterior extremity pointed. 

The male has a twisted tail with a cuticular fold on each side, and four pre- 
anal and post-anal papillm. In the female the vulva is 7 millimetres from the 
anterior extremity. Viviparous. 

Life-History. — The young larva?, 283 to 295 by 5 are not enclosed in 
an egg-case, and have a tapering posbador extremity. They appe^ar in the 
peripheral blood particularly at night, when they may enter a mosquito if it 
bites the dog. 

They enter the Malyaghiaii tubules or their epithelial cells, where they 
moult and grow, eventually passing via the body cavity to the labium. 

They escape through Dutton’s membrane on to the skin when the 
mosquito bites, and so enter the dog. 

Loa Stiles, 1905. 

Filariidte with bosses on the cuticle and with large' caudal papillte. 

Species.— loa loa (iuiyot, 1778. 

Loa loa Guyot, 1778. 

Synonyms ~ 'Filar i a ocitli Gervais and van Ihnedcn, 1859; 
DracitncitUis ociili Dicsing, i8()o; 1). loa Cobbold, iHOq; F . subcon- 
jiinclivalis (iuyon, i8()4. 

The larval nanu's arer^ F. sanguinis honiinis v^v. major Manson, 
1891; F. dinrna Manson, 1891. 

History.— -That a Filaria occurred in the eye appears to have been 
known since the end of the sixtecuith century in ituropc, and prob- 
ably in Africa, especially in Angola, where it was calk'd ‘ loa. i hat 
knowledge must have been very ancient. Mongin in 1770 appears 
to have been the iirst person to record the presence of a wonn 
in the eye. Guyot, in 1778 and 1805, thought it was a Slrongylns, 
and used the term ‘ loa ’ for the iirst time in Turopean literatiue. 
In 1891 Manson foimd a microfilaria in the blood of several negroes 
from the Congo which diffc'red from thos('. already dt'seribed, and 
winch he named Filaria diiirna, and iiirther suggested that it 
might be the larva of L. loa. Since then this hypothesis has been 
proved to be correct by the observations of Penel, Trout, Hcnly, 
J^ruinpt, Wurtz, and Kerr. L. loa and Microfilaria dinrna au', 
therefore, simply different stages in the life- history of the same 
parasite. 



NEMA THELMINTHEE 


646 

L, loa is a parasite of the superficial connective tissue— the 
conjunctiva, the subcutaneous fat, and the superficial aponeuroses 
in all parts of the body. It probably only occurs in man, for 
its alleged existence in sheep and goats in the Cameroons requires 
further investigation. Its endemic area is on -the W est Coast of 
Africa from Sierra Leone to Benguela. being most common in Old 
Calabar, the Cameroons, and the Ogome River. It is, however, 
by no means conhiied to the coast, for it is known to penetrate at 
least 600 mih'S into the interior of Africa. 

TJi(‘ cases reported from India are of doubt fill validity, and tlie 
cases from the West Indies and South America appear to have all 
been imported from the WR^st Coast of Africa. 

The parasite appears to have never become' eiuk'inic outside a 
given area, which means that the animal b}^ which it is spix'ad has 
a restricted geographical range. 



I"iG. -'75 . — Loa loa Cobbold. Fig. 276. — Loa loa Cobbold. 

1\)STKK10K FxTRKMITV OF THE POSTERIOR EXTREMITY OF THE 

Mai.e. Female. 

(After Looss.) 

worm, with a body tapering to each extremity, and measuring 
25 to 3.1 milliuK'tres in length and 0-273 to 0-430 millimetre in 
breadth. Ihe head is like a truncated cone; the neck is but 
feebly indicated. The tail, more or less incurved, has a rounded 
tip, from which the anus is distant 74 to 82 //. There are three, 
pairs of well-marked pre-anal and two pairs of post-anal papilUe, 
with sometimes a little tubercle on each side of the middle line far 
posteriorly. 

The spicules are two in number and unequal, and are usually 
stated to dilfer but little in length. Penel says that the larger is 
traversed by a fine canal, ojiening laterally a little distance from the 
free extri'inity. 

The cuticle consists of a superficial, thin, translucent la^a^r and 
a deeper perpendicularly striated laytT. Scattered over this 
cuticle there are rounded thickenings, or bosses, the smaller being 
9 to II and the larger 14 to lO ^ in height. The thickness at the 
posterior extremity is variable, as also is the constriction correspond- 
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ing to the neck. The viscera are enclosed in a cylindrical musculo- 
cutaneous tube. Tlie mouth is terminal, small, unarmed, and sur- 
rounded by a powerful muscular cone; the (esophagus is short, and 
without a bulb; the intestine opens via the rectum at the anus, 
near the posterior extremity. The excretory pore is o*^^5 milli- 
metre from the anterior end of the body. 

The genital apparatus consists of a tubular testis and vas deferens, 
filled with spherical spermatozoa, which terminates in a vesicula 
seminalis situate in the neighbourhood of the bases of the spicules. 

The female is larg(U' ami thicker chan the male, measuring in 
the fresh ccMj.lition 44 to 63 millimetres (may be from 32 to 57 milli- 
metres in diffenmt conditions of preservation) in length, and from 
o*3(S to 0*49 millimetre in thickness. The cuticle and anterior 
extremity resemble those of the male. 

The genital system consists of a vulva situated on a little eleva- 
tion 23 fi in height, and distant some 2*5 millimetres from the 
anterior extremity. This vulva leads into a thick-walled canal- - 
the vagina — from which the two uterine tubes full of ('inbryos and 
eggs diverge, and end in the ovaries. 



Life-History. — The life-history, unfortunately, is not well known. 
The unsegmented egg, starting in the uterus with a length of 32 p, 
and a breadth of 17 fi, grows into 40 by 25 in the morula stage, 
and 50 by 23 /m in the stage when a twisted and rolled-up embryo 
can be seen. It now approacdies the vulva, and the embryo unrolls 
and elongates itself inside the egg mc'.mbrane, which is now con- 
siderably lengthened, measuring 250 to 260 /.t in length by 5*5 to 
()-f) fji in breadth. The embryo now escapes from the mother, and 
})asses via the lymph-stream into the blood, where it is known as 
Microfilaria dmrna, and is noticed to have increased somewhat in 
size, which Tenel considers is due to imbibition of fluid by osmosis, 
and now measures 298 by 7*5 /a. It will be noted, however, that 
it does not quite fill up its sheath, which is generally empty in front 
and behind for a short space, d'hesc embryos are only to be found 
in the peripheral blood during the day, and not at night, but they 
have no relation tcj sleep in the host like M. hancrofti, as they 
are unaffected by altering the habits of the host, and making him 
sleep in the day and work at night. When examined lUKhr the 
microscope, they can be seen in irregular curves, which are different 
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from the graceful curves of M. bancrofti. The anterior V-spot 
can be seen, and probably opens at the apex to the exterior, as 
Pcnel has observed that the stain penetrated easily at that spot; 
probably tliere is also an opening at the tail-spot. In stained 
specimens tlu' lirst H is clear, without nuclei; at 62 ^the column 
of nuclei is brokc'n Ijy an irregular transverse spot; at 99 // by a 
triangular spot; at 253 by a large and at 267 ^ by a small spot. 
'Die last niK'h'i iuv arranged in single lile. One noticeable thing 
about lli('S(' t'rnbryos is the scarcity with which they are met with 
in tlie peripheral blood as compared with those of F. bancrofti. 
No ('Xplanation of this is forthcoming at present. 

It has bc'en thought by Manson that the further stages of the 
life-history will l)e found in a mango-fly {(Fry sops diniidiaius), and 
this has b('('n shown to be the case by Leiper, who also finds a 
devcT)])ment in (J. silacea, but the method of infection of man is 
unknown. 

Aft('r ( nlering the human body, it would appear probable that 
the worm takes some three to four years to reach sexual maturity, 
unci that it is long-livc'd — i.r., fifteen or more years. The reason for 
bc'lieviiig this is the fact that immature forms may be noted in 
childrcai and the fully grown wonii found in the adult. When the 
worm dic'S, it may become cretified. 

TAia.ic siK.wTNci Tine Differences between the Embryos of Filaria 
hn.froj'ii and fjxi hxi^ (Modified from Dr. G. C. Low.) 


A\'('r.i,Rc li .. 

in cells from lusul 
V-s])ot from lu'.'ul 
(nvcnigc) . . 

Ch;irn('i('r of cinncs in 
(li'icd spool mens oil 
slides 

JVriodioity 


P('riodicity wlioii Unhits 
of sU'ejiiny and \vak- 
iiiy changed 


]<i!aria hmicvofli 
Jvmhryo'i. 


f inillinudre 
f)*oo 8 .po*oo 75 millime- 
tre 

< 1*050 millimetre 
o*e<F) millimetre 
0*030 X 0*053 millime- 
tre 

Sjiiral coils 

in blooil at night (or 
in equal numbers in 
blood by day and 
night, Fiji, etc.) 
Inverted 


Loa loa Embryos. 


0*245 millimetre 
o*oo 75 -o*oo 70 millime- 
tre 

0*042 millimetre 
O’obo millimetre 
0*042 X 0*033 millime- 
tre 

In wavy lines 


In blood by day 


No change 


Pathogenicity.- -It may be noted under the skin of the finger, the 
back, tib' breast, the scrolum and penis, the eyelid, under the 
conjunctiva, the mucosa of the tongue. It moves quickly, and 



ONCIIOCERCIN/E 


649 

may cause itching, creeping sensations, so-called Calabar swellings, 
irritation of the eyes and of the glottis (see Chapter l.XXX VI 1 1 .)• 

Setaria Viborg, j 795. 

Synonyms. — Hamulayia J'rf^utzlcr, 1793; Tcniaoularia Zc'Jcr, iSeo, ncc Bos;;, 

1797- 

— E ilaviid(B with chitinous ring (a.nd papillx around tlio mouth.) 
which is deeply notched laterally and less so dorsally and venlrally. Ta,il 
in both sexes with caudal appendages. Barasitic in stuous cavities ol 
ruminants. 

Setaria equi Cmelin, 1789. 

Synonyms, — Gordius cquimt^ i\hh\h\, 1789; l<ilari(i cquiGmvXiw, 17S9; llaniu- 
laria lymphatica Treutzler; Tcnlacularui suhcoinprcssa Zeder, iSoo; I'ilariu 
papulosa J^udoljdii, 1802; F. heminis brorickialis Rudolphi, 1829; F. Jiomiui’i 
Diesing, 1851; Strongyliis broriclnalis Coh\)tAi\, i87(). 

History, — -Setaria eifiii is frequently found in horses an<l asses, generally 
in the abdominal cavity, but also in the livaug female genitalia, and cranium. 

It is doubtful whether the immature Filaviee, so commonly nud valh in 
horses' eyi-s in India and (ieylon, belong to this s])c'cic s. jOailliet lias .la i ( nils' 
put forth the view that they are due to the ca.ttle tdaria, J'. (a})ii(to pagUinsa . 
Other ('ases have Ix'en noticc'd l)v Blanchard. Brera, and \'on lansiow. 

Morphology. — Wliitish filiform body, pointed ])ost('riorly, CutiOe with 
delicate transverse striata, and mouth sma,ll, round, with chitinous ring and 
two lips, and papilliform })rocosses dorsally and veiitra.lly, and two sub- 
median papillae. 

Male 0 to 8 centimetres in length, with posterior extremity s])iral, with 
four pre-anal and four post-anal papilhe, and two umvpial spicules. 

Female 9 to 12 centimetres. 

Pathogenicity. — N il . 

Subfamily Onchockkcin.f TaiiMr, 1911. 

Onchocerca Diesing, 1841. 

Synonym.- Creplin, 1846. 

FilariideC with thick cuticle possessing spiroid thickenings. Male 
with always four pre-anal papilke; female' very long, wdth vulva 
situated anteriorly. Vivijxirous. Ntinu' derix ed from llyKo^ (‘ a 
hook ’) and nepKos C a tail 

Species.— (Mc/jdrcrrd volvulus Leuckart, 1893. 

Other species are common in cattle — (). Cleland and 

Johnston, 1910. in Australia, O. oifU'urosa Neumann, 1910, in Algeria 
and Tunis. They cause onchocerciasis. Cleland ‘And Johnston 
suspect that 0 . gihsoni is spread by lice, especially Hcrmalopiniis 
vituli. They report finding a Protozoal parasite somc'what like; 
a Herpetomonas or a Crithidia in O. g^ihsoni. 

Onchocerca volvulus Leuckart, 1893. 

This worm was discovered by a Oerman medical missionary in 
two tumours on the scalp and chest of negroes in the; (iold ('oast 
Colony, West Africa. Labadie, Leigravc, and Deguy found another 
specimen in a small swelling in the arm of a soldiea' from Dahome y. 
Prout next described two case;s in SieuTa Leone, anel Brnmjit a 
number of cases in liis tour in West Africa, and Ihilleborn has 
thoroughly studied the condition. 
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It is found in Sierra Leone, Gold Coast, and Dahomey; but on 
the Welle, betwe en Dongon and M’Bini, it is said to occur in 5 per 
cent., and on the Itumburi, between Bonta and Idembo, in I per 
cent, of tlu' population. It has not been recorded as far south as 
the Congo. Theze has recordc^d three cases from Dutch Guiana, 
and LeijHT has reccaitly confirnu^d its occurrence in Guatemala, 
where, according to Robk^s, the infection is very common, 

Morphology. Tlie male worm has a wiiitc' liliform body, slight! 3/ 
attennat(‘d at the ends, covered with a transv('rs(']y striated cuticle, 
measuring go to 35 milliimdres in length and 0-14 millimetre in 
breadth. 

Th(‘ lu‘ad is roundc'd, tiie mouth unarmed, the alimentary canal 
straight and undilUTcntiatc'd, tlu' anus subtcrminal 0*049 milli- 
metre in front of the postcador (‘ud. Other canals iire reported, 
which ju'obably Ixdong to the generative and ('xtretory S3^stems. 

Tlu‘ fail is strongly recurve^d, and somewhat flattened on its 
concave*, aspect. ]lrum])t r(‘])orts three pairs of pa])illa‘ on (*ach side 
of tin* anus and three* ])aiis of post-anal ])a])ilhe. I'here arc two 
iine'eiual s[)icules, the large'r 177 and the smaller 82 ji in length. 



The* fe'inale* is le)ng('r and thickcJ' tlian the male, measuring ho to 
7e) milliiue'tre'S in length aiul e)-3() inillimedre in bre'aelth. The 
cuticular striations are* ring-like* and well markeel. The. tail is 
recurx’e'el. The* ute'i'us is seen full of c'ggs and laixs^e, and the vulva 
is e)-7() millimetre fre)m the* ante'iior vm\. 

Life-History. 1 he* we)rm is saiel te) lie* in a Lanjdiatie*, which 
become*s intlame'el, and a ])e‘ril3’mj)hangitis cause's a ce)nde nsation 
e)f ce)nnecti\'e* tissue*, in which males anel fe'inale-s are* embe'dded, 
leaving the* ])e)sterie>r e'liel e)f the* male and the* ante'rie)r end e)f the 
female* fre-e* in the* l\in]>h space*. The* einbiy e)S pass out e)f the uterus 
inte) this space. whe*re the'3^ e an be* found 250 to 3e)0 jjiiu length, anel 
5 te) () in bre'adth, with a rounele*d he*ad and a boely which tapers 
during the last fifth, and ternunate*s in a j)e)inted taik There is ne) 
sheath. The* ante*rie)r V-spot is clearlv se*e*n. The microfilaria have 
ne)t be'e*n se*e'n in the* bloeiel, and the*ir further developme*nt is cjuite 
unknown. 

The* einl)r\'o> have* re*cenllv bee*n feiuiul in the* bloetti, and Brum])t 
is inedine*el te) think that the further eh‘vele)])ment will be in a tsetse- 
ily, Ihe aelults lix e le>r \a*ars in llie human boel\x 
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Pathogenicity.— Lymphangitis, perilymphangitis, sometimes acute 
and with fever, and resulting in small tumours, ar(' tJieir })ath()logical 
signs. 

Family 7. Dracunculidj^: Lciper, 1912. 
Dracunculus Kniphoff, 1759. 

Nematodes with small males and long f('mal(‘S. In llie latU'r 
a vagina is wholly absent ; the embryos l)eing discharged by rnplni e 
of the gravid female. 

Dracunculus medinensis (Linnaus, t75(S). 

Synonym s.~-Z>mr7r;7Cw//Ls' vcierunt Velsch, 1(74 ; Wnia mcdincmds 
Velsch, 1^74; Dracimculus pcrsariim Kiimpfer, ihor; (A)vdvus medi- 
nensis Liiimeus, 1758; Filaria draciniculns iJninser, 1819; F.adhi- 
opica Valenciennes, 1856; Dracunculus mcdinoisis (\)bbold, 1894 . 

Dvaciincnhis medinensis, commonly calk'd the giiinc'a-worm, the 
dracunculus, Beinwuim, Brachwasserwurm, lank worm, or dragon- 
nt'aii, is endemic in tropical Africa, India, Jkrsia, Turkestan, 
Arabia, and some places in South America, to wliicF it was imported 
from Africa. 


Fig. 279 . — Vracnncnhis medinensis Linn/eus. 

It has been known since the most remote' periods, and it was 
probably the fiery serpt'ut mentioiKakby Moses, who apparc'utly 
knew the method of twisting tlu^ worm out on a stick, as he appears 
to have made a modc'l of this method of extraction. Galen called 
the disease caused by these worms dracontiasis. 

The anatomy of the worm was candully studied by Ikastian in 
1863, fiiA infection of Cyclops with tlu' larva was observed by 
Fedschenko in 1870, and confirmed later by Manson. Cdiarles 
found a calcified guinea-worm in 18(^2, which he described as the 
male. 

Leiper, 1907, has repeated these experiments, and has further 
proved that when monkeys are. fed on ink'ctcd Cyclops the males 
and females can be found. 

Morphology, -The female is a long white filiform woim 50 to 
80 centimetres in length and 0*5 to 17 millimetres in diameter. 

The anterior end is bluntly rounded, and carries the small terminal 
mouth, which has two lips and two lateral and four submedian 
papilke. It leads into a straight alimentary canal, which atroj)hies 
considerably in the fully developed condition. The large uterus, 



652 


;V fiMATHr.LMISTUE 5 


occupies the wl.olc lenglh of the body when filled with 
orUicuates its contents by a rujifure close to the month 

tail IS roiinclcd otl, and 


which 

embryos, v .... — 
and just external to the ]iapill;e. 

carri« a sinail ;n,;,|y aa n,illi..K.t,va in length, and 


llie connecliha' 


Lf'ipt'r states 

has jxiirs ()/ jeipiJlae i t 

Life-History.^ -The males and females in c' , 

tissue .dxHil the meseiiterv, and after copulation probably the males 
die off. W’hei) the female is gravid, she moves, head fust, nappai- 
eully ill s -an il of wider, usiiidly downwards towards the leg oi 
foot ; more* rarely slu‘ moxa^s to Hie liand or arm, and very rarc'ly 
to tlu' Jiead. Arrivad iiruha' llie epidermis, she* liores lier way 
lliroijgli the det'p laym's, wliile a little bulla on the surface marks 
Iku' prcstMiCf'. 

When this bulla, bursts, a small hole is seen, at the bottom of 
which li('s Hut vulvai, throu^di which tlu' tub(‘ of the uterus has 
pi*ola]:)S('d, bi'iidin^ the head to one side, ('k'ar fluid can lie sc'cai 
escajiing from tliis tube, which, when examined, is found to be full 
of euibryos. 



Ibm. 280 . ;L\kva of Draciinculiis mcdincnsis LiNNams. 
(Afitir Looss, from Mouse’s ‘ Tropciikraiik]i(‘itoD.’) 


'riu' se[;iueiitation of tlu' egg takes place in the uterus, and the 
embryos arc born alive. Tlu^y are flat, pointed little bodies. 
0*6 millimetre in length and 17*5 jj, in breadth, with a narrow, very 
jioiutc'd tail. The mouth is at tlie autiTior end, and leads into an 
alimentary eaual with an anus. There is a little sac on each side 
ol the root ol tluHaiL According to Leiper, tlu'se little larva- cannot 
swim, ])u( eillu-r die; or a,r(‘ swallowed lyy ^.Cyclops. In this cnista- 
('.(Mil t lu'v ]);lss Irom the si omach into the C(elom, vdiere tlu-y diA'clop 
ior h)ur Wf-cTs. Loipf-r (k-scribi'S tke first eedysis as taking ])lace 
about tlu; seven! li to niihh day, and the second between the tenth 
and ele\'eiilh da\s after wiiicli ])rogr('Ssive kistological changes occur. 
After liu- lonrtli week no further change takes ])lare, though tlu-y 
can li\a‘ lor forty oiu* days in t lu^ (-vclups. Wlieii placed in 0*22 ])er 
Cf'iil. solution of liydi ochloiic acid, the Cyclops is pronpitly killed, 
while tile lar\M a])pearsto 1)0 slimnlat(-d, undergoing eedysis, and 
escaping from llu- ( vclofys hy horiiig its way tliroiigli the chitinons 
cuticle. In a monkey k‘(l willi infected ( vclops, three females and 
Uvo males w'eie loiiiid. It is, tluTefore, correct to assume that man 
is iiihvtf'd by ingesting inlected (\ycl(p's with liis drinking-waiter, 
and it is probable that, s(^t tree in the stomach, the larva- enter the 
conneoti\’e tissue by boring their waiy tlirongli the stomach-wall. 

Pathogenicity.-- ilie worm causes draeontiasis (sec Chapter 

LXXKVIIl.). 
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Family 8. MKRMiTiiiDAi. 

Ncmatoda witli a diagonal fibre system in the cuticle, without anus, and 
w'ith six mouth papilhe. 

The male has two spicules and three rows of numerous pa})ill:e. 

G enus . — M ermis Du j ard in . 

MermiS Dujardin, i8„j5. 

Mcrmithidie possessing the characters of the family. 

Subgrenus (Ag*amome ’mis) Stiles, 1903. 

A purely collective group, which coniains forms sexually immature and 
not ca.p;ible of being dennitely placed. 

(Agamomermis) restiformis Leidy, 1S80. 

Synonym,— Filaria rcstiform/s 'Lcidy, jSSo. 

In 1880 Leidy received from AVoodward a worm which w'as supjiosed to 
have come from tlie urethra of a man living in America. Stiles has re- 
examined this specimen, and concludes that it is an Af’^amomennis. 

The cuticle is 32 to 48 thick, wdth a diagonal fd.ire systcun. The luaidcnd 
is attenuated, and possesses a very small terminal mouth without lijis, behind 
whicli arc six papilhe. The excretory pore (?) is 0'.f.|2 milliinotre behind the 
mouth. The pharynx is straight, ami opens into the cylindrical inlt'stine, 
which is a dark cmcal structure; but there is no anus and no ciunhil ]>ainlla2. 
The tail is curved ventrally and bluntly roundiul. 

On one side of the (esophagus there is a bliml sac, which piadxibly represents 

the fat body. -i * . i 

1 ^'ilaria (?) honiinis ovis Leidy, 1S50.— -Perhaps this worm ought to oc 
classified lu'rc instead of under Tilaria. 

Family q. AscARioyL CobFold, i8()4. 

Dsfinition. — Nciviatoda. witli throe lips, one mc'dian doisal and 
two snbinedian ventral, touching one another in ventral inedian 
line; (esophagus with a. hull). Male witli (one or) two spicules, 
female with two ovaries. Oviparous. Devc'lopnient believed to 
be clircct. ^ . . 

Genera,- — Ascaris, Toxascaris, Belascaris, and Lagochuascaris. 

Ascaris liniKtnis, 1758. 

SyiiOliyitis,'~-Sfo}nacJnd(i Pereboom, 1870; Fiisciyia Zeder, leoo. 

Definition^- Ascariche in which the oral cavity is surrounded by 
three large lips provided geiK'rally with dtaiticulatcd hordeis, one 
placed dorsally and two ventrally. Male with two equal spicules and 
numerous pre-anal and post-anal papilhe. Vulva in front of the 
middle of the body. Shell of (?gg thick, with outer albuminous 
layer often raised into numerous projections. 

Species.- -A lumhfu'oidcs, A. texana, A. }}iarih7}ia. 

Ascaris lumbricoides Linnscus, 1758. 

Definition.-— /I seeifiA' with reddish-yellow colour in fresh condition. 
Oral papillae finely toothed, without interlabia. 
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Remarks - Tl ii"' isonr of the most common parasites in the tropics. 
Itis, howcvi')-. possible IlKit other spocic-s escape rcrognilion by being 
casually consideivd to he elsraris IwnJiricoidcs. It is usually met 
with' in the si " bowei, but may be found post mortem in the 



J'iT.. i^cSi. — P eyflopment of Jscaris liimhricoides, 
(After Stiles.) 


stono'u li, a\s()])hc'i;^us, month, nose, larynx, trachea, or bronclii. It 
may also Ix' found eseajhnf; from the anus. Mori' rarely it has been 
sc'cii in tin lixer, causing abscessi's, in the j.^ancreatic duct, and in 
tlie \’ermiform appendix, and in worm al^St isses in tlu' body-wall. 



U!^uaily it gives rise to 
no symptoms, but at 
times, whi'ii in large 
immbiu's, it may cause 
pathological effects. 

Morphology.- It is yel- 
lowish in colour, with 
often a faint trace of a 
ri'ddisli tinge. In fonn 
it is spindle-shaped. Male 
is 15 to 25 ('entiinetres in 
length and 3 millimetres 
in diameter, dhc pos- 
terior extremity is conical, 
and bent vent rally, with 
two spicules 2 millimetres 
in length, and broader at 
the tips. On each side 
of the cloaca there are 


IIAICHED . 

(Microphot ograph by J. J. Bell.) 


seventy to seventy-five 
papillae, of which seven 


pairs are post-anal. 
I'emale is 20 to 40 centimetres in length by 5 millimetres in 
breadth, d'lu' vulva is at the junction of the anterior and middle 
thirds of the body. 


Life-History.- -The eggs an' laid in the small intestine, and appear 
unseginentcd in the heccs. They measure 50 to 70 ^ in length by 
40 to 5Q ^ in breadth, surrounded by a thick transparent shell, 
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which has an externally irregular coating of albumin, which is 
stained brownish-yellow by the stcrcobilin of the hecef . These eggs 
can stand alteration in temperature and moisture. In warm, moist 
earth the embryo appears in about a month in the form of a spiral 
roll, but docs not hatch until it reaches the interior of man, when it 
develops into an adult, as was sliown by the experiments of Davaine, 
Grassi, Calandruccio, Liitz, and Epstein. 

Leuckart and von Linstow believed that an interincdiatc host was 
necessary. Stewart has sliowu tluit ' larval forms aftca' hatching 
from tile eggs pass into the liver and Iheiuu' by the Idood-sireain to 
the lujigs, whence t]»ey reach the stoniacli by migrating up the 
broiadiii and trachea. 

Stiles found that the house-fly could carry the egg, which passed 
through its alimentary canal unaltered. The worm tnalures, and 
deposits ova in one mouth from entering the body. 

Pathogenicity. — It is only pathogimic in large numbers, or when 
it invades the liver, causing abscess, or the appendix, causing 
appendicitis. The larv;e in the lungs ap})arently cause bronchitic 
symptoms. 

Animals.-- -Monkeys, dogs, and perhaps pigs. 

Ascaris (?) maritima Leuckart, jSyh. 

An immature worm, possibly accddentally swallowed in food, was 
vomited by a child in North Grecafland in rcS()5, and was su])posed 
to be an immature {( male .-Ls(Y?r^.v . 

Ascaris (?) texana Smith and Goethe, 1904. 

vStiles appears wry doubtful as to whether this worm is an 
Ascaris. Idu' female only is kiK wn, measuring 58 to ho millinudn s 
in length . Uterine eggs t)o by 40 fi. 1 1 was found in a man in Teexas. 

Toxascaris Leiper, t()o7. 

Definition. — Ascarkke with the anterior caid of th(' body bent 
dorsally, cuticle finely striated, (esophagus simple, without a bulbous 
portion. Palpi of lips club-shaped. Male with a tapering, acicular 
tail, and without ventral protuberance behind anus. vSix pairs of 
post-anal papillre in two groups, the ventral pairs continuous, with 
a pre-anal row on each sicie of the body, and three lateral pairs on 
the outer aspect of the tail. Testis lies in the anterior part of the 
posterior half of the body. Seminal vesicle long and tubular. 
Ejaculatory duct short. Female with vulva about the centre of 
the body. Egg oval and smooth. 

Species. — Of the species belonging to this genus, only one, 
Toxascaris canis Werner, 1782, is known in man. 

Toxascaris canis WerntT, 1782 . 

Synonyms.— -Liimhricus canis Werner, 1782; Ascaris canis Gmelin, 
1789; A. marginata Rudolphi, 1802; Toxascaris hnthala l\ailliet 
and Henry, 1911. . 
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Remarks -- -Tin a'ii tiris tWiis b t li<’ (Oiiinion A scans of dogs, wliich 

used to be called d . cams, but rec-ently Leiper, when examining a 
number of specinu ns of .1 . Unnhicmdcs in Lgypt found among them 

scanunJsniaih ra.KlepparentJyyonngerfonris. On ex^^immmg these 

hcfoiijid that 1 hey I uk.I wiiif((‘d (‘xpniisions oil citiici sicic oi tnciiCcid, 
which iii(hVti(('fI Hint they were not J. lumbncoides. On further 
eXciniiiifiticji iJu^y ])r()\ ed to be the same species as that found in 
dogs, l)ul (lith red from that found in cats. Up to that time A . cams 
in 1h(' (log and A . mystax iji the cat were supposed to be identical. 
iMnally, on careful anatomical ('xamination, it wais found that the 
two not nicrelv dillen'd considerably from one another, but also 
fi'oni A. Junihrivoidcs. lie tluncfore formed two new genera — 
J'oxascifjis and Indascaris. So far, Toxascaris has only been 
recorded once in man. 

Morph olog.v.- -Uody wliite or reddish, liead curved dorsally, with 
two membranous latt'nd (cxpanisons, liroader behind than in front. 
Male 5 to lo ('(.‘ntiiiK'trc's in length, with cuiwed tail, possessing two 
small lateral mcTubranoiis wings and twenty-six papillae Female 
() to 12 Cf'ntiimdres in length, with an obtuse tail. Eggs 75 to 80 /a 
in diamet(.'r. 

Life-History. -])(.'velopment is similar to el. li(mhricoidcs. 
Pathogenicity. -It often causes intf^stinal and nerve symptcjms in 
dogs, host mortf'in the mucosa of the intestine is tiimelied and 
catarrhal. 


Belascaris laaper, 1907. 

Definition. .\s( arida; with the anterior end of the body bent 
ventrally, ('iitiiie ('oarst'ly striated, aisopliagus with a distinct 
tmlboiis ])()rtion. Male with a ])robnlar tail- i.c., lik(' a clo.sed fist, 
with foiaiinger s('mi ( xtended . Immc'diately behind the anus there 
is a ])ro(ul)('ran(a', with a ])air of papilhe. ^ On the tail there are 
two \'entral and two latcual pairs of papilhe, the tips of which 
support a slight ('Xjiansioii of the cuticle. The testis is situate in 
tiu' aiiti rior lialf of tin* body. The vesicula seminalis is remarkably 
long, and theic' is a sliort ejaculatory duct. Female with vulva 
situah'd in tlu' ant('rior part of the body. Egg with a honey- 
combed shell. . ^ j 

Type. Bclascans call Schrank, 1788. 


Belascaris cati Schrank, 1788. 

Synonyms. Autsaria mystax Zeder, 1800; Ascaris alaia Belling- 
ham, i8g,(). 

This Ascaris is common in cats, and has been recorded nine times 
in man. 

Morphology.- JE'ad curved ventrally, with two membranous 
latc'ral ex})ansions. Male 4 to b centimetres in length; female 
4 to 10 centimetres in length. 

Life-History.— Similar to A. himhricoidcs. 

Pathogenicity, — It rarely causes any symptoms. 
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Genus Lagochilascaris Leiper, 1909. 

Definition. — Ascaridce with dense cuticular lips and interlabia 
surrounded by a ridge and furrow, separating the lips from the rest 
of the body. (Esophagus simple. Shallow ledge-like cuticular alae 
extend along either side of the body to near the tail. Eggs mosaic. 

Type Species. — Lagochilascaris major Leiper, 1909, in the lion. 

Lagochilascaris minor Leiper, 1910. 

This species has been found in th^^ pus of subcutaneous abscess 
in man in Trinidad. 

Morphology.— Males 9 millimetres in length by 0*5 millimetre 
in breadth, with b'^nt posterior part of body. Female 15 millimetres 
in length, straight posteriorly. The vulva, with two ])rojccting lips, 
opens () millimetres from the anterior end. 

Hosts.- P ossibly one of the Carnivora. Man is an accidental host. 

Habitat. — Probably intestinal in its normal host. The specimens 
were found in abscesses under the skin in man. An allied species, 
A. major, occurs in the intestine of the lion in East Africa. 


Family 10. Oxyurid^ Dujardin. 

Genus Oxyuris Rudolphi, 1803. 

Definition, — Nematoda in which the three labial papilke are not 
very distinct. (Esophagus long, with a double dilatation. Skin 
markedly striated. Male with curv(‘d posterior end, on(‘ spicul(‘, 
and two pairs of pre-anal papill.e. b'emale with straight posterior 
end, whicli tapers to a point. V ulva in the anterior part of the body. 

Type.— Oau'/zrCs vermicularis Linnams, iy(>y. 


Oxyuris vermicularis Linnaus, 1767. 

Synonyms.- — Ascaris vermicularis Linnaus, Jyi^y] Fusiaria ver- 
micularis Zeder, 1803. 

Remarks. — Oxvuris vermicularis is the pin or thread wonai, and 
occurs, as far as is known, only in man and all over the world. It 
is believed to live in the lower part of the small intestine at first, 
and then the gravid females travel to the large bowel. It has been 
known from the earliest times. 

Morphology. — It is a minute white, round worm, with transversally 
striated cuticle, which forms two ridges along the ventral and dorsal 
surfaces corresponding to the lateral ridges. 

Male is 3 to 5 millimetres in length, with a spirally rolled posterior 
extremity, with one spicule and six papilla:i. Female is 10 milli- 
metres in length and 0-6 millimetre in breadth, with a long pointed 


tail. 

Life-History. — The egg, when deposited from the uterus, measures 
50 to 52 fji by ib to 24 with a thin shell and a fairly well-developed 
embryo. The dorsal surface of the egg is more convex than the 
ventral. These eggs escape in the faeces. They are then reintro- 

4 - 





lie. 2S^ Uxyutts i ern iiiilarts lie* -‘^4' — Oxyuris vevmicuJar^s 

(Linnals I7t)7) INIai 1 (Ll^^xus 1767)* Ffmale 

( 1 10m a photograph In ’ T. Belli 





1 ict -iS5 OxyuYis vet vnicitlaYts T jo 286 —Oxyuris vertn'iculuyis 

(LiNN2trs, 1767) He^d 1 he male is to the left the female 

(From a photograph by J J Bell.) to the right 

(After Claus ) 
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duced into the mouth or nose by self-infection, fruits, vegetables, 
etc,, hatch, and grow in the small intestine into male and females. 

After fertilization the males die off and the females travel into 
the caecum, and later into the colon, and have a great tendency to 



Fig. 287. — Development of Oxyuris ve/mLcularis 
(After Leuckart. from Stiles.) 


wander through the anus to the outside. Tlie duration of life of 
(). vermicularis in the human body is not known. 

Pathogenicity.- -In large numbers may S(‘t n]> enbaocolitis; in 
small numbers it causes only irritation. 

DIVISION BURSATA. 

Deflnition.- 'Nematoda with true cuticular bursa in the male. 
Classification.— Leiper gives the following table lor 1 lie diherentie- 
tion of the various bursato lamilies represented by s])ecies in man : — 

A. Mouth with simple ])ore: no buccal capsule: — 

(^7) Male with large bursa and elongated rays; female 
oviparous, uteri divergent, ovijectors present. Intes- 
t i nal parasit es — 1 'ricliosirongyiidcB. 

(b) Male witli short bursa and si unled rays; female ovip - 
arous, uteri convergent, ovijectors absen! . Lung 
parasites MeUisirongylidcc. 

B. Mouth a simple o]X'ning, leading into a largt' biiccal capsule 

guarded by cliitinous siruelures: — 

{a) Mouth capsule Ixait dorsally and guarded by paired 
bilaterally arranged plat es — Ancylosiomida^, 

Plates with smooth edge — Necaior. 

Plates with toothed edge- Ancylostoma. 

(h) Mouth capsule terminal guarded by ring of setae — 
StrongylidcB. 


BURSATA. 

Family ii. Stronc;ylid^ Cobbold, 1864. 

.Nematoda with cylindroid, rareh filiform bodies, mouth usually 
with wide buccal capsule, with ring of chitinous armature, and an 
(esophagus more or less enlarged posteriorly. Male with a bursa 
copulatrix and two equal spicules. Female with two ovaries: 
vulva situated mediall}^ or posteriorly. As a rule, the species are 
small. Oviparous. 

Type Genus. — Strongylus Mueller, 1780. 

Other Genera. — Triodontophorus Looss, 1901; (Esophagosfommn 
Molin, i860. 
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Triodontophorus Looss, 1901. 

Synonyms.' Looss, 1901, ncc Westwood, 1845; Terni- 

dens Raillict and Henry, 1909. 

Strongyli(ke with small, almost spherical, thick-walled oral 
cavity, arising from the floor of whicli three teeth are found, each 
of which consists of two surfaces joined togethcT at an acute angle. 
Male bursa is finely scarated at the edge. The female genital orifice 
is situate a short distance in front of the tip of the tail. 

Found in horses and men. 

Triodontophorus deminutus Jvailliet and Henry, 1905. 

Synonym.- 'remidens denunu/iis (l\ailli(d and Henry, 1905). 

Kailliet and Henry in 1905 discovered that a male and female 
])arasit(‘ ])r(S('nted in 1895 by Monestier to the Ikiris Natural 
History Mus(,um, and collected post-mortem from an American 
negro who di('d in Mayotte*, wiaa* not ankylostomes, but belonged 
to Looss’s g('nus Triodonlophonts. They named them demintittfs 
because of tlu'ir small size. L(‘iper also met with some specimens 
of thesaim* s]M‘cies collect(‘d in 'N^yassaland and T.orenyo Marques. 
It has now hr.vu recordcul in a numbcT of casc'S. It is also found in 
monkeys. rh(‘ir normal hal)itat is the large intestim*. 

Morphology.- '1 O the nakt'd eye IlK'ir .size* and ijeiK ral a])])('arnnec resemble 
those of ankylostomes. 'I'he body is wliiU*, cylindrical, lap(‘ring towards 
the i*nd. ('uticlo iransvc'rstdy strial(“d, .aiul forms an overlianejng transverse 
fold arross the ventral siirfa.ee of the botly at the k‘\'(‘) (.>f tlie excretory pore. 

'Hie month-collar is moderalidy d('\'e](.>}H‘d, with a deptli of 0*04 millimetre. 
d'lu‘ anterior snrlaee carries tour sma.ll knob-like siibmedia,n pa])i]la\ and the 
edge surrounds tin* mitranee to tlu‘ mouth with a double sei’ies of delicate 
fringes comp(ts<‘d of cuticle. 'I'lK'se two rows constitute the external and 
internal crowns of llu' corona radiata. 

'Hie buccal capsult' is a barit'l-shaped cliitinous structures capped and 
covered in by the mouth-collar and the corona radiata. Posteriorly it touches 
the dilated end of the* cesophagus, whose chitinous lining expands into a 
tunnel, uniting with the cuticle on the outside of the asoyihagus, and coming 
near the cuticU* of the buccal cavity. It shows three cuticiilar edges project- 
ing into tlu' Iiimcn, which arc continued forwards as three stout chitinous 
jirongs or teetli, one dorsal and two viuitral. The characters of these teeth 
are specirically important. They are formed of two plates curved longi- 
tudinally, arid meet to form a keel, 'hhe oesophagus is muscular, 0-8 milli- 
imdre long, with three fleshy valves guarding its entrance into the chyle 
intestiiK'. 'riu' n'ctum is short, and <mds in the amis, whiclr is o-2.y millimetre 
from the tip of the tail. The excretory system opens 011 the ventral surface 
halfway between the posterior limit ol the buccal cavity and the nerve ring. 

'1 he male is 9*5 millimetres long by 0*36 millimetre in breadth, witli a 
s])iciile o*() millimetre long. hVniale is i.} to i(> millimetres in length, and 
0*73 millinudre in breadth, with a tayiering posterior extremity, 'liie vulva 
is nearly ovj8 millimetre from the hinder end. The vagina is sliort, and opens 
into two uteri n(‘ tubules. Tin* uterine eggs are ()0 to 80 // by 40 fi, with a 
delicate shell and often a morula. 

Life-History and Pathogenicity. — Unknown. 
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CEsophagostomum Molin, i8()i . 

Strongylidce in which the mouth is small and circular, with a 
chitinous ring, which carries a fold and six papillae. Thert^ is a 
marked swelling just behind the anterior extremity. Male bursa 
with two equal spicules; female with two ovaries, and the vulva 
opening situate near the anus. 

Type Species,- di. subidaluniMoWn, i8()i ; (E.dentaium (Rudolphi, 

1803).^ 

Species. — -Glsophagostojmim apiostomimi and (Ji. s/cphcDiosloniuni, 
var. thomasi Railliet and Henry, 1900, arc known in man, but other 
species arc found in the gorilla, chimpanzee, and other monkeys. 

(Esophagostomum apiostomum Willach. 

Synonym. — -(Esophagostomum hrumpii Railliet and Henry, 1905. 

This worm was found by Brumpt in evst-like nodules in the crccum 
and colon of a negro on the Omo l^iver, near Rudolph’s vSea in East 
Africa. Found also in monkeys. 

According to Leii)er, this ])arasite occurs in 5 ])er cent, of the 
natives oi Northern Nig(a'ia. 

Morphology. — Female 8*5 io 10*2 millimetres lonj^ by ^>'-^95 to 0*325 milli- 
metre broad, while and cylindrical, tapering towards the poslenior end, 
Cuticle transversely striated. There is a distension behind the oral cavity 
which is formed of a cuticiilar I)an(l with a crown with twelve spines; on the 
front and inner side lamelke; six head papillae (two lateral, four submedian). 
Posterior end rounded olf with three broad undulations. 

Life-History. — Outside the body similar to that of the Anky- 
lostomes. 

Pathogenicity. — 'i'he young form cyst -like nodules in the large 
intestine. 

(Esophagostomum stephanostomum var. thomasi Railliet and 

Henry, 1909. 

This species was found by Wolferston Thomas in tumours, 
numbering 187, in the larg(‘ and small intestine's of a, man in Brazil. 
The tumours were in some instances large, enough to diminish the 
lumen of the bowel. Itach tumour contained a male and a female 
worm. The species (E. stephanostomum Stossich, 1904, was found 
in the large intestine of the gorilla, and a variety (E. stephanostomum 
Var. dentigera RaillicT and Henry, 1(^09, is found in the chimpanzee. 

Morphology. — Body ( ylindrical, thick, only attenuated towards the ex- 
tremities. Buccal capsule with an external crown of 38 In-mcTke. Male 
17 to 22 millimetres in Ituiglh a.iid 0*75 millimetre broad. Bursa thick at 
the sides, with one spicule 1*38 to 1*475 millimetres long. Female 16 to 20 
millimetres long by 0*9 millimetre broad. Vulva in front of the anus, 0*5 to 
0*525 millimetre from the posterior end. 

Life-History.— Not known. 

Pathogenicity. — Forms tumours in the wall of the small and 
large intestines. 
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Family 12; METASXRONGYLiDAi Leipcx, 1912. 

Nematoda with simple mouth, very small cavity, and not enlarged 
to form a buccal capsule, and a bursa in the male with true but 
stunted rays. Two s])iGules. 

Tliis family inc Inches a number of genera, parasitic in the lungs of 
d om e st i c at ed a 1 u’ m a 1 s . 

Metastrongylinse Leiper, 1908. 

Metastrongylus Molin, 1861. 

Mctastrongylidae with mouth surrounded by six small papillae Male with 
a bursa copulatrix and two spicules. Female with two ovaries and a tapering 
posterior end ; vulva situate in the hinder half of the body. Embryos without 
teeth, and with slightly developed oesophageal bulb. 

Metastrongylus apriGmelin, 1789. 

Synonyms,— Gordi us pulmonalis apri Ebel, 1777; Ascaris apvi Gmelin, 1789; 
Strongylus sms Eudoljdii, 1809; 5 . paradoxus Mtdilis, 1831; S. elongatus Du- 
jardin, 1845; 8'. lon^cvaginaHis Diesing, 1831. 

Metastrongylus apn is not uncommonly found in the bronchial tubes of pigs 
in Germany ((>0 ])er cent. Berlin. 15 to 32 per cent. Leipzig); occasionally it 
infects otlu'r animals, inclinling man. lularia irachcalis Rainey, 1833, found 
by Rainey and by l^ristowe, may be infection of man with this parasite. 
Diesing recognized the worm in the lung of a boy aged six in Klausenb(U'g in 
18^3. It is said to also occur in the intestine, but this is looked upon as 
accid(;ntal, as its usual habitat is the lung, whe re it may cause })nenmonia and 
l)ronchitis. 

Morphology.; — .Body relatively short; colour, white or brown; mouth with 
six lips, of whic:h the two lateral are the largest. Male; 12 to 23 millimetres 
in length, with bilobt'd bursa with five ribs in each lobe, and thin spicules 
about 4 milliinetia's in length. Iwmale: 20 to /jo millimetri's in length, with a 
curv'ed ])osterior end, closi' in Iront of which is the anus, while the vulva opens 
on a pajulla just in front of this. Eggs elliptical, 50 to 100 jn by 39 to 72 fx] 
when oviposited, they already contain an embryo. 

Life-History .““Only the embryonic and larval develojiment appear to have 
been studied. From analogy with Ankylostoma a skin infection would be 
presumed nowadays, and, further, tlie fact that the worms have been noted 
in the alimentary canal bears quite a different signihcance from what it did 
years ago, as it may be natural lor the worms at times to travel from the lungs 
to the bowel likt' the Ankylostoma. It is interesting to note that Lcuckart 
failed to infect shet'p by feeding them with bronchial mucus full of embryos. 

Pathogenicity . — Ihis subject has recently been studied Santiocchi, and 
consists essentiall}" ol bronchitis, broncho-pneumonia, and pneumonia. 

Family 13; Trictiostrongylidte Lcipor, 1912. 

Tvleinatoda with filiform bodies; cuticle markedly striated trans- 
versely or longitudinally; mouth without buccal capsule or tooth 
armature; bursa large, with welhdevoloped rays; geuitn.l pore in 
posterior half of body; ovijectors present; ovi])arous. Intestinal 
]iarasit es. 

Nematodirus Ransom, 1907. 

Trichostrongylider with bursa provided with double ventral median ribs, 
two dorsal ribs, spicules long and filiform, without accessory piece. Head 
50 microns in diameter; cuticle with eighteen distinct longitudinal ridges. 
Cervical papillae ahsont. 
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Type Speeies. — Nematodirus filicollis Rudolphi, 1802. 

Remarks. — The subgenus Mecistocirrus Railliet, 1912, with distinct cervical 
papillae and cuticular ridges little apparent, contains the human parasite. 

Mecistocirrus fordi Daniels, 1908. 

Synonym. — Nematodirus gibsoni Stephens, 1909. 

This worm was discovered by Bell in the faeces of a Chinaman in Hong 
Kong, and described by Stephens. 

Morphology. — -rhe male measures 21 millimetres by 0*4 millimetre, and 
possesses an attenuated head with two cervical papillae, and a mouth with 
two lateral papillae. The bursa shows two well-mark(':d lobes, continued 
dorsally on to the body as a V-shaped slu. There is one pair of ventral rays 
and six pairs of dorsail rays — an anterior, two middle, and two posterior, 
which last arise from a common stem. The spicules are very long (7 milli- 
metres) and delicate. 

The female measures 25 millimetres long, and possesses a pointed tail, on 
which the emus opens 0*2 millimetre from the tip, while the genital pore is 
0*5 millimetre from the same extremity. The uterine egg measures no //. 
by 5.1 

Life-History . — Nothing is known as to the life-history. 

Pathogenicity. — It is not stated whether it is 01 is not pathogenic. 


Hsemonchus Cobb, iiScjb. 

Synonyms^ -Hcentonchus Stih^s, 1903; Siroh^vlcs (). V. Muller, pro 
parle. 

StrongylidcJb' with unarnied mouth. Male bursa trilobed. witli 
median lobe asymmetrical, spicules short with an accessory piece; 
female with vulva situate posteriorly and ])r()tected by some tegii- 
nientary appendages. 

Type Species. — Hcemonchns contortus Jvudolphi, i(Sc3. 

Haemonchus contortus Rudolpln, 1803. 

SynDnyms. — Strongylus coiUortiis Rudolphi, 1803; 8'. filicollis 
Molin, 1861; S. placei Place, 1893. 

This worm was found by de Magalhaes in a case of anamia sup- 
posed to be due to Ankylosioma duodcncile, and from which the 
specimens were obtained by treatment with thymol, after which 
treatment the patient rapidly recovered. 

Morphology. — Body red or white, filiform, with attenuated extremities 
Anterior extremity with two cervical papillae in the form of teeth directed, 
backwards. Cuticle finely striated. Male: 10 to 20 millimetres in length, 
with bursa provided with two lobes, of which the right carries an asymmetrical 
median lobe. The two spicules measure 0-3 to 0-5 millimetre in length, and 
are each furnished with an accessory portion. Female: 20 to 30 millimetres 
in length, with caudal extremity pointed. Vulva situated in the posterior 
fifth of the body. Eggs are elliirsoidal, 70 to 95 fa long by 43 to 54 ^ broad. 

Life-History. — ^'The t*ggs quickly develop when placed in pure or 
muddy water, producing rhabdite embryos; tae latter undergo 
eedysis. 

Habitat. — The intestine of the goat, sheep, etc. 

Pathogenicity. — Produces anaemia, resembling that of ankylo- 
stomiasis, and has a haemolytic toxin. 
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Trichostrongylus J.ooss, 1905. 

Trichostroiigvliaa' with body tapering graduaJIy tioin the genitaJ 
opening anienorly. Head with three smaiJ lips and bJunt or 
pointed papiJhe, without cuticular protuberances or neck papillae. 
Cuticle transverseJy striatefl; oesopJiagus long. Male with the 
bursa closed round by large sid(‘-tlaps, without evident median 
folds; spicules spoon- Iikt‘, with a boat-shaped accessoiy piece. 
Female witli tlie gt'uital opening in the posterior half of the body. 
Tail sliort, with two small pa.i)illad near the tip. Kgg thin-shelled. 
Type Species.- -Tyichostrongylus retorterformis Zeder. 

Four species of interest in tropical pathology: Trichostrongylus 
colubriformis, T. probolurus, T. vitrinus, and 7 . oricnialis. 


Trichostrongylus colubriformis Giles, 1892. 

Synonyms.- •Strongyles colubriformis Giles, 1892 ; 5 . instabilis 
Railliet, 189 5 - 5 . subtilis Looss, 1895. 

This species was found by J.ooss in post-mortems on fellahs in 
Alexandria and Cairo, and also by Ijiina in a woman in Japan. In 
man, however, it is only an accidental parasite, being usually found 
in the: duodenum, rarely in the stomach, of sheep, antelopes, drome- 
daries in Fgypt, monkeys in North America, and sheep in India. 

Morphology.- -Male 4 to 5 millimetres in length, and o-o8 milli- 
metre. in thic'kiu'ss just in front of the bursa. Spicule 135 to 145 ^ 
in length, and the accessory portion 70 ^ in length, with a long 
muscular (esophagus. Bursa wdth two lateral semicircular wings 
connected by a cross-bridge. Ribs arranged asymmetrically. 
Female 5 to () millimetres in length, and about o-og millimetre in 
breadth. Posterior extremity tapers to a pointed tail, in front of 
which the anus is situated. 0-055 fo 0-07 millimetre, and the vulva 
T-05 to 1*2 millimetres. Fggs 72 to 80 ^ by 40 to 43 pg when 
oviposited, generally contain eiglit to twelve celled embiyo. 

Life-History. — Resembles that of A ncylostoma duodenalc outside 
the body, according to Leiper. 

Pathogenicity. — Believed to be* unimportant. 


Trichostrongylus orienlalis. 

Synonym. --7;u‘e//.(>.s/ro/7gAT7/.s suhl ill's Looss, 1895. 

'Frichostrongylus (\ggs liave recently been found in tlu' fanes of 
a considerable ])erceutage of the agricultiual populatioji of certain 
districts in Japan, and is probably the same as tliat rccorchal pre- 
viously from Ja]Kin by Tjiina and Looss as Trichostrongylus subtilis 
(vide T. coluhvijonnis, supra). This species differs slightly in details 
ol ray-dispositani in the bursa and in conliguration of the spicules. 

Trichostrongylus probolurus Railliet, 1896. 

Synonym.- -Slrongylus probolurus Railliet, 1896. 

This parasite lives in the duodenum of sheep, antelopes, and 
dromedaries in Egypt, and has also been found in man in Egypt. 
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Morphology —Male 4-5 to 5-5 millimetres in length, 0 08 milli- 
metre in breadth just in front of the bursa. Spicule 12(3 to 134 fi, 
accessory piece 75 to 80 ^ in length. 

Female 4-5 to 6 millimetres in length, anus 0-04 to 0*05 milli- 
metre, and vulva l-o8 to 1-25 millinudres in front of the tip of the 
tail, which is short. Kgg yb to 80 jn hy 43 to 46 

Life-History. — This is unknown. 

Pathogenicity. — Believed to be unimportant. 

Trichostrongylus vitrinus Looss, 1905. 

T. vitrinus is found in the duodenum of siieep and dromedaries, 
and also in man in Egypt. 

Male 4 to 5*5 millimetres in length by 0*085 millimetre in breadth 
in front of the bursa, which is larger than in the other two species. 
Spicule ibo to 170 accessory piece 85 to 95 in length. 

Female 5 to 6*5 millimetres long; vulva 1*15 to 1*25 millimetres 
in front of the tip of the tail; egg 84 to 90 by 46 to 50 jji. 

Life-History. — This is not known. 

Pathogenicity. — Believed to be unimportant. 


Family 14; .^NcvLosTOMiDyr: Looss, 1911. 

Strongyles with armed mouth and bursa copulatrix provided 
with ribs. 

Subfamilies. — An cylost om ina* and B u nos t om iiue . 

Subfamily Ancylostomin^e Looss, 1911. 

AnkylostomidcC with more or less funnel-shaped mouth capsule, 
its walls on the ventral side, and, especially towards the anterior 
edge, provided on each side with two longitudinal thickenings 
projecting outwards like ridges. In the gutter-like depressions 
between the ridges lie the terminations of the dorsal and lateral 
papillary nerves. Floor of the mouth cavity with one pair of 
inner ventral teeth, otherwise free from tooth-like structures. 
Aperture of the dorsal (esophageal gland situated in the wall of the 
mouth capsule. Bursa of the male closed all round. Only one- 
third of the dorsal ray is cleft. Tin* courk* of the genital tubes is 
longitudinal. 

Type Genus. — ■Ancylostoma Dubini, 1843. Other genus: Uiici- 
naria Frolich, 1789. 


Ancylostoma Dubini, 1843. 

Synonym.- -/Jac/mins Dujardin, 1845, pro parte. 

Ancylostomincp with the head end, where the mouth is situated, 
abruptly truncated. Mouth large, round, with its ventral margin 
armed with two pairs of strong hook -like teeth, the points of which 
are bent backwards, while the bases are continuous posteriorly with 
longitudinal rib-like thickenings of the external surface of the 
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capsule wall. The aperture of the dorsal oesophageal gland can 
be seen in the dorsal wall of the mouth capmle. 

Male with a three-lobed bursa, broader than long, with two 
spicules. Female with vulva behind the middle of the body. 

Species. — A number of species are known in man, dogs, bears, 
civet cats, and other carnivora. 

Ancyiostoma duodenale Dubini, 1843.^ 

SynoiiYitis,— Slron^ylm quadrideniatus \oyl Siebold, 1851; Doch- 
mius ancylostomum Molin, i860; Sdevos^ioma duodenale Cobbold; 
Stronf^yhis diiodeyiale Schneider, 1866: Dochmins duodenalis Leuc- 
k<'irt, 1876, pro parte. 



I'Ki. 288. — Ancylo toma Fig. 289. — Ancyiostoma duodenale Dubini, 
duodrnalr Dubini, 18.^3: i«43; Male Burs\. 

Male. 

(From photogniphs by J, J. Bell.) 

This worm, which is the great cause of tropical anseniia, was per- 
hiij)s known to the ancient Egyptians under the term ‘ Heltu,’ men- 
tioned in the ‘ EbcTs Papyrus,’ which is supposed to have been 
written some 1550 years B.c. the disease being called A.A.A., and 
a remedy being advised. Perhaps the same anamia is referred to in 
the ‘ Marita Samhita ’ under tlu‘ term ‘ pandu roga,’ w'hich was 
said to be caused by swallowing clay. If this is correct, then 
knowledge of auexania due to geophagy is very old indeed. If the 
ancients did really know about this worm, and the disease caused 
thereby, the knowledge was totally lost, and it was not till Dubini 
in 1838 discovered the worm in a peasant woman in Milan that 
modern medicine knew anything about its existence. Pruner, in 
1846, found the parasites in Egypt, and Griesinger, in 1851, showed 
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that it was the cause of Egyptian anaemia. Wucherer, in 1872, 
found that it was the cause of tropical anaemia in Brazil (called 
‘ oppilagao ’ ). Perroncito found that it was the cause of the anaemia 
which badly affected the miners employed in the St. Gothard tunnel. 
Grass! and Parona in 1878 discovered the eggs in the faeces, thus 
enabling a diagnosis to be made during life. The wide geographical 
distribution of the parasite, and the amount of disease which it 
causes, is slowly being realized, and the deaths from anaemia, 
general dropsy, and so-called beri-beri, etc., in different tropical 
regions are being found to be due to this animal. 

The development and method of infection have been completely 
traced out by Loess in Egypt in a most masterly manner. 



Fig. 290. — Copulation of An ylostoma. 

(From a x5liotograx:>h by J. J. Bell.) 

In 1902 Stiles found that under the term Ancylostoma two dif- 
ferent parasites were being confused, one corresponding toDubini’s 
Ancylostoma duodenal e, and the other new, wiiich lie named. 
Necator americanm. Leiper lias shown how widespread this latter 
parasite is in the Old World. 

The geographical distribution ^'s probably not fully known, 
because in many places it is confounded with Nccalor. It is sup- 
posed to be cosmopolitan in tropical regions, and in mines and 
tunnels in colder climates, in which, of course, the air-temperature 
is higher than that of the outside. 

Morphology. — ^The body is cylindrical, tapering from back to 
front in both sexes. During life it is flesh-coloured. The cuticle 
is ringed. The mouth is terminal, with a chitinous wall, whidi 
ventrally carries two pairs of hook-like teeth, and dorsally one pair. 
Close to the base of the outer ventral tooth opens the single-celled 
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head glaiul, wliieli iiiiis through Jieaiiy half tlu' length of tlie body. 
In the floor of Ihc' mouth tliere are two xa'iitral chitinous plates, and 
the promiut'ut opening of the dorsal head gland (often called a tooth). 

Male ineasiiK s about ro millimetres in length by 0*4 to 0*5 niilli- 
rnetrc' in l)rearltli, and ])ossesses a bursa co])nlatrix at the posterior 
end, \v]ii(i) is umbrella-sha])('d and supported by 
chitinous rods, which an^ arranged as follows: In 
the median dorsal line is tlu' costa dorsalis, which 
divides dorsally into two small branches, which 
ai'e ramih(‘(l at their tips. Postero-lat (Tally there 
is OIK' root on each side dlie single costa dorsalis 
('\'t('rna., in front of which is a single broad lateral 
root, whic h divides into tlu' costa latc'ralis posterior, 
the costa lateralis media, and the costa lateralis 
e.\ tenia; while anteriorly also on each side' is the 
costa ventralis. 7'hrough tlu' opening of this bursa 
])roject the two spicules, unless they are retracted, 
w^hich arc' long and slender, and measure about 2 
millimetres in length, 'llie mah' generative appar- 
atus consists of a testis in the form of a tube, an 
oval vesicula seminalis, and a long cement gland, 
whose' sec'retion fixes the nude to the female during 
('onj ligation, and a S])iculc' sac. 

The fc'inak' measure's T2 to rg millime'tres in le'Ugth, 
and has the vulva, at the^ junction of the middle 
and hinder parts of the boely, from w'hieh a short 
\aigina ()])ens into two tubes, whiidi are* divisible into 
ovijector, uterus, rece']itaculum seaninis, and an 
ovary. 

Life-History.- -Tile adult worms live' chiefly in the 
je'jimum of the host, wiu'i e 


they feed upon the vilii. 
l>le)od is only accidentally 
found in a womi. He're 
the' [('males lay the' eggs, 
wliich are oval in form, 
with broad rounded poles, 
surrounde'd by a colourle ss 
sliell, W'hieh is re'ally 
double, but looks single, 
inside which lies an ov'd] 
granular mass scjiarated 
from the shell bv a con- 
siderable space. As the 
the granular mass divides 



Jock z^)i. -An- 
i.ylas/(n}i(i duo- 
doialc DiiBiNi: 
Makk. 

(Aftc'r IvOoss.) 


Fig. 292. -Antf.riot? Fnd 
(.)F A nrvl('-slo!ii(. dnodeii- 
( tl (‘ Dukini. 

(.Mlcr Looss, Iroin Mouse’s 
‘ rr()])onkrjitiklioiloii . ') 


egg trave'ls down the alimentary canal 
into two, and linally into four se'gments, in which condition the 
egg is usually found in tht* heces. Devc'lopment proceeds in the 
faeces, depending upon the temperature' of the atmospheric air. In 
twenty-four hours, if supplied with air water, and heat, the embryo 
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can be seen coiled up in the egg, from which it escapes as 
and feeds on the fsecal material. The larva is needle-shaped, 
posteriorly, and measures 200 to 250 jn in length 
by 15 to 17 /j, in bri'adth, and is rhabdite in 
form, with a long cylindrical terminal mouth, 
opening into an oesophagus, which, after narrow- 
ing, swells out into a bulb with three valves. The 
straight intestine surrounded by granular 
material opens into an anus situab' some dis- 
tance in front of the tip of the tail. This larva 
iind(;rgoes a, lirst eedysis when it becomes 
narrower, and the msojdiagus and moutli los(‘ 
th('ir characteristic appearaive, wliilc' it forms 
a new skin inside tlie cliitinous cutickc so tiiat 
(at the end of (ive days in the trojhcs) it now 
ceas(^s to grow and feed, and takes to water or 
moist earth, where it can remain unchanged for 
months, living on the food-matc'dal (mclosed in 
its own cells (stage of enc3"stment). During this 
condition it may be quite active, and can swim 
and climb up any surface which is wet. I'liis is 
an important factor in explaining the production 
of certain kinds of skin eruptions. It is now 
ready to infect man, wliicti it doc^s through the 
hair-follick‘S of the' skin, causing c'ruptions or 
son^s -c.g., ground-itch. 

From the hair-follicles it forces its way via the 


a larva, 
pointed 



Fig. 293. — The Median and External Caudal Iug. 294 . — Anoyio 
Bursa of Anrylostonia duodenale Duhini. slonia duodenal > 

I, Costa dorsalis; 2, costa dorsalis externa; 3. costa Fubini I^emale. 
lateralis posterior et externa; 4, costa lateralis (After Looss.) 
media; 5, costa vcntralis. 

(After Railliet, from Stiles’s Report.) 


subcutaneous tissue into the venous bloodvessels and lymphatip. In 
the] former it; reaches the right heart and the lungs easily; in the 
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latter many are killed in the lymphatic glands, but some get through 
to the blood, and in this way are carried to the lungs. They now 
work their way out of the capillaries into tlie lumen of the air cells, and 
travel uj) the bronchi, trachea, and larynx into the msophagus (they 
might by chance get into the mouth), and so through the stomach to 



Fig. - \ hcylosiouia duodctialc Dubint: 1 )iivr:LoBMKNT of tub 

FiIABDITIFORM t'MBRYO. 

(After l.ooss, (o\ctpt the Iasi iignr(\ which is jitter Perroncito.) 


the inlc^stine. 11ie time occupic'd by this journey is believed to be 
from seven to ten days. In the skin they undergo their second 
cedysis, and later a third and fourth eedysis takes place in the alimen- 
tary canal, the third in four to live days and the fourth from four to 
six days after tht'irarrival. They now measure 3 to 5 millimetres in 



Fig. 296. -Hatching of Fgg of Ancvlo 
stoma d node mile Dfbini, 1843. 

(From a. pliolo4ra,]>li by ] 1 . Brll.'i 


of teeth. During, this stai^e the sexes l)ec()i 
buccal capsule is formed. Flu iourlh 
the adult worm,.. 


length, and eight days later 
the generative organs begin 
to attain maturity, and the 
lirst copulations take place, 
v'lnd a few days later the first 
eggs appear in the Lxees, thus 
comjileting the cycle of de- 
velopment, of which the por- 
tion after infection occupies 
four to six wei'ks. 

d'he more niiporlant morpho- 
logical change.s which take place 
in the human body may be briefly 
]('capitulated. 

On entering the skin the third 
stage of development begins, 
during wliich the provisional 
buccal capsule is formed. A 
third eedysis ushers in the fourth 
stage, characterized the pro- 
visional buccal capsule armed 
with a dorsal Jind Ji ventral pair 
le dilferentiated and the permanent 
(lysis results iii the Jippearance of 


I he numl^cr ol ItTiialcs can be calf'iilalcd from tiie number of 

eggs in the f;eces by the formula where X is tile number 

47 

offeaiales and A the numbin' of eggs in a, gramme of fxccs. 
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This history has been pieced together by Looss from observations 
on the infection of Ancylostonta duodenale in man and A. caninum 
in dogs. 

These discoveries of Looss have been confirmed by Lambinet. Sambon, 
while agreeing with the view that the worms penetrate the skin and work 
their way to the lungs, considers that they pass from the pulmonary arterv 
to the pulmonary veins, and in this way reach the general blood-stream, and 
in due course the jejunum, the mucosa of which they pierce, and enter the 
lumen of the bowel. He believes that the worms seen in the trachea, larynx, 
and stomach by Looss are merely stray specimens which have escaped in the 
air cells from the vessels of the lungs. His reasons for this belief are: — • 



Fig, 297. Fig. 298. ‘ Fig. 299. Fig. 300. Fig. 301. 

Figs. 297-301. — Development of Ancvlosioma duodenale Dubini. 
(After Looss, from Mense.) 


1 . The larval forms of A . duodenale have seldom been found in the stomach, 
and when found in this organ arc lodged beneath the epithelium. 

2. They are invariably absent from the duodenum. 

3. They have been found in the left heart, in the pulmonary and azygos 
veins, in the thoracic duct, in the peritoneum, in the kidneys, in the lymph 
glands, and in the connective tissue of various regions. 

4. At the beginning of the infection there is always an intense haemorrhagic 
inflammation of the jejunum, which entirely subsides later on, notwithstand- 
ing the presence of enormous numbers of parasites in the intestine. 
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5. Immature forms have been found again and again in blood-filled spaces 
beneath the intestinal mucosa by Bilharz, Griesinger, Sonsino, Grassi, and 
many other competent investigators. 

6 . A number of other worms which inhabit the intestinal cavity at maturity, 
such as (EsopJm^iyostoniiini, Sclerosiomum, A scans, Gnaihosioma, etc., in an 
earlier dev(‘lopmentaI stages are usually found either free or encysted beneath 
the intestinal iniieosa.. 

He also considers that whtm the larva' are taken in by way of the mouth 
they probably })ierce through the walls of the oesophagus like the larvae of 
Hypodevma hovis (see Cliajher XXXI II.), and reach their intestinal habitat by 
way of the vessels in exactly the same way as those which penetrate the hair 
follicle. 

Fiillciborii and von Scliilling-Torg^au have re-in V(^stigated the 
snbjed by traclK'otoinizing dogs and inscTting a cannula in such a 
way tijat llh' Iarv;e could not pass from tiu' lungs to the msophagu.s, 
l)ut only to the exterior, d'he dogs w('r(' tJien infected with 
Ancvlosiofua caninum (Krcolani. rNsg), and after some time the 
secretion from the cannula in the trachea swarmed with larvte. In 
other dogs the (esophagus, not the trachea, was cut across and its 
ends separately stitched to the skin, and after a time the secretion 
from the upper cut end contained larvcC. In both sets of experi- 
ments the dogs l)ecame inh'cted intestinally with only a very small 
number of parasite's. 

It is thus S(icn iliat Sambon’s hypotliesis is theoretically correct, 
but Looss’s r()ui(i is tlie one ])y wind) tlu' vast majority of the larvte 
ent (']' 1 ])(' body. 

Pathogenicity. It causes ankylostomiasis in man. 

SlTlU AMIf Y P)UNOSTOMTNyE LoOSS, 

Ancvlosloinidcv witli small mouth ('.apsule, witli aperture nar- 
rowed anteriorly l)y platt's with cutting ('dges springing from the 
sides, and more or h'ss ('overing the ventral half of the aperture. 

At the base' of the cone which carri('S the. 0])('ning of the: dorsal 
(esophageal gland there is on each side one tooth-like piate with 
smooth edges. Coils of the genital lubes very numerous and close. 
Externo-dorsal ray thin, more especially at the root. Spicule of 
the male barbed at the end. 

Type Genus.- -Aha a:/ er Stiles. 1903. 

I'here are seven genera in the subfamily — viz., Bunostomum 
Kailliel, r()02 ; Nccafor Stiles. 1902 ; Pme/m/enas' Eailliet and Henry, 
IQTO ; Ga'vdcria l^ailliet and Henry, 19TO ; Eitmonodoniiis Molin emend. 
Railliet and Henry; Baflwiosiotnum Kailliet and Henry. 1909; 
and Grammocephahts Railliet and Henry, 1910; but only Necaio'r 
Stiles. r()03, concerns us. 

Necator Stiles, 1903. 

Bunostominse closely resembling Ancylosioma, but distinguished 
thereform by the small mouth capsule, which is armed only by 
semilunar plates. The head is sirongly bent dorsally. In the male 
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the bursa is bilobed. In the female the vulva lies in the anterior 
part of the body. 

Type Species.— Necaf or americanus Stiles, 1902. Other species: 
N. africanus Looss, 191T, in the chimpanzee. 


Necator americanus Stiles, 1902. 

Synonyms.- duodenalis R. Leuckart, pro pctric] Unci- 

narict (tmericuna Stiles, 1902; Ancylostuwa antericammi von Linstow, 
1903, pro parle. 

In 1902 Stiles discovered that two « list! net genera were being 
confused under the ter.ii Ancylosioma, and eventually called the 
new genus Necator. LeipcT has recently shown that this new genus 
is very widely distributed ovtT the world, and is the common cause 
of ankylostomiasis in ('eylon; while it occurs in India, Assam, 



Fig. 302. — The 
Mouth Capsule 
OF Necator amerh 
canus Stiles. 
(After Looss, 
from Mensc.) 


luG. 303 . — -The Bursa Copulatrix of a Male 
Necator americanus Stiles. 

1, Spicules; 2, costa ventralis; 3, costa lateralis pos- 
terior; 4, costa lateralis externa et costa lateralis media; 
5, costa dorsalis externa; 6, costa dorsalis; 7, dorsal 
lobe; 8. lateral lobe; 9, ventral lobe. 

(After Stiles.) 


Burma, the Philippine Islands, Ihji, Ja}xui, America, and has been 
found in West and Central Africa and in North-West Rhodesia. 
In due course, no doubt, it will be reported in other places. 

Morphology.- -The body is cylindrical, and somewhat attenuated 
anteriorly. Head acutely bent dorsaily. Mouth with a ventral 
pair of prominent semilunar chitinous plates and a dorsal pair of 
slightly developed plates. Into the floor of the mouth projects the 
opening of the dorsal head gland, which appears like a dorsal conical 
tooth, while deep in the cavity appear one pair of dorsal and one 
])air of ventral submedian lancets. Excretory pore 0*5 millimetre 
V)eliind the mouth, with cervical papillae on either side. 

Male 7 to 9 millimetres in length and 0*3 to 0*35 millimetre in 
breadth. The bursa consists of two large lateral lobes joined to a 
dorsal median lobe, which appears as if divided into two, and to 

43 
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an indistinct ventral lobe. There is a slight ventral enlargement 
just posterior to the point at which the bur.sa joins the body-wall. 
The costa dorsalis is divided at its base into two diverging branches, 
which are bipartite. The connnon base of the costa dorsalis and 
costa dorsalis externa is very short, while the latter ray is long, 
.slender, and clavate. Tlie costa lateralis e.xterna is closely joined 
to the aista lateralis media. Two small im caiidal papilla; can be 
.seen anterior to the ventral rays. The .spicules are long and slender, 
o-()Mnillimetrcin leiigtli. and terminate in barbed jjoints. 

J-'emalc is q to iJ-(> millimetres in length: ^■llIva in the anterior 
half of ilie both’, but near the equator, bggs 57'7 ri> bo p, by 33 

Life-History. his is the sanu' as A ricylostonia diiodcnalc. 

ZoologicaJ Distribution.'- Man and the gorilla. 

Pathogenicity, -it ranses ankylostomiasis in certain regions. 

Ancylostoma ceylanicum Looss, i()ii. 

Synonym, (’r'l A ncvloslinna hra'Aliciisc r,onie/, de Faria, igio. 

Definition, Amylostoina with oik' large tooth at the anterior 
edge of the month eajisule, and below and behind this a very small 
tooth towards tin* middk' lints Lobes of hnrsa almost as broad as 
long. 

Remarks. I'liis worm Wiis found in rats and dogs in India, and 
is tli(‘ sani(‘ as licit found in the civet cat in Ce^don, and in man 
in 1 ‘riig.d by ('iri\ton Lane, and called A, ceyUinictivi . 

^ It luis also ihcii found by Darling in a Tamil and a Chinese in 
Kuala Lum])ur. and also in dogs, in which they were frequently 
h_)iind. 

( layton-Lane suggests tliat the genus Ancylostoma should be 
dix'idc'd into two siihgtaita'a- \'izs 

I 7 , f A , (liKnlciialc. 

bubgnms ri//cv/o,s/cw«| _^j 

Subgcmis ( 'cvlaiicvlds/onial ' j ' 

\ e\ . nialayci'fivvi . 

tr. de Isiria maintain^ iliai ,1. hi ( j:iI icvsc and A. ccylaiiicum are 
probably not tlit' same, ht'canst' of tlu' cliaracter of the oral capsule 
and bursal i a\ s. 

PSEUDOSTRONGYLES Ja iper, i()i2. 

Scmaloda with siinjiL' moulli. and a cutieular bmsa in the male 
without rays. One spicule. 

Lamily 13; KusTK()N(;Yi,n)]f)^i7 Ltaptr, i()i2. 

SOBI AiMii Y L)io('T()rnYMiN.B Raillict. 

Juistrojigylicke with unarmed mouth; bur.sa coi)ulalrix without ri])s or 
bands. Genus: Dioclophyme Collet-Megrci, 1802. 
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Dioetophyme Collet-Megret, 1802. 

Very large Strongylidae with cylindrical bodies; mouth with six papillae. 
Male with collar-like bursa and one spicule. Female with one ovary; vulva 
in the anterior half of the body. 

Dioetophyme renale (Gocze, 1782). 

Synonyms. — Ascaris canis et martis Schrenk, 1788; A. viscevalis et renalis 
Gmelin, 1789; Strongylus gigas Rudolphi, 1802; Eiisirongylus gigas Diesing, 
1851 ; Strongylus renalis Moquin-Tandon, i860 Eustrongylus visceralis Railliet, 
1885. 

This worm lives in SoutV America in the pelvis of the kidney in the dog, 
seal, ottei, and wolf. It has been recorded twelve times in man, if the 
records really refer to this worm. 

Morphology. — The worm is blood-red in colour, but otherwise very like a 
large A scaris lumbricoides. Along the lateral lines there are about 1 50 papillae. 
The submedian ridges are well developed, and the anterior extremity some- 
what attenuated. Cuticle finely striated transversely. 

iMale ^o centimetres long by 4 to 6 millimetres broad; bursa without rays, 
and with one very long, slender spicule 5 to 6 millimetres in length. Female 
100 centimetres in length and 12 millimetres in thickness, with an obtuse, 
sliglitly curved posterior end, a single ovary, and a vulva situate 50 to 70 milli- 
metres behind the anterior extremity. Fggs ovoid, with thick, brownish 
shell ()8 to 80 fji by 40 to 43 /t, with numerous depressions. 

Life-History, — I)evelopment begins in the uterus of the itunale, but stops 
at a certain stage, and tloes not continue (Balbiani) until brought into contact 
with water or damp soil, when the egg hatches. The embryo is 240 ^ by 14 /x, 
cylindrical, and gradually tapering posteriorly. The head is pointed, with a 
terminal mouth without papillae, but which is thought to be provided with a 
small protractile dart. The further development is not known; it has been 
thought that it takes place in fish, but experiments have failed to justify 
this view. 

Path'Pgenicity. -It is usually found in the kidney, which it destroys. In 
animals it has also been found in mammary and perineal tumours. Symp- 
toms appear to be hccmaturia, and the diagnosis is made by the discovery of 
the eggs. 


Family 16: Trk hosomid.f. 

Neinaioda with the anterior portion of the body thin and whip- 
liko; posterior portion thick with genitalia. Mouth small, without 
papilke. (Esophagus very long, traversing a peculiar strand of 
cells. 

TrichinellinaB Remsom, i oi i . 

Male without spicule. Inmiale producing embryos. 

Trichurinae. 

IMale with spicule. Female jnoducing barrel-shaped eggs. 


Genus Trichinella Railliet, 1895. 

Trichinella Railliet, 1895. 

Synonym. Owen, 1835, wee Meigen, 1830. ^ 

Very small Trichinellidce, with thin, hair-like bodies. Posterior end of the 
male with two cone-like appendages, between which the cloaca is situate. 
Vulva placed far forwards. 
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TricJiine/la spiralis Owen, 1835 - 


I S3 5 and described by Owen, 


Svnonvm. — Trichina spiralis Owen, 1^35* , ^ ^ 

T. sptralts. tliougli discovered by ® 

had been previously seen by Peacock m 1828 and b} i ' 

It is really a pamsile of the black rat (Epmiys rai/us) and the sower rat 
IF worvrHcus) in which the rate ol infection is placed from 8 -j to loo per 
ifnt!TccSg to the locality, but it spreads from the rat to pigs, dogs, 

cats and many other animals. , . • t- a- , , 

Man become^ infected from the pig as a rule, for that animal is particularly 
liable to the disease, because it is apt to be led ujmn scraps of raw meat 
Further the larva in the flesh of the pig is very difficult to kill, for it will 
resist a temperaluri- of So° C., pickling, smoldng, and freezing. Hence, though 
ham be well boiled, it does not follow that the larva: in its centre are killed. 
Sausage-s. however, an* tlic greatest danger, for in them the larvae can live well 

protected. . r .c- 

In order io infect man, there must be a source of infection for the pig, 
and this, in i iw first instance, can come from the rat, and afterwards be kept 
up in tin* ])ig, and Hum the transmission to man is easy. 

As rats, pigs, and men arc cosmopolitan, so trichiniasis is also cosmopolitan, 
ft is not uncommon in certain parts of India, and is known in China. In 
considering the eiidemicity of the disease, it must not be forgotten that the 
wild boar {Sus scrofa ferox) is susceptible. The disease is supposed to have 
been introduced into Europe from Asia, either by Epitnys norvegictis at the 
end of the eighteenth century, or by the Chinese pig from 1820 to 1830. At 
present it is common also in America. 

Morphology and Life-History. — It is usually found in human or pig’s 
muscles, where it ajipears as minute white specks, which, when magnified, 
are found to be encysted larvic. These cysts arc oval, with their long axis 
in tlu^same direction as that of the muscular fibres, measuring 400 by 250 
Tlie cyst membrane is formed from inflamed connective tissue, which has 
invadeu the inf('ct('(l mu.scular fjfire. Inside the cyst is the coiled-up worm. 

In this condition lire larvre may live for years, but may be killed by calcifica- 
tion. They are mostly found in tin* diaphragm, the larynx, tongue, abdo- 
minal and intercostal muscles. 

When these cysts reach the stomach of a man or animal, the gastric juice 
dissolves the cyst -wall, and the parasites escape, and, entering the duodenum 
and jejunum, thc'y grow into adult males 3 to 4 millimetres long by 60 fju in 
diameter, and fi'inales 1*4 to i‘6 millimetres long by 40 (.1 in diameter, which 
copulate. ] he males now die off, and the females, increasing in size, penetrate 
the mneosa of the bowel niitil they reach a lymph-channel, where they de- 
posit their laia a*, whicli are born alive. Lcuckart says one female gives rise 
to 1,500 larvrt, which are carried by the lymph and blood streams all over the 
body. The larva*, now leave* tlie capillaries and work their way into the 
tissues, and in about nine to ten days encapsule in the muscles, the attacked 
fibres of which degenerate and become inflamed, and the cyst already described 
is formed. 

Pathogenicity. — When the female pierces the mucosa, and during the wan- 
dering through the lymph and blood of the larvae, very severe symptoms 
called trichinosis or trichiniasis are produced. 


Subfamily Trichurin^ Ransom, 1911. 

Type Genus. — Trichmis] also Capillaria Zeder, 1800. 

Trichuris Roedcrer and Wagler, 1761. 

Trichosomid<T, with the anterior part of the body very long 
and thread-like, and the posterior thicker portion sharply trun- 
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cated, with a terminal anus. Male with a spirall}^ rolled posterior 
end and one spicule; female with one ovary, and the vulva situated 
at the junction of the thinner and thicker parts of the body. 

Species in man : Trichuris trichima 
Linnaeus, 1761. 




Fig. 304. — Trichuris irichiura (Linnteus, 
1761): Male. 


Fig. 305.— Trichuris trichiura 
(Linn^us, 1761); Female. 


(From a photograph by ). J. Bell.) 


Trichuris trichiura Linnaus, 1761. 

Synonyms. — A scans trichUira L., 1771; Triclwcephalus homim s 
Schrank, 1788; 1 \ dispar Rudolphi, 1801. 

This worm is very commonly met with in the tropics. Its eggs 
appear in the Leces, and it is met with in the caecum and sometimes 



in the vermiform appendix during post-mortems. Its anterior 
end is frequently found buried in the mucous membrane, and while 
in this position it is possible for bacteria to enter and cause disease 
— e.g,, appendicitis. 
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It is comnionlv M thv wliip-wonii, ;in<l is (:(»s,.u.j,oi.,;,„ 

MorohoSy The imu,suiv> 40 to 43 JoWwu trcs in h n„h, 
andis eailv recogniy.vcl by the spirally coiled posterior end. I,s 
spicule which lies in a retractile pouch, measures 2-3 millimetres. 
The female measures 45 to 50 millimetres m length. Ihe ova are 
oval brown, thick-shelled, with a pale, clear body at each pole. 
where the shell is deficient. The}' measure 50 to 54 by 23 p. 

Life-History.- When the egg appears in the twees, it is unseg- 
inented, and is said to take eighteen months before Ihe embryo is 
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Fig. "^08.^ -OKVicLoPMiiNT of the Kgg of Trichmis irichitmi. 
(After Stiles.) 


fully developed. The egg with tlic ('iiclosed ('iii 1 )ry() is tlu'n takc'ii 
in through the mouth in containinated food or watt'r, there Ixung 
no intermediate host. The sliell is dissolvid by the gastrie juice, 
and tlie embryo readies maturity in tlu' intf'stiiu* in about four to 
five weeks. 

Pathogenicity.- Usually hannh^ss, but may giv(^ rise to intestinal 
disturbance and at times appendicitis. 


Syngamus von Siebold, 1836. 

StrongyltiS with broiid liead, moutli with a cUitinoiis capsule. Male with 
two spicules. hVm:d<‘ with two ovaries and a vulva, situate in the anterior 
part of tlu“ body. 

Syngamus kingi Lci])er, 1913. 

King lorwardf'd ((uiie iet ciilly a puir ol sjtctinu iis lo Lcijai jaiijiortirg to 
eonie from a wtiuian living in St. Lucia, who suttered Irom tlironic cough, when 
the worms wc'ie exjitH toraled with blood. Jaija r thinks that this may be an 
accidental iiilc-i tion o( man with a jiarasite which is harboured jiossibly liy a 
carnivore. It dilters Iroiu .S', hac/ictt/is, tluMommou uduatofle o^ ^loidtry, in 
the buccal c.'qfsulc.s ; thr.se iu tlx- male ami Ifunah' are on the sanu' h vel, 
wdi(M(‘as in S . tyitiJiml ib that of the mah' is more aiit ( rior. Mouth ca])sules 
terminal, d'adol lemalc hlunt Iv ])ointid . 


ORDER II. GORDIACEA. 

Nematlielminthes wdtli the intestinal canal alwxws atrophied anteriorly 
in the adult; head without pa])illa*: two testes, but never spicuh's in the 
male; vulva ahvays united wdth the posterior portion of the intc'stiiie to form 
a cloaca; rare iu man; only accidental parasites. 

These worms ar(‘ popularly known as horsehairs, and are supposed lo 
cause serious and even fatal disease in man or animals if swallowed. Their 
})afhogenicity has recently been studied by Stiles, who is unable to support 
the popular belief as to the serious nature of these parasites in man. They 
are very long, thin worms, like Filaria, which can bo found in ditch-water 
swimming freely or twining round water-plants. 

The body is covered with a well -developed two-layered cuticle. The mouth 
and the anterior part of the intestine is obliterated. The posterior end of 
the male is lobed, and without spicules. In the female there are two ovaries 
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and the egg-sacs, which open by means of oviducts into a uterus. The males 
are often blackish brown, and the females light clay brown. 

The life-history of Parachordodes iolosanus is very complicated: the first 
larva enters the larva of the alder-fly (5ia/is lutaria L.), where it lives during 
the winter, and passes over to the imago of the same insect, whict is eaten by 
a beetle (Pterostichus niger) . The first larva changes, becoming a second larva, 
which lives in the beetle during the second winter, and finally escapes into the 
water about twenty months after hatching. In the water it soon l)ecomes 
adult Gordiidjc. 

The Gordiacca includes the family Gorduche. winch is divided by Camerano 
into four genera: Gordius IJnnams. 1758; Payagordius ('amerano, 1870; l^ara- 
cJiordodes Camerano, 1897; Chovdodes . 

Without going into details, it may be saiu that the following specie:, havi' 
been reported as parasitic in man: 

Gordius aquatiens L., 1758. h'our recorded cases in Kurope with abdominal 
sympt(jms, pain, vomi^dig, etc., and nervous symptoms, hy.steria, and ne\i- 
ralgia. 

ii . L-Jiilicnsis K. Iflanchard, 18. jg. -This is simply lxiS(‘d on the h^gends ol 
Chilian Indians, who fear the worm. 

Payagordius varius Lcidy, 1851.- Four cases of iid’ection in North Anun'ica. 
Worms wrere ('xpelled per (mum or l)y vomiting. Symidoujs: nnim]^ortant. 

P. iricuspidaius Dufour, iHeB.'- Om* ca.s(‘ in ]''ra.nc(‘. Symptoms: slight 
colic. Worm extracted from th(‘ throat. 

P. cinctus von Lillstow^ igoO. - I'Tom a. man in 1 .eydtmburg in tlu' d'ransv’^aa.l . 

Parachordodes iolosanus Dujardiu. i8-|2. Idaur cases, in on(‘ of wd^.ich it is 
accused of causing e]filc‘ptiform fils. Cases occunaal in hraiu e and Italy. 

P. pustulosHS Baird, 185^ -One case in Italy causial anal ])ruritus and 
discharge. 

P. violaceus Baird, 1833. — (_)n(‘ case in h'ranci*; it lodgetl in the tliroat 
before expulsion. 

P. alpesiris Villot, 188.;. - One ('as(‘ in France. 

Undetermined . — Ward, in igo^, ’jaiblislual the mu'ounl of a rase in which tlie 
genus of the worm w'as not determined. 


Cl.ASS IT. 

ORDER III. ACANTHOCEPHALA RikIoIiiIh. 

Nemathclminthos witli a retractile proboscis armed with s(weral row's ol 
spines or liooks; intestiiu' abstml ; {larasitic in the intestine of vm tehrates. 

Tlie Acanthoce]:)hala an* elongated cylindrical worms, in which the body 
can be divided into jiroboscis, neck, and trunk, ddie proboscis is a Jiollow, 
linger-shaped, retractile process, covered with a thin cuticle, and armed with 
rings c)f hooks arra.nged in longitudinal rows. The neck is not always dis- 
cernible. The trunk lias a rounded jiosterior end, and consists of a boely-wall 
with muscular layers, covered by a thin cuticle, enclosing tlie excretory and 
reproductive organs. The sexes are separate. The male organs are two oval 
testes, whose vasa elferentia unite into a vas deferens, which opens into a cirrus 
contained in a pouch or bursa, and provided with a prostate gland. 

The female organs consist of two ovaries, which break down into masses of 
cells which escape into the ceelom. Here tL^; ova are fertilized and the embryo 
IS formed, and escapes through a funnel-shaped structure called ' the bell ' 
into the uterus, and so through the vagina and the genital orifice at the 
}K)sterior end of the body into the lumen of the host’s intestine. 

The embryo leaves the host with the faeces, and, getting into w^ater, enters 
the alimentary canal of a crustacean, water-insect, or fish, inside which it 
hatches. It now bores its way through the intestinal wall into the ccelom, 
where it develops all its organs except the reproductive. 

The crustacean, water-insect, or fish must now be eaten by a vertebrate, 
wdien the acanthocephalid becomes sexually mature in the intestine. I hoy 
are very rarely found in man. - 
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Classification.— The Acanthocephala are divided into four families by 
Hamann and Shipley: — Ecliinorhynchidae, Gigantorhynchidae, Neorhynchid^, 
and Arhynchidae. Human parasites, which are very rare, are only found in 
the first two families. 


EcHINOKHYNCniDAi:. 

Acanthocephala with elongated, smooth body; proboscis can be retracted 

into a sheath with double walls. 

Genus. — Echinorhy'nchus Muller, 1776. 

Eehinorhynehus {Miillcr, 177b). 

Echinorhynchus hominis Lambl, 1859. 

This parasite was found in the inte.stine of a boy who died of leukaemia; 
it was 5*6 millimetres long. There appears to be much doubt as to whether this 
really was Fchinorhynchus. 

GlGANTORIiYNCIIIl).^':. 

Gig’antorhynehus iJamann, 1892. 

Large Acantliocepliala with ringed, flat, tmnifonn bodies. 

Gigantorhynchus gigas (Gocze, 37S2). 

'this parasite was alleged by Lindemann to occur in man in .South Russia, 
wliore Schneider says Melolontha is eaten raw. It is lo to 15 centimetres long; 
eggs 80 to 100 long, with three shells. Its usual life-history is tliat tlie 
adult is found in pigs, and the larva in Melolontha vulgaris, Celonia auraia, 
or Lachnosierna arenata. 

Gigantorhynchus moniliformis (Bremser, 19 1 1). 

Synonym,- Eohinorhynchiis moniliformis Bremser, 79]!. 

Lciper records a parasite found in a Sudanese by Christoplierson as probably 
belonging to this species. It has also been semi in man by Grassi and Calan- 
druccio. The worm is found in Europe. Africa, and ]3razil. 

Morphology. — White body with attenuated ends with many rings, making 
it closely resemble a Porocephalus. Male 410 5 centimetres in length, with a 
bursa visible to tlu? naked eye. Female 7 to lo centimetres long, h-ggs ellip- 
soidal, 85 ij, by 45 fji. 

Life-History. — The intermediate host i^Blaps mucronaia . Calandnu cio has 
shown c‘xp(‘rimentally that it can devidop in the human body. 
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CHAPI'ER XXVII 

ANNULATA AND HIRUDINEA 


Aiiimlata — Hinidiiiea— Classilicalioii— GnatliobclellidiiP— Hi iidificT - 

Hamiadipsina; — Remaining orders References. 

PHYLUM ANNULATA AUCTORES, 

Metazoa with (elongated ])odies divided externally into a number 
of rings which represent a division ol tlie init'rnal parts into seg- 
ments or somites (metameres). usually with an extcmsive ccelom. 
Nervous system consists of a ciTebral ganglion, with doii])le ('om- 
missure and ventral nerve cord. Organs of ex('retion in the form 
of metamerically arranged pairs of nephridia. 

The only class of ttiis ])hylnm which contains animals of imj)or- 
tance in tro})i('al mc'diciiu' is tlu' Hirudinea or l)isco])hora i .c., 
the leeches. 

CLASS HIRUDINEA Savignv. 1817. 

Anniilata with oval bodies, showing a dorso-vt'ntral flattcming 
and two suckers, one at cxach end. 

Remarks.- -Leeclu'S arc* of interest in the tropics, first b(A\ause 
they may be a considerable* nuisance* as ecto])arasites- c.g., land 
IcH'ches or Hannadipsa ; and. secondly, they may be of c'onsiderable 
dangc'r to the health and evem the life of a person as endoparasites 
- -c.g., the water Ic'eches, j)articulaiiy . 

As ectoparasites they are apt to fasten on the legs of persons 
going through grass or jungle. In fact, in Ceylon, while standing 
on a pic'ce of grass in cc'rtain parts of the* low country, the leeches 
can be watched converging from all quarters of the compass towards 
the observer. 

Very often the bite is not noticed, and the leech or leeches may 
have suckc^d a coiTsiderable amount of blood before any attention 
is paid to them, and talcs are told of persons feeling faint before 
noticing that they were being attacked by these creatures. 

They are apt to get into the nose, n iso-pharynx, or larynx with 
drinking-water, and in this endoparasitic condition they may suck 
blood and cause epistaxis or haemoptysis, and this may go on to 
such an extent that anaemia and even death may result. 

It is hardly possible to believe that they can live in the stomach, 
for it is much more likely that they are at once killed by the gastric 
juice and digested. 
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A great many tropical countries appear to be plagued with leeches 
which affect men and animals as indicated above, but it is prob- 
able that Algeria, Palestine, and Ceylon are the most mlested. 
Among the other places in which they are troublesome may be 
mentioned the Philippines, Java, Sumatra, Australia, Japan, and 
Chili. In Algeria and Palestine the leech lives in the pools ol 
drinking-water, and here the endoparasitic form may be met with, 
whereas in Ceylon it is usually a land leech which attacks the 
individual, and therefore the ectoparasitic condition is common, 
while the endoparasitic is more rare, being due to Hirudo multi'- 
striata. 

Morphology. — Leeches have an elongated, more or less oval body, which 
is very retractile and extensile, and is marked by annuli or rings, of which 
several — usually live — form a somite. The number of rings to a somite is, 
however, reduced anteriorly and posteriorly, being abbreviated. At the 
anterior extremity is the oral sucker, and at the posterior the acetabulurn. 
The skin possesses many unicellular dermal glands. The mouth-opening is 
situate in the anterior sucker, and the anus either in or just in front of the 
constriction which separates tlie posterior sucker from the body. 

The male genital opening is placed on the twenty-fourth annulus, and the 
female hve annuli behind it in H. medicinalis ; but the female orifice may 
vary with regard to the male in other genera. A number of nephridial 
orifices can be seen as paired openings on the posterior einnuli of many of the 
somites. Eyes exist as small, dark dots on the dorsum of the body, behind 
the anterior sucker. The mouth may be armed or unarmed. In the former 
condition it possesses three jaws — one dorsal and two ventro-lateral each 
with a thickened free edge notched with teeth. In the latter there may be 
only a proboscis. Into tire mouth open the salivary glands, which secrete a 
fluid which prevt'uts the coagulation of the blood. Ihe pharynx is an oval 
sac, with strong muscular walls and radial muscles, which can alternately 
contract and dilate the cavity, thus forming a sucking-pump. From the 
pharynx an oesophagus leads to the crop, which is a straight, thin-walled tube 
with lateral diverticula. 

Behind the crop comes the small stomach, which opens into a narrow 
straigJit tube — tlie intestine — which runs to the anus. The ccelom consists 
of a series of tubes containing red blood. The excretory system consists of 
the nephridia. Tliere is a supra-oesophageal ganglion, a nerve collar, and a 
ventral nerve chain. The male reproductive organs are a number of testes, 
with vasa effeniutia opening into two vasa deferentia, which, after coiling 
into epididymes, run to the single penis. The female organs are a pair of 
ovaries and oviducts opening into a single vagina. 

Biology. — Leeches appear to be essentially water animals, and 
thoiigli certain genera can live on land, still, they require a great 
deal of moisture. Hence land leeches retire into moist places under 
stones, earth, etc., and only come out when requiring food. In 
dry weather not a leech can be seen, while in damp weather they 
may be very abundant. 

Any disturbance of the air appears to affect them. Hence they 
arc quickly aroused from their retreats when a human being or 
animal approaches, and set forth at once, often with considerable 
speed, to the attack. 

The bite is not always painful at first, and may not be noted 
until the flow of blood is observed. The leech, while biting, keeps 
itself and the skin of the victim moist by liquid excreted by the 
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nephridia and the dermal glands. When it has gorged itself with 
blood it drops off, but its salivary secretion prevents the coagulation 
of the blood, and hence the site of the leech-bite bleeds considerably 
for some time. The blood is stored up in the crop and its caeca! 
diverticula, and only a little is used day by day ^'or food. 

Pathogenicity. — -Leeches are hosts of trypanosomes and other 
parasites, and their bite may possibly introduce these parasites 
into the skin of the human victim as well as into that of animals. 

The marked feature of the pathogenesis is loss of blood not 
merely caused by the sucking oi the leech, but also by the bleeding 
from the wound caused by the bite. Further, the punctures 
caused by Hcetnadipsa zeylanica arc extremely liable to become 
ulcers, which, according to Marshall and Davy, caused a high rate 
of mortality among the Madras sepoys and coolies during the 
Kandyan rebellion of 1818 in Ceylon. Short of death, amputa- 
tion of the limb was necessary in those days. We are not inclined 
to consider these old statements as erroneous, because it is quite 
possible that some organism is often introduced into the affected 
part by the leech-bite. P'or a further discussion of the pathogeni- 
city, see the chapters on Diseases of the Respiratory Organs and 
of the Skin. 

Classification. — The class hlinidinea may be divided into several orders: — 

Order 1.: Rhynchohdcllida. — Hirudiiiea without jaws, with an extensile pro- 
boscis and with colourless blood, living in salt and fresh water. 

The Rhynchobdellida are divided into two families: 

Family i; IchthyobdellidcB. — Rhynchobdellida with the anterior narrower 
part of the body distinct from the posterior, and with both suckers distinct 
from the body. 

To this family belong the genera Fisdola de Iflainville, 1818, and Pontobdcllii 
Leach, 1815, mentioned in the chapter on ITotozoa. 

Family 2; Glossiphoniidce.- -K\\y\\d\ohdQ\\.x with the anterior sucker fused 
to the body, while the posterior is distinct. 

Among the genera of this family is Hcementaria de Filippi, 1849. of which 
//. officinalis de Filippi is found in Mexico, and is alleged to cause drowsiness, 
buzzing in the ears, and a painful rash, when it bites a person, dhe causation 
of these symptoms is obscure. Another species is H. ghiilanii de Filippi, 1849. 

Other genera are Glossiphonia Johnson, 1816; Jlemiclepsis Vejdovsky, 1883 1 
and Placobdella R. Blanchard, 1893. 

Order II. : Arhynchobdellida.—mrwdino,3. usually with jaws, without a 
proboscis, and with red blood, living in fresh water or on land. There are 
two families, Gnathobdellidae and Herpobdellidae, of which only the first 
concerns us. 

Family Gnatjiobi)Ellidt<. 

Arhynchobdellidae with five or more, rarely four, pairs of eyes, and, except 
in the Semiscolinae, with tliree denticulate jaws. Eggs enclosed in a spongy 
cocoon, which is deposited above water-line. 

The Gnathobdellida? are classified into the following subfamilies: Hirudi- 
ninac, Hacmadipsinx, and Semiscolccinac, which last is not of interest to us. 

Subfamily Hirudinin^ R. Blanchard, 1894. 

Aquatic Gnathobdellidae with ten eyes, and with an eyeless ring between 
the third and fourth pair of eyes, with denticulate jaws. Complete somite 
formed of five rings. The nephridial pores open near the margins of the body 
on the ventral surface. 
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In 1896 Blanchard divided this subfamily into two series: (i) Monosticho- 
donta— jaws armed with one row of teeth; (2) Distichodonta-~-jaws armed 

with two rows of teeth. 

The genera are: Hirudo, Limnatis, Htrwopis, Hirudinana, Limn oh della , 
Macrohdclla, and WhiUtuwia, which are divided into two series. 


Series 1: Monostichodonta. 

Hirudinina' with jaws with or without papilhr, and armed with a single row 
of numerous sliarp teeth. 

Hirudo Linmnis. 

Synonyms. Sau^uisuga Savigny, 1832; latrobddla dc Blainvillc, 1827. 

Jhrudinina' with twenty-six somites, of wliicli tlie 1st and 2nd liave each 
one ring; 3rd. two rings;'4th, 5th, and Oth. each three rings; 7tJi to 22nd, 
each five rings; 23rd, three rings; 24th. 25111. and 2()l}i. eacli two rings; making 
in all 102 rings. 

Jyyes are carried on the 1st. 2nd, 3rd. ytli. and 8th rings, i lu‘ bnccals are 
the 'stii and 6th, and the post-buccals the 7th and 8tli. Tln‘ first pair of 
nephVidia is on the i 3t]i. and the last (tlie lyth) pair on tin* 03rd ring. 

Tlu‘ nude orifice is between the 3otli and 31st rings, wliich are the 2nd and 
3rd of tli(‘ lotli somite. 


ITo. 309.- Hinulo muliidriaia Sciimarda. 
d'he common water leech of Ceylon. 

Th( female oritice is live rings htdiind tha.t of the male — /.c., btdween the 
35th and 30th rings. The anus is situate on tlie T02nd ring, or between the 
loisl and 102nd. 

hi u lido lilt'd K 'iKiiis ]^iim;ens, 1758. is found principally in Hungary. Variety 
ojjiciiialis. 

II. iyochiia Johnston, i8i(), is tin? medicinal leech of Jinglaiid, bVaiice, Spain, 
and Algeria. 

Ih.nippoiiin Whitman, i<S86. (a^ian. 

H. sinica de Blainville, 1827. China. 

//. qnimi lie striata Schmarda. Australia. 

//. saigonensis. CTichin-Cdiina. 

II . asiatica K. Blanchard. Afghanistan and BiM'sia. 

//, linioreiisis K. Blanchard, ddmor. 

ll. sepieiusiyiatii Grube. South Africa. 

//. inldcbyandli fC Jjlanchard. Bast Alrica, Victoria Nyanza,. 

II. nmliistyiata Schmarda.. Ceylon. 

Series 2: Distichodonta. 

llirudiniiue with jaws without papillae, and eirmed with two rows of in- 
frequent, blunt, irregular teeth. 

Hsemopis Savigny, 1S17. 

Synonym.- - Aulastoma IMoquin-d'andon, 1826. 

Hiriidinince with 3 rings on the 23rd somite, and two rings to the 2.]th, 
25th, and 26tli somites. Crop with one pair of elongate lateral eaxa retlected 
posteriorly. Cienital openings usually separated by five rings. Upper lip 
of anterior sucker not divided interiorly by a longitudinal groove. H. 
sanguisuga Linmeus, 1 758, found in Europe, and H. lacustre Leidy in America. 

Limnatis Moquin-Tmidon, 1826. 

Hirudininae with a longitudinal groove on the inner surface of the upper 
lip of the anterior sucker. Jaws with more than 100 teeth. 
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Limnatis nilotica Savigny, 1820. This leech is 8 to 10 centimetres in length, 
and is common in North Africa, the Canaries, South Europe, and Asia Minor 
while it, or some other species, is found on the West Coast of Africa. 

Limnatis mysomelas Serulias and Virey. 1829, is found in Senegambia, and 
L, granulosa Savigny, 1820, in India. 

These leeches are of importance, because they exre apt to get into the nose, 
naso-pharynx, pharynx, and larynx of persons drinking at pools of water, 
a,nd to cause serious symptoms. Other species are L. africana R. Blanchard in 
Senegal and the Congo, L. maculosa tlrrube, 1859, in Singapore, L. mysomelas 
in Senegal, and L granulosa in India, 

Hirudinaria Whitman, 1886. 

HirLidiiiiiue v.ith the sexual pores separated by several rings. Acetabulum 
very large. 

H.javanica Wahlberg, 1855. In Ikitavia, Sumatra, and Burma. 

Limnobdella R. Blanchard. 

llirudininac with 103 to 104 rings Jaws without papilla*, 'lliv Oth somite 
with three rings, the 24rd with five rings. 

L. grandis R. Blanchard. Timor, Sumatra, .and ('eyloii. 

L. australis Besisto, 1859. Sydney and New South Wales. 

L. mexicaria R. Blanchard. Mexico. 

Macrobdella X'errill, 1872. 

Hirudinina', jaws without sensory papilhe; teeth not numerous; 103 body 
rings. Both genital openings on the nth somite. 
sesicrtia Whitman, icScSO. America. 

Whitmania U. Blanchard, i88.|. 

Hirudinina' with 105 to 107 rings; Oth segment with live rings; 2 pal has 
always more than three rings. Te(Th more or less rudimentary. 

\V . ferox K. Blanchard, 1890. l.ondon Zoological Gardens and in Asia.. 


SUHFAMILY ILemadipsin.e R. Blanchard, 1894. 

Gnathobdellida*, small leeclies, living on land, with ten eyes, and no eyeless 
ring between the 3rd and 4tli (‘yes. The three last body somites (twenty- 
three to twenty-six) with only one ring each. Dentition simple and complete. 

Remarks. — rhe Ha^madipsina^ were monographed by Blanchard in July, 
J91 7, in his usual masterly style. 

Type Genus,— ilcFniadipsa 'rennent, j 80 i. 

Haemadipsa Tennent, 18O1. 

Synonyms, hs' Schmarda, 1801 ; Chthonohdella Grube, 1865. 

Hannadipsime, terrestrial in habit, 2 to 3 centimetres in length; sub- 
cylindrical. tapering slightly forwards, c.ephalic lobe, rounded when at rest, 
but pointed in exteii-sion ; acetabulum moderately large, round, or oval, 
centrally attaclied, separated from the body only by a feeble constriction. 

Eyes in five pairs, the rings bearing the 3rd and 4th pair, not separated by 
an intervening ring, the rings bearing the {th and 5th pairs, separated by 
two rings. (J.sophagus with three plications one dorsal and two latero- 
vcntral. The three maxilhe covered with teeth, which increase in size towards 
the converging anterior ends oi the jaws. Clitellum includes three somites 
and fifteen rings, (hmital orilices separated by live rings; nephridial pores .at 
the margin of the body, the last pair oy>ening in the constriction between the 
body and the acetabulum. 

Remarks. — The land leeches of Ceylon were separated from the genus 
Hirudo by Tennent in 1861, under the name of Hamadipsa ; and those of 
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Australia by Whitman in 1886. under the term Geobddla, altered to Moquinia 

are mostiy tropical, living in the area defined by the parallels 
40= N ario's oTuie Equator, for they appear to prefer a warm, moist 
climate. In tlic Himalayas they ascend to a height of ii,ooo feet, but in 
Ceylon they diminish in numbers above 4,000 feet. They are to be found 
in Ceylon, India, Java, Sumatra, Luzon, Mindanao, PeJew Islands, Japan, 
New Guinea, Celebes, New Soutli Wales, Queensland, and the southern 
provinces of Chili and Trinidad. They live under damp leaves and loose 
rubbish, and appear when the air is disturbed by the approach of man or 
beast, and so quickly do they rush to the attack that they have earned the 
name of the ' jumping leech.' As a rule they bite gently, but make a deep 
wound, the scar of which may take months to disappear. They fill them- 
selves wdh blood in about thirty minutes, and then drop oif. 

Classification. — Some of the species are as follows: — 


/y. de Bkiinville, 1827. Cfylon. II. vagans, P. Blaiiclieird. Mada- 
gascar. 

//. nw/ju/a Grube. Sydney. 77 . Jai/unica Walilberg. Java. 

/ 7 . fallax K. Blanchard. Madagascar. 77 . ialagalla Meyen. Philippines. 

77. JL Blanchard. ,, 77 . Whitman. Japan. 


Other Genera. 

Mcsohdella R. Blanchard, 1893. — With three rings to a somite. 

M. gcnimaia .R. Jhanchard, 1894. 

Philcrmon K. Blanchard, 1893.— With four rings to a somite. 

P. puiigens R. Blanchard. Java and Australia. 

P. graudidicri R. Blanchard. Madagascar. 

PhyiohdcUa i\. Blanchard. 1893.- — With six rings to a somite. 

P. meyeri R. Blanchard. Luzon. 

P. violucccusis R. Blanchard. Salawati. 

Plaiiohdclla Ji. Blanchard, 1894. — With seven rings to a somite. 

P. R. Blanchard. North Celebes. 

P. niolesia R. Blanchard. Celebes. 

Moquinia R. Blanchard. 1881. — With seven and a half rings between genital 
apertures. 

Remaining Orders, 

d'he remaining orders, llistriobdfdlida, Acanthobdellida., and Branchio- 
bdellida, do not concern us. 
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CHAPTER XXVIII 

ARTHROPODA 


Artliropoda — Diplopoda — Acarina — Gamasoidea — Ixodoidca — Trombidoidea 
— Eupopoidca — Sarcoptoidea — Vermiformia — Linguatulida — Crustacea 
— Chilopoda — References. 

PHYLUM ARTHROPODA v. Siebold and Stannius, 1845. 

Bilaterally symmetrical metazoa, with well-developed body cavity 
and heteronomously segmented body with hollow segmental appen- 
dages, moved by intrinsic muscles and penetrated by blood spaces. 
One or more pairs of appendages behind the mouth are densely 
chitinized and turned inwards so as to act as jaws. 

The phylum Arthropoda is divided into the following grades and 
classes by Ray Lankester: - 

(iUADE A: PrDTAR rilROPODA. 

Class I. Onchophora. 

Grade B: Euarthropoda Lankest(T. 

Class II. Diplopoda. 

Class III. Arachnida. 

Class IV. Crustacea. 

Class V. Chilopoda. 

Class VI. Hexapoda. 

The Onchophora, which includes tlie genus Peripahis, does not 
concern us, but the other classes all contain species of importance in 
medicine. 

CLASS 1 1 . DIPLOPODA Ray Lankester, 1904. 

Synonym. — Chllognaiha. 

-Euarthropoda, in which the somites generally fuse after early development, 
forming double somites, with two pairs of appendages, or present legless and 
leg-bearing somites alternately. They are terrestrial, breathing by tracheae. 

The following orders are recognized: — (i) Juliformia; (2) Symphyla; and 
(3) Pauropoda. We shall only consider the first. 

Order I, Juliformia — Diplopoda with two pairs of appendages on each 
somite. — Two families of the Juliformia need be mentioned: — 

Family Julidje — Juliformia with large free head, without broad dorsal 
plates. — Two species of Julus — viz., J. terrestris L. and JT. londinenensis Leach 
— have been found as occasional parasites (accidental) in the human alimentary 
canal in Europe. 
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Family PoLYDJismvm—JuHfprmia with large free head and laterally ex- 
tended dorsal plates.— Poly deswus complanaUis has on^' been recorded as an 
accidental parasite the human aJimontary canal in Europe. 

Pathogenicity.— Theso parasites give rise to symptoms both direct and 
reflex. 

CLASS HI. ARACHNIDA Lamarck, 1S15. 

Eiiarthropoda with two pre-oral scginrnis. the first bearing 
typical eyes, and the second antennae 01 iheJicertp, and six post- 
oral appendages, niodiiied so as to function as jaws, but possessing 
also a well-developed ramus, u-liich may be a leg, palpus, 01 chela. 
The primitive forms have branchial respiratory piocesses, and the 
higher pulmonary organs. 

The Arachnida are classilied by Lankester into:- 

GradeA: Anomomcristica. 

Grade B: Nomomeristica. 

Subclass 1 . Pantapoda. 
vSubclass II. Euarachnida. 

Grade a.' Hydropneusta. 

Grade />.• Aeropneusta. 

Section A: Pectinifera. 

Order Scorpionidea. 

Section B : Epectinata. 

Order I. Pidipalpi. 

Order 11 . Aranea. 

Order III, Palpigrada. 

Order IV. .Solifuga. 

Oi'dcT V. Pseudoscorpions. 

Order VI. Podogona. 

Order VII. Opiliones. 

Order VIII. Acarina. 

Order IX. Linguatulida (Incerta.^ sedis). 

Details with regard to this classification may be obtained by 
reference to Ray Lank ester's paper in the Quarterly Journal oj 
Microscopical Science, 1904, voL xlviii., p. i()5. 

We have already considered the effects of the bites of the Scor- 
pionidea, the Aranea, and some of the Acarina, and now^ it is neces- 
sary to consider more particularly those which are parasitic, and 
cause or .spread disease. 

Two orders must be dealt with in some detail — viz., the Acarina 
and the Linguatulida. 

ORDER ACARINA Nitzsch, 1818. 

, Synonym.— Rh3mchostomi. 

Definition. — Degenerate Arachnida with the basal segments of the 
second pair of appendages united in the middle line behind the 
mouth, while those of the third, fourth, fifth, and sixth appendages 
are widely separated, and take no part in mastication. The re- 
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spiratory stigmata usually belong to the prosoma, and the primitive 
segmentation of the opisthosoma has either entirely or almost 
entirely disappeared. 

Remarks. The Acarina include the mites and ticks which have 
long been known to be human parasites, but it is only recently that 
the latter have come into notice as carriers of disease. 

It is true that a mite, or rather its larva, has long been suspected 
t ) be the cause of Tsutsugamushi disease, but it is probable that 
at present we are not fully aware of the disease carrying and pro- 
ducing effects of these small arachn'ds. 

The Acarina ar.. cosmopolitan in their distribution, and are 
said to be most numerous iu temperate regions. They are abundant 
at high altitudes. Banks remarks that the parasites follow the 
distribution of the host— of the food- -a remark the importance 
of which has already been appreciated. The observer will find 
that a parasitic disease is often bounded by the distribution of 
the food of the insect, which spreads the real cause of the disease. 

Morphology. — -The morphology is described under the heading 
Ixodoidea. 

Life-History. — The female lays eggs covered by a shell and an 
inner Jmembrane called the deutovum. A six-legged larva hatches 
out from the egg, and after a time, during which it may be active 
or quiescent, moults and produces the nympha, which is eight- 
legged, and resembles the adult, except in the non-development of 
the sexual organs and apertures. The leg which is added to the 
nympha is the fourth, or posterior. The nymph is usually energetic, 
and feeds on some host; eventually passing into a quiescent stage 
and undergoing considerable histological changes, it moults and 
becomes the adult male or female. The males are usually smaller 
and more active than the females. Both sexes suck fluid nourish- 
ment from the host, whether animal or plant. Their life-history 
will be found to vary with the different families and species. 

Pathogenicity. — The Acarina are important in the dissemination 
of disease both among men and animals. In men they are respon- 
sible for the spread of such fevers as Dutton’s relapsing fever, the 
tick fever of the Rocky Mountains, Tsutsugamushi disease, and the 
disease associated with the Miana bug in Persia; also they are 
responsible for a number of skin diseases, among which may be 
mentioned scabies. In animals they are responsible for the spread 
of the Babesiases, and of some vSpirochaetiases, as well as causing 
some forms of dermatitis. Incidentally it may be mentioned that 
they also cause disease in plants, producing galls, etc. 

Enemies. — Hurtful as they are themselves, they are not, however, 
free from persecution on the part of other animals. Blood-sucking 
insects, particularly the ReduviideC, prey on some arachnids, 
sucking their blood. Wellman has reported that he has caught 
Phoney gates hicoloripes Stal in the act of sucking the juices of 
Ornithodoros moubata, the tick responsible for the spread of Dutton’s 
relapsing fever. 
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Classiflcation.— TJie order Acarina is divided into the following 

Suborder Notostigmata. — ^Acarina in which the opisthosoma 
is segmented by ten integumcntal grooves, of which the anterior 
four are furnished with a single pair of dorsally placed spiracles. 
(Family : Opilioacaridx*.) This suborder does not concern us. 

Suborder IL Cryptostigmata. — Acarina with a hard integu- 
ment strengthened by chitinized dorsal and ventral sclerites. 
Stigmata on the acetabula of the third, fourth, fifth, and sixth 
pairs of appendages. (Family: Oribatkhe.) This also does not 
concern us. 

Suborder III. Metastigmata. ^ — Acarina wit ha hard integument 
like the Crypto stigmata. One pair of stigmata above and behind 
the base of the fourth, fifth, or sixth pair of appendages. 

Superfamily A : Gamasoidea. 

Superfamily B : Ixodoidea. 

Suborder IV. Prostigmata. — Acarina with soft int(‘gument 
strengthened by special sclerites, those on the ventral surface of 
the prosoma apparently representing the basal segments of the 
legs embedded in the skin. Except in the aquatic species, there 
is a pair of stigmata close to or above the first pair of appendages. 

Superfamily A: Trombidoidea. 

Superfamily B : Eupopoidea. 

Suborder V. Astigmata. — DegeiKTatc; Acarina, mostly ]>arasitic, 
like Prostiginata in the development of integumenlal sclerites and 
the softness of the skin, but with the respiratory system absent. 
(Superfamily : SarcoyMoidca.) 

Suborder VI. Vermieormia. Deg^aierate ])arasitic Acarina 
without respiratory systenn, and with the l)ody ]>rodneed y)osteriorly 
into an annulated caudal prolongation. With the third, fourth, 
fifth, and sixth yiairs of ajipendages short, and only i]\rce jointed. 
(Family: Dcmodicida'.) 

Suborder VII. Tktraroda. -Degcai(‘rat(^ atracheate Acarina 
with body as in the V(‘rmifonnia, but witli tliethird and fourth pairs 
of appendages long and normally segmented, and the fifth and 
sixth entirely absent. (Family: Eriophyidre.) This suborder, 
however, need not concern us. 

SUBORDER III. METASTIGMATA. 

The parasites included in this suborder would in ]R)pular language 
all be called ticks. 

It is divided into two siqierfamilies: — 

A. Gamasoidea. — With a small hypostome without teeth. 

B. Ixodoidea. — With a large hypostome armed with many 
recurved teeth. 

SUPERFAMILY A; GAMASOIDEA. 

The superfamily Gamasoidea i.s divided into three families:- -(i) Dermanys- 
sidae, (2) Uropodidac. (3) Gamasida'. 
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Family i : Dermanyssidzi:. 

Gamasoidea parasitic on vertebrates, with mandibles fitted for piercing, 
with the body sometimes constricted, with soft integuments finely striated. 

The Dermanyssidse are divided into two subfamilies: — Dermanyssinae, with 
an anal plate; Halarachninae, without an anal plate. 

S U B I* A M I L Y I )ERM AN YSSIN^ . 

Dermanyssus Dug^s, 1834. 

Dermanyssimt with a long body not distinctly constricted; peritreme on 
the venter, with chelate mandibles in ^he male and long stiliform mandibles 
in the female. Parasitic on birds. 

Dermanyssus gallinae Redi, 1674. 

Synonyms. — Pulex gallincB Redi, 1674; Acarus pallina; dii Geer, 1778; Dev- 
manyssus avium Dug^s, 1836. 

This parasite lives in cracks, etc., in the hen-house during the day, and 
attacks the fowls at night, sucking the blood. It is also found on many other 
birds and mammals, and occasionally on man, generally on poultry-men, in 
whom it produces a papular eczematous dermatitis on the back of the hands 
and forearms. D. Jiirudmis Hermann, 1804, which is probably only a variety 
of this species, can also be found on mam. 

Morphology.— Body egg-shaped, posterior end wider than anterior, abdo- 
men with short, marginal, widely separated bristles. 

Male, 0*6 millimetre by 0*32 millimetre; female, 0*7 millimetre by 0*4 milli- 
metre. 

HolothyrUS (iervais, 1842. 

Holothyrus coccinella Gervais, 1842. 

Tliis arachnid is found on ducks and geese in Mauritius, and is said to attack 
human beings, causing swelling of tlie affected j>art, wRich, if the lips or tongue 
of a child, may lx; dangerous. Some authorities consider that this arachnid 
should form a separate family of its own — Holothyryidie. 


Family 2 : (xAmasidai:. 

In this family comes the genus Lcelaps Ivocb, 1842, with its species L. echid- 
niyius Berlest*. meiilioned in the chapter on Protozoa, because Miller has 
traced the life-cyclc of Ilcvmogregarina muris Balfour, 1905, in it and in the 
ra.t Mus dcatmanus,. 

SUPF.REAMILV B: IX( )L )01 Banks, 189^. 

Synonyms.- Avar ns Linn.tus, pro parie ; Ri dm cb lyAiroillo, 

pro parte; Jxodidcs I.i'acli, Ixodea Burmeislcr, 1837; 

Ridni Koch, 1(844 and 18..17; Ixod’s Gervais, 1844; Ixodida Kiichen- 
incistcr, 1855; Ixodidce Lc-acli, 18(13; Ixodides Doniiadieu, 1875, and 
Megnin, 1876; Ixodce Wagner, 1876; Aletastigmata CvniGSinni, 1892; 
(A'norhcBstca Marx, 1892; Arpagosioma Laliille, 1905. 

The term CvnorhcBsica is derived from Aristotle, who speaks of 
these arachnids as KveofyaurTijs (the dog-tormenfors), because ticks 
were well known in his day to attack Imnfihg-dogs. 

The Txodoidca are the ticks, which have become of importance in 
tropical medicine not merely because of their unpleasant bite, but 
because of the spread of disease by their agency — as, for example, 
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the tick W 

the to me Lost. The Arge- 

and reptiles, but aic n ■ • j j superfamily, are now 

wMIc the Other /anhJy, Ix(.dicl.x^ or true ticks, are very common 

in troj)ic;i I countries. 


Morphology. — A tick is divisible into a head, rostrum, or capitulum, and a 
body. TJic capitidum is the small anterior structure with the mouth parts, 
and is easily visible from above in the Ixodidae {vide Fig. 313). but must be 
viewed from below in the Argasidae (Fig. 321). It joins the rest of the body 
at the camerostome. The capitulum consists of the following parts: — 

1, Neck. — This is the junction of the rostrum with the rest of the body. 

2. Base. — This is the hard basal portion, and is usually quadrangular, but 
its outline varies. 

In females of the Ixodidae there are two porose areas on the upper surface 
[vide Fig. 3i i). Attached behind the base is the neck; in front, in the middle 

line, is the haustellum, composed of the 
hypostome and the mandibles and their 
sheaths, on each side of which lie the 
palpi. 

3. The hypostome is an elongated 
structure composed of two symmetrical 
halves, with numerous minute teeth, 
called denticles, on its ventral surface. 

4. The chehcerae, or mandibles, are 
two in number-one on each side of the 
median line, lying dorsal to the hypo- 
stome. The posterior portion enclosed 
in the body is swollen for the attachment 
of muscles, while the anterior is flat and 
narrow, and terminated by a hook-like 
digit, which has two or three processes 
— the apophyses — an internal, an ex- 
ternal, and a middle, with hook-like 
teeth. 

5. The mandibular sheath lies dorsal 
to the mandibles. 

6. The palpi are composed of four 
segments or articles — basal, antepen- 
ultimate penultimate, and apical. They are of importance in classification 
into genera, as they possess hairs, bristles, edges, angles, and spines, varying 
in dilfcrent species. There is sometimes a group of long hairs on the internal 
aspect of the palpi, which are probably sensory. 

The body varies greatly in form, colour, outline, and structure. It is 
divided into: — (i) I)orsal surface; (2) ventral surface; (3) to (5) anterior, 
posterior, and lateral margins. 



Fig. ^10.— Margaropiis anniilatns 
VAR. australis Say: Dorsal Viicw 
OF THE Male. 


I. Dorsal Surface . — On the dorsal surface may be noted (Figs. 313 and 318) : — 

(a) The scutum, found in the Ixodidce, and well marked in the adult 
male, but much smaller in the adult female. It is a hard, chitin- 
ons plate, with two longitudinal grooves (cervical grooves). 

{b) The eyes, only sometimes present on each lateral margin of the 
scutum in Ixodidae, or near the first coxa in Argasidae. 

(c) Ihe dorso-submedian porose plates are small, circular, or oval 

chitinous structures on each side of the median line, near the 
third and fourth legs. 

(d) The postero-marginal festoons, when present, are eleven areas 
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marked out by grooves lying along the posterior margin of the 
body between the stigmata. 

[e) The dorsal grooves are usually longitudinal, and not always distinct, 
they are due to muscular contractions. 

Pits, hairs, spines, etc., may be visible on the dorsal surface. 

2. Ventral Surface.— Tho ventral surface exhibits (Fig. 324): — 

{a) The genital pore, situated in the ventro-median line, between the 
coxae of the first three pairs of legs. 

[b] The anus, situate in the ventro-median line, behind the posterior 

pair of legs. It is surrounded by a valve, and in the male 01 
certain genera has laterally the clypea or anal valve?. 

(c) The ventral shields of chitin are small sclerites covering the surface 

in the male. 



Fig. 311. — Dorsal View of the Capitulum 
OF A Tick: Female [HcBmaphysalis punctata 
C. AND F.). 



Fig. 312. — Chelicera 
OF H. punctata : Male 

(G. AND F.). 


i, Cheliccrae; 2, hypostome; 3, palp; 4, porose area. 

(After Nuttall, Cooper, and Robinson, Journal of Parasitology .) 


[d) The stigmata lie one on each side of the body, between the 3rd 
and 4th pairs of legs in the Argasidae, and behind the fourth 
in the Ixodidaj. 

(r) There are often to be seen a pair of genital furrows and an anal 
furrow. 

(/) Pits, pores, hairs, and punctations are to be found as on the dorsal 
surface. 

3. Anterior Margin. — This varies as compared with the posterior, being 
sometimes straighter, sometimes emarginate, and receiving at the camero- 
some the rostrum. 

4. Posterior Margin. — This is generally rounded, and often marked by the 
festoons already mentioned on the dorsal surface. 

5. Lateral Margins. — They vary as to their straightness or degree of cur- 
vature. 



696 


ARTHROPODA 


The legs are segmented into the following articles; coxa, trochanter, femur, 

patella, tibia, and tarsus. , , a j u i-u • a. 

Internal Anatomy— The internal anatomy has been studied by Christo- 
phers in Offiithodoros savignyi, and most elaborately by xjonnet in eight 

Ixodidae and three Argasidse, males and females. . , 

The tegument consists of chitinous layers, under which lies the epidermis. 
On the surface are the openings of numerous glands. A large cephalic gland 
is present in sonic species, opening dorsally at the junction of the rostrum 
with the body. 

The mouth, which is lined with chitin, is situated anteriorly between the 
mandibular sheath dorsally and the hypostome vcntrally. In this position 
it is merely a horizontal slit, with open sides, but farther back these are closed 
by the junction of the hypostome with the mandibular sheaths. The cavity 



exlonds backwards some little distance, and ends blindly. Into its postero- 
lateral angles open the ducts of the salivary glands, two large racemose glands 
lying over the bases of the first pair of legs. The acini are globular, and their 
walls consist of large cells, as a rule laden with refractile granules staining 
deeply, or with indistinct granules staining less deeply. 

In addition to the ordinary acini, there are groups of four or five cells, 
forming pear-shaped masses, which have a peculiar affinity for acid stains like 
cosin. These elements are really unicellular glands, which open into the 
principal salivary ducts, not into the small ductules. These glands, which are 
numerous in the Argasida?, are probably poison glands. 

On the floor of the mouth is a V-shaped opening, apex pointing forwards, 
which leads into the pharynx. This is a fusiform organ, narrow in front, 
where it turns upwards to open into the mouth, while behind it ends in the 
cesophagus. Its walls consist of chitinous plates arranged ventrally and 
laterally, so that the lumen is triradiate on transverse section. At the angles 
the chitinous plates are united together by double folds, allowing expansion 
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and contraction, and brouglit about by the contraction and relaxation of 
muscles taking origin in the sclerites forming the endoskeleton of the head, 
and inserted into these plates. It ends posteriorly in a harrow oesophagus, 
which is without chitinous support, and therefore soft. This oesophagus 
runs backward, perforating a large ganglionic mass, and ends in the mid-gut. 
Its walls are composed of a layer of columnar cells internally and by muscular 
fibres externally . J ust before it joins the mid-gut its wall thickens and forms a 
fold, the homologue of the proventriculus, which projects into that passage. 

The oesophagus opens on the floor of the large central food reservoir or 
mid-gut, the main canal of which run^ forward a little distance in front of 
this opening, and backwards to the neiphbourhood of the rectum. 

The central canal gives off diverticula, which may be classed into an anterior 
set, consisting of a single diverticulum; a lateral set, consisting of an antero- 



lateral diverticulum, subdivided into three branches — a medio-lateral, into 
two or three, a poster o-lateral, which is single, and a posterior set, which is 
also single. 

The walls of the central tube and the diverticula consist of a single layer of 
large cells lying upon a thin basement membrane, external to which are large 
single muscular fibres arranged longitudinally and transversely in an open 
network. Digestion is assisted by irec cells mingling with the coagulated 
blood filling the diverticula. 

Posteriorly the central canal is connected with the rectum by means of a 
very fine canal, which appears to represent a fimctionless rudimentary intestine. 
This communication is not admitted by Bonnet. 

Into the rectum open also two long, fine, much-convoluted tubules — the 
Malpighian tubes, which are composed of a single layer of large cells placed 
on a basement membrane. In females they may contain spherical corpuscles, 
which, though present in males, are much smaller. Berlese and Bonnet 
consider that these bodies are composed of guanine. 

The rectum is a sacculated tube, with a wall composed of a single layer of 
flattened cells leading to the anus. Bonnet objects to the term ' anus,' 
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considering the tubu^s as renal rte rectum as a -Vph^igfcTSnt* 

FurtSrhTTta'ir hat h ^ is expelled during moulting. 

c^Sg'lt ofSr times in the rectum. m a sht-hko aperture, 

guarded hy two lateral senucncu ar^c^^^i ^ transparent tubule— the 

The male reproduct v g ^ deferens which, after coiling upon itself, 
testes — ending at either | white dand The ejaculatory duct ends 

enters a lobulatcd struciure-ihe^ wlute y^^ ^ 

in the chitmous penis T ^ ^ ^ . P ^ j the central alimentary sac. 

47*. . o,- 

'''■nl”! bmlhoXt ■.“» ol lute, lined by a ,piral thread ol 

Vt tributing vessels. The fat body is 

well marked. c , , 

There are a number of dermal 
glands, a coxal gland in the second 
coxal joints and opening on the first 
coxal joints by a minut^ pore, and 

Life-History. — While on thd 
host sucking blood, the male 
and female parasites copulate^ 
and the latter, growing to a 
large size, drops to the ground 
and lays a number of eggs. 
The egg consists of a shell with 
an inner membrane, enclosing 
food-yolk and embryo, which 
eventually hatches as a six- 
Fig. u5- — A Tick LAYING Eggs. legged larva, without sexual 
(After Samboii.) organs or stigmata. The 

digestive organs are, however, 
])resent, and the little larva, becoming parasitic on some animal, sucks 
its blood, drops off and moults, giving rise to the nyrnpha. Ihe 
nymplia lias eight legs and a pair of large stigmata, but is without 
reproductive ojicnings or organs. The nymph^e now become para- 
sitic, and feed, after whicli they drop off, moult, and become males 
or females with fully-developed generative organs. 

The adults now become parasitic and moult, and the young 
female, fixing itself to the host, grows considerably, but rarely 
changes her place; while the mah', remaining small, wanders about 
looking for the female. 

The life-history and the habits of the different divisions of the 
IxodidcB are so various that they will be described under their 
separates heads. One examples may, however, be mentioned here 
— viz., Margaropus decolor ahts - — whose life-history has been studied 
by Louiisbury. In this species the female, dropping off the host, 
completes oviposition in a time varying, according to the temperature 
of the air, from five days to four weeks, while the incubation of the 
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egg varies from three weeks to three months. The larvse, which arc 
capable of remaining on grass without food for months, must obtain 
access to cattle, on which they feed, and grow for three days, after 



Fig. 316. — The Larva of Ilcemaphysalisl 317.-— The Nymph of 

punctata C. and F. (X 40.) physalis punctata C. and F. 

After Nuttcill, Cooper, and Robinson, Journal of Parasitology .) 



Fig. 318. — Adult Female of Hcomaphysalis punctata C. and F. 
(After Nnttall, Cooper, and Robinson, Journal of Parasitology.) 


which they moult and form nymphs on the sixth day of their para- 
sitic existence — i.e., without leaving the host. The nymph sucks 
blood and grows till the eleventh day, and the adult is hatched on the 
thirteenth to sixteenth day without the nymph leaving the host. 

Pairing takes place on the seventeenth to twentieth day, and the 
fertilized gorged female drops off the host on the twenty-fourth to 
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thirty-first day. Tims, in this case the larva and nymph remain 
parasitk on the host, and do not drop off as described above. 

^Irasltic on Man.-fhe 

(2) A. persicus Oken; (3) Orni- 
thodoros savignyi Audouin; (4) 

0 . moubata Murray; (5) 0 , megnini 
Duges; (6) 0 . turicata Duges; (7) 

O. tholozani Laboulbene and Megnin; 
(8) Alcctorohius talaje Guerin-Mene- 
ville; (()) EurhipicephaJus sanguineus 
Latreille; (10) Mar gar opus annulaUis 
Say; (ii) Rhipiccnior hicorms Nut- 
tall and Warburton; (12) Dcrmacen- 
tor reticulatus Fabricius; {13) D. an- 
clersoni Stiles; (14) D. eleclus Koch; 
(15) D. modestus Banks; (16) Ixodes 
ricinus Linnaeus; (17) /. hexagonus 
Leach; (18) Amblyomma americanum 
Koch; (19) A. dissimile Koch; 
(20) Hyalomma cegyptium Linnieus. 

Pathogenicity. — Ticks arc spreaders 
of disease in man and animals, 
'riiey may be, classihed into spreaders of SpirochcBtidcB, spreaders 
of Babesia, and into spreaders of unknown germs. 



Fig. .319. — Fully REPLiixic Fe- 
male OF Hcsmaphysalis punc- 
tata C. AND F. 

(After Nuttall, Cooper, and 
Robinson, Journal of Parasiiol- 

ogy-) 

(a) Magnified; {b) natural size. 


1. Spreaders of Spirochaetidae. 

1. Ornithodoros moubata carries Spiroschaudhtnia duttoni Novy 
and Kna])]), 1906, and causes African tick fever or Dutton's 
relapsing fever in man. 

2. Argas persicus carriers Spiroschaudinnia marchouxi Nuttall, 

. . . . ^ . 

F M argaropus annul ains carries Spiroschaudinnia theileri 

La\'(Tan, i()o.|. 

2. Spreaders of Piroplasma. 

1. Earhi piccphalifs appendiculatus P. bigeminuni. 

2. E. simus P. higeminum. 

3. E. cverisi P. equi. 

4. E. sanguineus P. canis. 

5. E. bursa P. oris. 

(). M argaropus a.nnulalus- P. annulaium. 

7. Ilcemaphysalis Icaclri— ]\ canis. 


3. Spreaders of Unknown Germs. 

I. Argas persicus causes a. disease in Persia. 2. Dcrmacentor 
venustus (see D. andersoni) catises Kocky Mountain fever. 

Experimentally, the nymphs of D. marginalus and Amblyomma 
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americanus and the nymphs and adults of D. variabilis can transmit 
the virus of Rocky Mountain fever. 

Enemies, The enemies of ticks are numerous, and among them may be 
mentioned fowls and blackbirds. 

Prophylaxis. The prevention of ticks in cattle is a difficult proceeding. 
The following are some of the methods in use (from Balfour and Archibald) 

Cattle Washes and Dips . — Arsenic used to be employed (Cooper's Dip 
Powder), but was found to be dangerous. A useful oil is crude petroleum, 
2 gallons; hard soap, ^ pound; and water, ^ gallon. The soap is dissolved 
in the hot water and the petroleum gradually added, luve days’ spraying is 
advocated in place of the usual fortnight ly dip. 

Rotation of C>o/)s.— -This is said to be useful in the United States. 

Burning of Pastures . — Not a good plan. 

Immunization . — Immunization by inoculation against babesia, etc. It is 
not very useful. 

Quarantine . — Quarantine of cattle and control over their movements is 
important. 

There are, however, a good manv practical points to be attended to in 
spraying or dipping cattle. Reference may be made to Cooper’s paper in the 
Journal of Agricultural Science, vol. iii., or to Newstead’s Iteport of Twenty- 
first Expedition of the Liverpool School of Tropical Medicine. 

Glassification. — The Txodoidea are divided into two families: — 

Family i: Argasid.e Caiiestrini, 1890.- Txodoidea without a 
scutum; mouth parts of adult not ])rominent from above; no pul- 
villus attached to tarsus in adults. 

1 'amily 2: IxoDiDAi Murray, 1877. — Ixodoidc^a with a scutum ; 
mouth parts prominent from altove; pulvillus present, attached 
to the tarsus in adults. 

Remarks. -Neumann’s classification is very diftereni from the one used in this 
l)ook. He recognizes ixodidm ( --- ixodoidea) divided into Ixodinae ( ■ Argasida* 
and Ixodidm) and Spelasorhynchina:*, these last being parasites on bats. Other 
classiheations are those by Lahille and by Hanks. 


Famii.y i: Akcasidm. 

These arachnids are more Iik(‘ bugs tlian ticks in their habits. 
During the day they arc' conc(‘aled in cracks in walls or floors, or in 
gravel, but at night they come out and run about. Christophers 
says tliat if handled they sham death, and that when running about 
they have a curious habit of raising the first pair of legs as though 
to receive information about their surroundings. They can live 
for a long time (three to four years) without food. They generally 
h'cd after dark, being gorged in about fifteen minutes. 

Donovan states that while feeding fluid is secreted by the coxal 
glands, and lies between the parasite and the skin of the host. 
I'liis fluid is alkaline, and prevents coagulation of blood. After 
feeding, the tick drops to the ground, and, being wet with secretion, 
becomes covered with dust and dirt. At first they are much swollen, 
but ill a few days this diminishes, though they may remain dis- 
tended for weeks. Soon after feeding, the tick moults, and then 
becomes active again, and is ready for another feed. 

The Argasida; pair at various times, one female being fertilized 
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bv several males. The female now becomes quiescent, and passes 
out its ova, a process requiring a week or more to be completed 
During this process the head is forcibly flexed on the body, so that 
the palpi lie on each side of the body, while above the head is the 
prolapsed duct of the cephalic gland, forming a protuberant mass. 
Xhe ova are not as numerous as those of the cattle ticks, and are 
generally laid in a loosely adherent mass. 

The six-legged larva hatches in less than a week. In Ornitho- 
doros it appears to be quiescent, making no attempt to obtain food, 
and in 0. mouhata does not leave the egg. In three or four days 
it moults, and becomes the eight-legged nymph, which is an active 
little creature, feeding readily. In Argas the larva is more vigorous, 
and feeds. It appears as though there were great differences in the 
life-history of the different species of the Argasidai. 



The adult Argasidre appear to moult many times as they grow 
larger. They are preyed upon by insects. 

^ Genera.-— The Argasidae are divided into four genera: — Argas, 
(.avis, Ornithodoyos, Aleciorohius. 

The diagnosis of these genera is as follows : — 

1. Eyes absent, body usually flat, with thin borders, without 
deep ventral grooves: [a) No groove behind anus — Argas ; [h) trans- 
verse groove behind anus — Cans. 

2. Eyes present or absent; body more or less distended, with 
deep ventral grooves: [a) Without a fold of skin (sclerite) on each 
side of palpi — Ornithodoros ; [h) with such a io\d—Alectorohius, 
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There is, however, some doubt as to whether Cans is really 
entitled to be a separate genus. 

Argas Latreillc, 1796. 

Synonyms. — Nec Argas Seoul, 1835; Carois Latreillc, 1796; 
Rhynchoporion Hermann, 1804; Caris Latreillc, 1806. 

Definition.— Argasidae with oval or flattened bodies, in which the 
rostrum is at least its own length from the anterior margin, which 
is less bluntly rounded than the posterior margin. No fold present 
around the l3ase of the rostrum ventrally. Tegument roughened 
by wrinkles and folds, and marked by circular pits. Without eyes. 

Type. — Argas reflexus Fabricius, 1794. 

The number of species known is steadily increasing. Tlie more 
important can be defined by the following tal)le, modified from 
Neumann: — 

A. Posterior margin with rectangular festoons- persicus. 

B. Posterior margin with narrow festoons: — 

I. Tegument v/ith fine folds, body long, swollen — A. her- 
manni. 

If. Tegument witli large folds, body flat: — 

(a) Body narrower in front : — 

(1) Anterior extremity flat and rounded — A. re- 

flextis. 

(2) Anterior extremity pointed : — 

{a) With deep camerostomc and dorsal 
hexagonal markings — A . hrumpti. 

{b) Without these — A . cequalis. 

(/i) Body almost as large in front as behind: — 

(1) Body short, a little longer than broad — 

A. transgariepinus. 

(2) Body twice as long as broad — A . cucumerinus. 

Argas reflexus Fabricius, 1794. 

Synonyms. — Acarus reflexus Fabricius, 1794; A. marginatus 
Fabricius, 1794; Rhynchoporion columbcB Hermann, 1804. 

Argas with yellowish body; male 4 by 3 millimetres, female 
6 to 8 by 4 millimetres. Its distribution is mainly in Europe and 
America, where it lives in dovecots; but it can and does attack man, 
producing the symptoms already described. 

Argas persicus Oken, 1818. 

Synonyms. — Rhynchoporion persicum Oken, 1818; Argas persicus 
Fischer de Waldheim, 1820; A. mauriiianus Guerin-Meneville; A. 
miniatus Koch, 1844; A. americanus Packard, 1872; A. sanchezi 
Duges, 1891; A. chinche Gondet. 

Argas with oval, brownish-red body. Male, 4 5 t)y 3 rnilli- 

metres; female, 7 to 10 by 5 to 6 millimetres. Dorsal and ventral 
surfaces with pits in rows, and irregularly placed. 



ARTHROPOD A 


704 

This Argas is widely distributed, being found in Asia, where, 
under the term ' garib-guez ' {punaise de Miana)y it has long had 
an evil reputation for causing sickness. It is also known in Quetta. 
In South Africa it occurs as a parasite of fowls and ducks, and is 
also known in the Sudan, Egypt, Turkestan, and Pekin. Under 
the name of A . miniatus it was described in the form of the chicken 
tick of the United States and the adobe tick of Mexico and Arizona. 
According to Balfour, it spreads the SpirochcBta marchouxi in 
Sudanese fowls. Nuttall and Strickland have demonstrated the 
presence of an anticoagulin in the salivary glands ai]d intestine of 
the tick. 

Argas brumpti Neumann, 1907. 

This lick was discovered by Brumpt in Somaliland. The dorsum 
is marked by symmetrical hexagonal depressed areas. Female, 
20 by 13 millimetres. Nuttall says that, according to Brumpt, 
the bite is very painful, and causes pruritus lasting several days, 
and tlie site may remain indurated after seven years. 

Argas cucumerinus Neumann, 1901. 

Only the male of this tick is known. It has an oval elongated 
body, brownish-red in colour, 10 by 5 millimetres. It is found in 
Lima in Peru. Possibly this is merely a variety of A, reflexus, 

Argas hermanni Audouin, 1827. 

Argas with ^ ery fine skin-folds and small rostrum. It is found 
in Abyssinia and Egypt. Possibly this also is only a variety of 
A . reflexus. 

Argas sequalis Neumann, 1908. 

Synonym. — Oniilhodoros cequalis Neumann, 1901. 

Nuttall places this species with tlui Argasida*. It was found in 
German East Africa by Fulleborn. In size it is 5 by 2*5 milli- 
metres, witli folded finely granulated integument. 


Argas transgariepinus White, 1846. 

Sy nony m . — A rgas koc/i i N eumann , 1 90 1 . 

Argas with veny compressed body, not much longer than broad 
— 7‘5 ky f) milhmetr<‘s. Margin with irregular folds. Found in 
South Africa. 

Caris Latreille, 1804. 

Argasida with almost circular body, a little larger in front than 
behind, with a conspicuous transverse groove behind the anus. 

Carls vespertilionis Latreille, 179G. 

Synonyms.— Canos vespertilionis Latreille, 1796; Argas pulchella 
George, 1876. 

Parasitic on bats. 
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Ornithodoros Koch, 1844. 

ArgasidcO with or without eyes. Rostrum surrounded ventrally 
by a camerostome. Tips of the palpi visible from above. Lateral 
borders of the body straight, sometimes coiica^^e. Integument 
mammillated, willi hemispherical elevations. Two longitudinal 
coxal folds, a pair of supracoxal folds, oiu' Iransvanese pre anal and 
one post-anal groove, and oiu* longitudinal anal groo\'e running Ironi 
the anus to the post -anal groove. 

Type. -OrniiJiodoros savii^nyi An ioiuii, 1827. 

Eleven species aia^ recoiahal : (1) Ornithodoyos savi^nyi Audouiji, 
1827; (2) (). monbaia MuiTay, 1877; (3) O. tuyicatiis Duges, 1876; 
(4) 0 . me^nini Dagbs, 1883; (5) 0 . hhorensis Ncaimann, 1908; (6) 0 . 
Iholozani Laboulbene and Megnin, ‘1882 ; (7) (T parirncnios'ifs Neu- 
meinn, 1901; (8) O. furcosus Neumann, 1908; (p) 0 . crraticus Lucas, 
1849; (^‘0 coriaceus Koch, 1844; (ii) O. cam^^strinii 1895. 

Diagnostic Table. 

A. Eyes present: — 

Three knobs on the last segment of the fourth leg : — 

(t7.) Tegument with iK'inisphtTical protuberances:— 

(1) Eyes of equal size (Africa and India)- -D. saviynyi. 

(2) Anterior eyes larger (America) — 0 . coriaceus. 

(b) Tegument with flattened protubc^rances (Africa) — 
0 , pavimcnfosiis. 

B. Eyes absent : — 

I. Subrect angular body nearly square (Mexi-co) — 0 . iuricalus. 

II. Body more or less constricted behind the lourth pair of 

legs:— _ 

[a) With broad anterior end (Mexico)- — 0 . mcgmni. 

{b) With narrow anterior end (Lahore) — 0 . lahorensis. 

III. Ovoid body, with broader posterior ('.nd: — 

{a) Anterior end broad and rounded (Central Alrica) — 
0 . monbaia. 

{})) Anterior (aid tapering: — 

(1) Tarsi forked distally (Ecuador) — 0 . furcosus. 

(2) Tarsi slightly knobbed (Algeria) — 0 . erraticus. 

(3) Tarsi second to fourth markedly knobbed 

(Persia) — 0 . tholozani. 

(4) Tarsi first with three dorsal knobs, second to 

fourth with one knol) (Pc'isia) — 0 . cane- 
si r mi i. 

Ornithodoros savignyi Audouin, 1827. 

Synonyms. — Argas savignyi Audouin, 1827; Orniihodoros inorhil- 
losus Gcrstacker, 1873; Argas schinzii Berlcse, 1889. • i • 

This is the type species of the genus, and has been studied 111 
detail by Neumann and Christophers. 
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It is common in Africa, India, and Aden, and pcrliaps else- 
where. 

yiox^\i(Aogy , ~Oyniihodoros, with two pairs of eyes appearing as 
circular, smooth, convex elevations, situated on the supracoxal fold 
above the bases of tlu‘ (irst pair of legs, and between those of the 
second and third pairs. Body oval, constricted slightly between the 
third and fourth pairs of legs, yellow in colour when young, and 
blackish-brown when old. Integument covered with irregular hemi- 
spherical prominences pointed at their summits, between which are 
narrow depressions with hairs. Capituluin embedded in an infundi- 
buhforni camerostome, from which it is separated by a deep groove, 
in the dorsal portion of which can be seen the opening of the cephalic 
gland. Mandibles with a simple claw-like internal apophysis, and 
without middle apophysis. Teeth of the liypostome arranged in 
three longitudinal parallel rows. Two .spines at the base of the 
hyposome, which is large. 

Dorsum of the body marked by two transverse furrows, one just 
in front of the posterior border, and the other situate farther 
forward, marking off a median elevation with a central depression, 
and seven similar depressions, each of which becomes a deep sulcus 
posteriorly. 

The ventral surface shows a well-marked pre-anal furrow, which 
laterally meets tlie supracexal sulcus, which runs round the anterior 
aspect of the body as a well-marked groove, defining the supra- 
coxal fold, on wTich the eyes are situate. Beliind the anus are 
three symmetrical longitudinal grooves, while a short V-shaped 
depression abuts on the anus. The genital papilla is well marked, 
and surrounds the wide transverse opening. 

The fourth pair of legs is one and a half times as long as the lirst. 
The cox^e are contiguous, and diminish in size from the first to 
the fourth, and tin* hrst has the opening of the coxal gland. 
Christophers has observed that the tluid from this gland is alkaline 
and prevents coagulation of the blood. The stigmata are placed 
behind and above the supracoxal folds. The hfth joints of the 
jirst three pairs of legs with three teeth, the two proximal quad- 
rangular, and the distal conical. 

This tick is very haidy, and is said to be able to live for many 
months without food or moisture. It attacks human beings, and 
is found in Africa and India. 

Pathogenicity.- Not known. 

Ornithodoros moubata Murray, 1877. 

Synonyms. — Argas moubata Murray, 1877 ; Ixodes moubata Cobbold, 
1882; Ornithodoros savignyi var. cceca Neumann, 1901. 

0. moubata is of importance as the spreader of Spiroschaudinnia 
duttoni, the cause of Dutton’s relapsing fever, or African tick fever. 
The tick is distributed widely in Africa, where it is called bibo in 
Uganda, moubata in Angola, and tampan in Zambesi. Christy has 
described a similar tick in Brazil. 
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Morphology. Orniihodoros without eyes, body oval, a little wider behind 
than in front, with a slight constriction between the third and fourth legs; 
colour varies with age from yellow-brown to dusky brown. Integument 
covered with irregular hemispherical prominences. Capituluin embedded in 
an infundibuliform camerostome. Mandible with external apophyses, with 
two widely separated teeth, and an internal apophysis, which is bidentate. 
Hypostome not much A\ider at the base than at the anterior third. Dorsum 
of the body marked by two short transverse grooves posteriorly and three 
pairs of pits, from each of which a sulcus runs backwards and inwards. 

The ventral surface shows a well-marked pre-anal sulcus, which joins the 
supracoxal groove, as in S. savignyi , oehind the anus arc three pairs of 
longitudinal grooves. The stigmata are ^emilunar, situate above the supra- 
coxal groove. The last segment of the fourth pair of legs is stout and com- 
pressed, with three knobs, the distance between the first and second being 
equal to that between the second and third. 

Tibiae and tarsi of the first three pairs of legs, with three tcclh — proximal, 
submedian, and distal, fhc last being conical. 



Fig. 322. — Omithodoros moitbata Fig. 323. — Ovnithodoros moubata 

Murray ; Female, Dorsal A.s- Murray : Female, Ventral 

PECT. (X 4.) Aspect. (X 4 -) 


Life-History.' — The female lays a variable number of eggs, from 
70 to 139, which adhere together, and are golden-brown in colour; 
881 by 776 fji. Inside these eggs the larvae develop and moult, 
becoming nymphae, which hatch about the twentieth day at a 
temperature of 20° to 30° C. and a humidity of 71 to 77 per cent. 
After three or four days these nymphae suck blood. At first the 
position of the stigma is marked by only a small white spot and 
pit, but after the iirst moult this becomes clear. The genital pore 
is always absent until after the second moult. 

The adult tick moults after each feed of blood, and may live 
about a year. They are night feeders, and rather resemble bugs 
in their habits. Lcishman observed that the fluid secreted by the 
coxal glands prevents coagulation of the blood. 

Pathogenicity. — It is the spreader of Spiroschaudinnia duttom, 
and according to Wellman andFeldmann possibly of Acanihocheilo- 
nema Persians. 
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Ornithodorc s turicatus Dugt s, 1876. 

Synonyms. — timcafa Dngcs, 187O; Ormihodofos ameyicanus 

Marx, 1895. , . , . 

Ornithodoros witlioiil eyes; anl(Tie>r]y the body is much narrowed. 
Tibia' and tarsi with three sinnll tiib(‘rc](‘S. 

Habitat. — Mexic o and ( enlral America. Attacks men and 
fowls. 

Ornithodoros megnini Duges, i8<s >. 

Synonyms.- Argas megmin Diigos, 1883; A. anicrnamim l^ackard, 
189;; Rhynchoporion spivos'irni Marx, T895. 

Ornithodoros with phial-shaped l)ody; ntteiuiated anteriorly. 
I^'emales 5 to 6 millimetres by to 4 millimetres. Mak'S somewhat 
smaller. 

This is tlu' ear tick of Amc'rican ( attle, and has been found in 
the ear of man. 


Ornithodoros lahorensis Neumann, 1908. 

Orniihodoros without eyes. Male 8 by 4-5 millimetres. Female 
TO by 3*0 millimetres. Found at l.ahore, India. Parasitic on sheep. 

Ornithodoros tholozani I.aboulbeiu' and Megnin, 1882. 

Synonyms.- I . tholozani Laboulbene and Megnin, 1882; A, papH- 
lipes J Urula, 1845. 

Orniihodoros without c'yc'S. Males 4 to 6 millimetres in length 
and 2 to 4 millimetres in breadth. Females 8 to to millimetres by 
4 to 5 millimetres. 

It is s])C‘cially a parasite' of vSheep in ('aucasia and l^crsia, but is 
very dangerous to man. 

Ornithodoros pavimentosus Neumann, 1901. 

Ornithodoros with eyc's. Body covered with flat warts forming 
a pavement. South Africa. Onl}’ female known. 12 hy 8 milli- 
metres. 

Ornithodoros furcosus Neumann, 190S. 

Found in Ecuador. Female 10 by 5 millimetres. 

Ornithodoros erraticus Lucas, 1849. 

Synonyms.- .lrgc^^ erraticus Lucas, 1849; 0 . mitiaris Karsch, 1880. 

Found in Algeria and Bengal. Length, 5 millimetres; breadth, 
3 millimetres. 

Ornithodoros coriaceus Koch, 1844. 

Ornithodoros with eyes. Only one knob on the hind tarsus. 
America. Male 6-4 to 8-6 by 3*4 to 4*6 millimetres; female 9-5 to 
by 5*3 to 8-2 millimetres* 
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Ornithodoros canestrinii Birula, 1895. 

Synonym. — Ar^as canestrinii Birula, 1895. 

Found in Persia. Male to by 5 millimetres; female 14 by 8 
millimetres. 

Aleetorobius Po( oek. 1907. 

Argasi(be with folds of integument capable of being folded under 
the palpi. This genus is not recognized by Nutthll, as he considers 
it a synonym of Ornithodoros. 

Type. — A . talajc Guerin-Meneville, 1849. 

Aleciorobius taiaje Guerin-Meneville, 1840. 

Synonyms. - 0 . taiaje Guerin and Men(‘ville, 1840; 0 . ritdis Karsch. 
t88o; Alectorohins talije Pocock. 1007. 

This is the chinch of South America and Mexico, where it is a 
great pest. A. cuiiceps of South Europe and A. caj>ensis of South 
Africa are varieties of this species. 

IcVMiLY 2: Txodio.t: Murray, 1877. 

Synonyms, —/vet/cj/ Dugrs, 1834; Ixodiden Koch, 1844; Ixodidcs 
Gervais and van Bcneden, 1859; Ixodini Canestrini and P'anzago, 
1877; Trouessart, 1892; Anistomala Marx. 1892. 

Ixodoidea with a dorsal scutum and a terminal capitulum. The 
digit of the mandible has two apophyses, and the palpi are free. 

Most of the ticks belong to this family, which has the following 
features : — 

Morphology,— There is a dorsal scutum and a terminal capitulum. 
The mandible has a digit with tw’o apophyses, of which the internal 
is short with one to four t(‘eth, and the external long, with two 
to live teeth. The palpi are free. The second pair of legs is the 
shortest, and the fourth pair the longest. The tarsus has a pul- 
villum. The stigmata an', situate posterior to the coxa of the fourth 
h'g. The male is smaller and fatter than the female. The scutum 
('overs tlie whole dorsum except a marginal region, the posterior 
portion of which, between the two stigmata, is generally divided 
into eleven festoons, diie female has but a small scutum, situated 
anteriorly, and the cay:)itu]um has two symmc'trical porose areas on 
its basal piece. 

Type Genus. — Ixodes Latreille, 179b. 

Life-History of the Ixodidae.-— When the pregnant female tick 
drops off the host, it at first appears to seek for a suitable place to 
lay its eggs. When this is found, it becomes quiescent, and the 
anterior part of the ventral surface between the first pair of legs 
becomes depressed, and forms a hollow, in which the head and 
genital orifice are situated. When an ovum passes out of the orifice, 
the tick moves slightly backwards. This oviposition takes about 
fifteen to twenty days. While it is proceeding the tick begins to 
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areas, due to the distension of the 
At the end of oviposition the 


shrive] and to sJiow 3^elIow are^is due to me distension 
Malpighian tubes v'ith guanine 
tick dies. 

From the egg comes a six-legged larva, which generally climbs 
into some grass or bushes and waits to get on to a host. While 
so doing it may remain for months without food. 

It now sucks blood, and drops off this firs host and moults on 
the ground, becoming an eight-legged nvmph, like an adult, but 
without generative apparatus, which again has to^ go in search oi 
a second host and obtain a feed of blood, when it drops oft and 
undergoes a second moult, turning this time into the sexually 
mature adult, which goes in search of a third host. Before feeding, 
the adult h^male is small, flat, and thin. When she arrives on the 
third host she drives her rostrum perpendicularly into the skin 
as far as its base, a hole being made by the mandibles. 

The palpi do not enter the hole in the skin, but lie on each side. 

The recurv^ed hooks on the hypostome keep the tick in position, 
and can only with dithciilty be detached. The tick now sucks the 
blood, and at the same time becomes fertilized and increases enor- 
mously in size by the addition of blood and the development of the 
eggs. She then drops off this third host and proceeds to lay her 

The male do(‘S not gorge and does not increase so much in size, 
but sucks blood, which it requires for its fertilizing work. 

The IxodiiUr are divided into two subfamilies:- 


SnuKAMir^’ I : RniPirEPUMJNiii Salmon and Stiles, 1901. 

Synonyms. - Rliipisto?nidea Koch, 1H44: Conipalpi Canestrini, 
i8(.)o; l\lirpn:cpliaicB 1897; RhipistomidcelA^j:^, 1896. 

IxodidcB ill wliieJ] the })alpi are no longer than broad. Anterior 
portion of llie laxly (marginate. 

Type Genus. — RurJiipiccpIialns Nenmann, i()o^. 

Genera.- - piccphalns Mar^arop^is, Hcemapliysalis, Derma' 
cenior, Rliipiccnior, 


Si'BFAMiLV 2; IxoiUNTE Salmon and Stiles, 1901. 

Synonyms.- Koch, 1844; CuJiripalpi Canestrini, 1890; 
IxodidcB M'dxx, iSc)2; lIcemaiudoridcB Marx, 1892; EschaiocephaJidee 
Marx, i8()2: Ixodce Neumann, 1899. 

IxoduicB with ])al])i longer than broad; rostrum long. Anterior 
])ortion of the body straight or emarginale. 

Type Genus.- Ixodes. 

Genera. Ixod cs, EschafocepJiahts, Ceraiixodes, A ponomma, 

A mhlyonwia, Hyalomma. 
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Diagnostic Table of Genera, from Salmon and Stiles. 
RniPICEPHALINiE . 

A. Eyes present: — 

I. Dorsal surface of capitulum hexagonal, sides drawn out 
laterally into sharp points. 

{a) Males with anal plates. 

1. Second and third palpal segments straight; 

stigmata comma-shaped — Eurhipicephalus. 

2. Second and third palpal segments drawn out 

laterally into sharp points; stigmata round 
— Mar gar opus. 

[h) Males with rudimentary anal plates — Rhipicenfor. 
IT. Dorsal surface of capitulum rectangular, sides straight ; 
male without anal p\n.ie— J)crmaccntor. 

B. Eyes absent — HcBmaphysalis. 

Nuttall and Warburton’s new classification of the Txodidae is as follows: — 
Prosiriata. — Ixodidae with anal grooves surrounding the anus in front — 
Ixodes. 

Metastriata. — Ixodidae with anal groove contouring the anus behind, but 
this groove may be faint or obsolete. 

Brevirostrata . — 

Group I. : Inornate without eyes, but with festoons — llcsmaphy sails. 
Group IT. : Ornate or inornate with eyes, and with or without festoons 

Anal grooves marked. 

Ornate with festoons. 

Basis capituli rectangular dorsally — Devmacentor. 

Basis capituli hexagonal dorsally — Rhipicenfor. 

Usually inornate with festoons. 

Basis capituli usually hexagonal dorsally — Rhipicephalus. 
Anal grooves obsolete. 

With short palpes — Mar gar opus. 

With very short compressed palpes ridged dorsally and 
laterally — B oophilus. 

L ongiros trata . — 

Group I.: Ornate or inornate, with eyes and with or without festoons 
basis capituli subtriangular dorsally. Male with a pair of 
adanal shields — Hyalomma. 

Group II.: Generally ornate, with eyes and with festoons, basis capituli 
variable. Without adanal shields — Amhlyomma, 

Subgenus Aponomma chiefly found on reptiles with poorly- 
developed or no eyes. 

It will be observed that the genera Eschatocephalus and Ceratixodes are 
rejected and referred to the genus Ixodes. Another genus, Neumanniella 
Lahille, 1905, is also rejected, and it is referred to Aponomma. 


Subfamily Rhipicephalin^. 

Eurhipicephalus Neumann, 1904. 

Synonyms. — Rhipicephalus Koch, 1844 ; Phauloixodes Berlese, 
1889. 5 ^ 

Rhipicephaliiue with distinct eyes; base of the capitulum broader 
than long; hexagonal, or dorsal surface forming a projecting angle 
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at each side. Palpi sliort and broad. First co.xa with two large 
teeth. Male witli one or two pairs of an;d sl'it'hP 

Type Speciej.- EitrJnpuephahis sanguineus Latreille, 1004. 


Eurhipicephalus appendiculatus Neumann, 1901. 

Thi. is the fa-own tick of SoutJi Africa, wliereit spreinisTheileria 
harva 'among cattle and buffaloes, causing ' coast fever 
Morphology. Malf\ scntiim does not quite cover cJie dorsum; 
f('st<)f)iis narrow; the median is prolonged into a caudal process. 
In front of the festoons, tliree wide longitudinal grooves. vSize, 
4 ])y 2*() millimetres. Female, dorsal plate oval; porose area 
small. 

Life-History. — The eggs are laid in tliousands on the grass, and 
hatch in about twenty-eight days into six-legged lar\ac, W'hicli pass 
from tlie grass on to cattle, suck blood, and drop off replete in about 
three to four days. 

They now remain dormant for about twenty-one days, and finally 
moult, giving rise to tJie eigfit-lcgged nym])h. 

'Die nym])h procet'ds to attack cattle and suck blood, taking the 
sam(‘ lengtli of tiiiK* as the larAxi. It iluai drops off replete, and 
in about ('ightf'eii days moults and becomes an adult male or femaU' 
tick, wdiich again inii'sts cattle, d'he ffcinak' sellh's down quickly, 
and is joined by tlu' male. In about four days the fcTiiale, which 
has Ix'come fertili/aal and full of blood, drops off, and conqdc'tes the 
lif(‘-ey<de by laying tlu' eggs, after which she dies. 

W'hat Ix'conu's of tlie male is not known. 

Pathogenicity. -It s])reads Thcilcria parva, the cause of coast 
fever in cattle, by the bites of the infected nymphs only — i.e., 
infeeU'd larva' and aduUsdo not spread the diseases, but the larva 
can hand 1 ]\c infect ion over to thc' nyinj)lj, which is the sj)reader. 


Eurhipicephalus bursa ranestrini and Fanzago, i(S78. 

Synonym. Rhi picepha] us hilenus Favesi, iHiSq. 

This s])('ci('s is wich'SjAi'c'ad through Southern hairope, and is also 
known in Alrica, West Indies, and Malaga, as a slu-ep, horse, cattle, 
and dog 1 ick. 

Morphology. Male, se.utum half as long as wide; narrow anteri- 
orly, with many ]ninctatious. Eleven festoons. Size 4*5 by 3 milli- 
im^tres. 

bemale, wlu'ii m'wly hatelu'd, Hat: when distended with blood, 
o\'()id. Seiitnin oval; eyes about the middle of the length. Tegu- 
immt with numerous punctations dorsally when young. 

Life-History. — The female lays the eggs on grass, and these develop 
into lar\Ne, which attack a sheep, and moult on it in about eight 
days, forming nymphae, which grow for twenty-one days, fall 
off on to the ground, moult, and become adults, which again 
infest sheep. 
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Pathogenicity. It spreads Piroplasma ovis, which causes ‘heart- 
water in sheep, the infection being carried from an adult female 
through the eggs to the adult ticks of the next generation, which 
alone are capable of transmitting the disease. 



I'Kis. e-21"326. F.iivJii piccphaJiis ()ulclirlliis Gkrsta.cki-:!'’., 1S73; 
Ventral Aspect. 


a, Male (X mouth parts (more highly magiiitiod) ; c, lenialo (X 10). 


Eurhipicephalus simus Kocli, 1844. 

Synonyms. — Rhipicephalus scncgalcnsis Koch, 1844; Rli. pmten- 
tatus Ger St acker, i8()3. 

This tick is found in various parts of Africa, — viz., Egypt, late 
German East Africa, and the Cape. It has several varieties — c.g., 
E. simus criangen', E. simus Iiilgcrti, E. simus shipleyi. In South 
Africa it is called the. black-pitted tick, because of its ])unciations, 
arid causes ‘coast fever ’ by spreading Thcileria parva. Male oval, 
rounded posteriorly; 4 by 2-2 millimetres. Scutum brown-red. 
Female oval, () by 3 milliimhre.s. 

Eurhipicephalus sanguineus Latreille, 1804. 

Synonyms. — Ixodes sanguineus Latreille, 1804 ; 1 . rufns Koch, 1844. 

Synonym of 'Symph,- -Phanloixodes rnjus Berlesc, 1889. 

This is the common dog tick, by ^^hich Pirop/asma canis is spread, 
which it acquires as an adult, and transmits in the succeeding 
nymphal ancl adult stages. Tt also spreads H cBmogvegarina canis. 
It is practically cosmopolitan. 

The female has an elliptical body, wider in front than behind: 
ir by 7 millimetres, reddish-brown in colour. Scutum very small; 
integument nearly or completely without hairs. The mandibles 
have an internal apophysis with three teeth, arranged one internally 
and two externally; and an external apophysis with three teeth, 
arranged in series. 
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The ma\e is 3-35 ^ ^'55 
dorsal surface, excepi n.i i 


millimetres, n scutum covering the 
Jie sides and back. External apophysis 


with only two teeth. 


Eurhipicephalus evertsi Neumann, 1897* 

This is the ^ed-Jeg tick, whicJi spreads Nui^a/l/ a cqm, and is found 
ill Europe, AEica, and Asia. The life-history resembles Eurhipi-^ 
cephalm appendiculaim in the changes of host by larva and nymph. 
'Hie infection is acquired in the nymplial stage, and transmitted 
by tb(‘ adulL Size; male, 5 to 6 by 3 to 4 millimetres; female, 
1. 1 hv () in ill ini (^t res. 

Margaropus Karcli, 1879. 

Synonyms. -Bo dp hih'ts Curtice, 1891; Rhipicephalus Neumann, 
i«97- 

RhipicephalincB with eyes, though often indistinct; base and 
capitulum broader than long. Palpi sliort and broad; second 
and third segment thicker in the middle, and forming a sharp angle 
externally. Posterior margin of the first coxa slightly bidentate; 
stigmal plate round. Body without marginal festoons; anal 
groove absent . Male with two pairs of anal plates. 

Type. — Margaropus annulaius Say, 1821. 

Only three or, according to Neumann, two species, of which two 
species (M. annulaius, M. decoloraius) may be one, the third being 
M. lounshuryi Neumann, 1907. 


Margaropus annulatus Say, 1821. 

Synonyms. — Ixodes annulatus Say, 1821; HcBmaphysalis rosea 
Koch, 1844: Ixodes hovis Riley, 1869; Margaropus winthemi Karsch, 
1879; Bodphilus hovis Curtice, 1880; and several others. 

Femah'. with (‘lliptical body, as wide in front as behind. Scutum 
very small. Eye.s small. Dorsal surface, with two antcro-posterior 
grooves, inlernipted towards their middle. Ventral surface with 
small sexual aperture and sexual furrows. Stigmata oval. Capi- 
tutum very short. Internal apophysis of mandible conical; the 
external with three t(‘eth. Hypostome broad. Palpi very short. 
Tegs short [vide Fig. 313). 

Male with body oval, 2-15 by 2-35 millimetres, narrow anteriorly; 
widest op])osite stigmata. vSciitum brown-red, covering the whole 
dorsal surface with large punctata. Sexual orifice large, a little 
in front of th(.‘ level of the second pair of legs. Festoons hardly 
marked. Two ])airs of clypeal shields. Internal apophysis of the 
mandibles with bitid point; the external has two teeth. Coxa of 
first leg with a blunt anterior process and bifid posteriorly. 

This tick has a very wide geographical distribution, being found in 
North and Soutli Anu'rica, the West Indies, Africa, Europe, Ja])an, 
and Australia; but the different countries show certain variations 
in the tick, and hence the species receive a little change in 
the name. 
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Life- History. — Margaropus annulatus begins its life with the egg 
on the ground, from which the larva emerges, and, gaining access to 
the host, undergoes its development into nymph and adult without 
the changes of host described in Eurhipicephalus . 

When the adult female has gorged with blood, she drops off the 
liost and lays her eggs. 

Pathogenicity. — It is the spreader of Piro plasma bigeminum, the 
cause of Texas or red-water fever in cattle. The adult female 
acquires the Piroplasma and passes it on to the larva, which infects 
the host. It is also the carrier of S piroschaudinnia theileri. 

Varieties. — The names of the varieties are: (i) M. dugesi Megnin, 
1880, in North Africa; (2) M. microphilus Canestrini, 1887, in 
South America; (3) M. ausiralis Fuller, 1899, in Australia, Asia, 
Africa; (4) M. calcar aius Birula, 1895, in the Caucasus; (5) M. cau- 
datus Neumann, 1901, in Japan; ((>) M . argeniinns Neumann, 1901, 
in Buenos Ayres. 

Margaropus decoloratiis Koch, 1844. 

This is looked upon as a variety of Margaropus annulalus Say 
by some authors. It is the blue tick of South Africa. 

Morphology — The clypeal plates in the male end in sharp points, 
and a caudal appendage is present. The hypostome has six rows 
of teeth. 

Life-History. — It lives from the larval stage to the adult on the 
same host. The adult, when fully fed, drops off and lays the eggs 
on the ground. 

Pathogenicity. — It is a spreader oi Piroplasma bigeminum. 

Rhipicentor Nuttall and Warbnrton, 1908. 

Rhipicephalinre with eyes, inornate, with festoons. Basis capituli 
hexagonal dor sally, and having very prominent lateral angles with 
short palps. Coxa I. bifid in both sexes. The male resembles 
Eurhipicephalus dorsally and Dermacentor ventrally. Coxa IV. is 
much the largest. There are no ventral shields or plates. Spiracles 
subtriangular or comma-shaped. 

Type. — Rhipicentor bicornis Nuttall and Warbnrton, 1908. 

Rhipicentor bicornis Nuttall and Warbnrton, 1908. 

Synonym. — RhipicephaUis gladigcr Neumann, 1908. 

This is an African species living on the horse in the Congo and 
Central Africa. It attacks and can live on man. Another species is 
Rh. vicinus Nuttall, 1908. 

Dermacentor Koch, 1844. 

Rhipicephalinae with eyes; base of capitulum rectangular, broader 
than long. Dorso-submedian porose plate present ; palpi short and 
thick; stigmata comma-shaped. Male without anal shields. The 
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coxa of the fourtli leg much larger than those of the others. Scutum 

ornamented. i • 

rctin Labricius, 1794. 


In 1910 St jlc.s classified the specit.s of Dcrmacentor into four groups, accord- 
ing to the iincrosoopical structure of the stignial plates in the adult. 

A Adults with four longitudinal rows of large denticles on each half of 
hypostonie. stignial plate nearly circular without dorso-lateral 

prolongation, goblets very large— D. n/fen!?. 1 1 , 

It Adults with three longitudinal rows of large denticles on each half of 
hypostoine. goblets small, medium, or large. 

Dorso-lateral prolongation of stigmal plate absent Salmom group, 
Dorso-lateral prolongation of stigmal plate distinct . 

Goblets of medium size — Andersoni group. 

Goblets ^nvciW—ReHcMhitus group. 


The Salmom group incMulc^ V. albipictus Packard, 18O0; D.salmoni Stiles, 

it)io; and J'. uigrolii?ra/us Packiird, iSbg. ^ ^ 

T]i(‘ Audt rsoiv' group includes D. occidenialis IMarx, 1892; D . parumapertus 
Neumann, 1901; D. vcuustiis 1897; D. andcrsoiu Stiles, 19^5* 

'J'hc Rcticulaius group includes 1 ). reticulafus Fabricius, I 79 t' 

Say, 1821. 


Remarks. — 1 'liere lias lieeii the greatest confusion as to tlie tick 
wliicli caiisf's Roeky Alouulain ((‘ver. This was called Dcrmacentor 
occidenialis liecaiise Stiles eonsidcu'ed that D. andersoni Stih'S, 
was idfuttical witli /_>. occidenialis Marx, i<S()2, but the two forms 
liave siuct^ Ix'en sliown by him to bcj quite distinct. Tberefore in 
any reffuauicf' to a lick causing Rocky Mountain fever, no matter 
what uauK' is used, it is important to understand that D. andersoni 
Stiles, JO 05 , is i he s])eci(*s really referred to. 


Dermacentor reticulatus Fabricius, 1794. 

Synonyms.- A earns rclicnlafns .Fabricius, 1794; Ixodes rcticulatns 
Falirieius, iSoy- /. mannorains Risso, 182(1; Dennaccnior alhicolUs 
Koch, I). hordalinus Koch, 1844; D. ferrnginens Koch, 1844; 

Jleenia p/iysal IS niannuvaia Berlese, 1887. 

Demiacent or wit li coarsely jiuiietate stigmal plate, 
lliis tick gains its inqiort anec' from the fact that for some time 
it was eonsifhuad I0 be tlu' ('ause ol 11 k‘ sjiread of Rocky Mountain 
fever, which was really din' io llie nearly related D. andersoni, with 
whicli it was long conlnscHl. 1 1 ju'obably does not occur in America. 
It is widf'ly (list riluit f'd t Inougli Furojic' and Asia. 

Dermacentor occidentals Marx, 1892. 

1 hi.s tick was rcH oi xaal by i\laia\ from Occidental in California, and was first 
described by Neiimauu, ll is Inmid in the north-western portion of the 
Isiuted States Irom (. aliforma. to Montana. 

Morphology. IMale: Oval, narrow in front, broad behind; scutum varie- 
gated brown and white. Anteriorly there is an elliptical area, the pseudo- 
scutum, closely n'preseuting U^o form and colour of the female scutum, and 
limited by a white' hoixh'r, and possessing two lat{;ral brown stripes with a 
median brown stripe or spots between them. Behind this there are four 
brown stripes arranged in a curve, open anteriorly. Posterior to these usually 
five brown stripes ; one central and two lateral. Between these areas the whole 
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dorsum is speckled with brown pu notations. The eleven festoons are some- 
what quadrangular, each composed of a white area with one brown spot, and 
speckled with brown punctations. Ventral surface with the first coxa biden- 
tate, and the others with a single spine. Fourth coxa very large; about 
twice as large as the third. Generative aperture on a level with the second 
pair of legs. Stigma comma-shaped; hyposlome with three rows of teeth on 
each side. Palpi longer than liypostomc. Size, 5 by 2*5 millimetres. 

Young female: Oval depressed body, broader posteriorly than anteriorly; 
reddi.sh-brown in colour; about the .same si/_‘ as the male— 5 by 2-5 milli- 
metres. Scutum very large, and marked likr the antc'rior part of the male, 
extending as far back as the third pair of ’egs, with eyes in the anterior 
part of the lateral border. Dorsal surface of abdomen with a marginal 
groove beginning behind die eyes, and three longitudinal grooves running 
backwards, the -’wo lateral beginnii g just behind the scutum, and the median 
about the centre of the body. Posterior margin with eleven festoons. Ventnti 
surface with line hairs. Genital aperture .d the hwtd of the second co.xa ; 
genita.1 grooves close to- 
gether at first, but diver- 
ging laterally behind tlu^ 
fourth coxa, and ending 
between the second and 
third external festoons. 

Anus with short anomar- 
ginal groove, Stigma 
comma-shaped. 

Capitulurn with the 
posterior lateral angle 
prolonged into a sharp 
point. Porosc a,reas cir 
cular. Internal a])o- 
physis of tile mandibU' 
with stiamg posterior 
tooth; external with 
three successive ttHdh. 

First coxa bidentate, 
other three with spines. 

Replete female: Swollen 
body laterally con- 
stricted at the stigmata ; 
of deep brown or slate 
colour; size, 16 by 10 
millimetres. 

Life-History. -The egg 
hatches in seven to ten days, and yirodnccs a. larva which feeds on some 
animal for several days, and then, becoming swollen and of a uniform slate- 
colour, drops off, and, becoming quiescent, moults and gives rise to the nymph. 
This nymph again attacks an animal, and when fed drops off, and in ten 
days moults and becomes the adult. The nymph, however, can hibernate. 
If the adults do not obtain a host they die off quickly. 

Pathogenicity. —N il. 

Dermacentor andersoni Stiles, 1905. 

Synonyms. — Dermacentor Occident ah s of all writings on Rocky 
Mountain spotted fever until some time after 19T0; D. venustas 
Marx (in part only) ; D. andersoni Kieffcr, 1907. 

Dermacentor with caudal margin nearly or quite semicircular. 
Colour, greyish to red or deep red-brown. Ryes not promijient. 
Scutum with whitish rust, and with large or small punctations. 
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Genital pore surrounded by hairs Anal ring nearly circular. 
Stiffmal Dial es with irrominent dorso-lateral pro ongation, aperture 
anrha£. arge and elongate, goblets of medium size. Post^o- 
lato-al moieetions of ])late small. Capitulimi wi ll short postero- 
iSeraJ pro eoiions of ba.so. li-Kternal artic e with large recurved 
tooth, a sniallei suhapical, and a v.'ry simill apical tooth. Hypo- 
stome wit h i hrve rows of strong denticles. Palpi with lateral margin 
conve.x 1 lirst iirticle wit li foin oi five hiistlcs, fluid article lather 
trianguiar dorsidly. Legs: outer s]nir of coxa L longer than inner 
spur; trocliantf'r f. with retrograde curved blade. 

Male- Lf'ugl li , 4 by 2 *5 millimetres broad. Body oval. Scutum 
coveis florsum exca^h capitulum; deep reddish-brown, marked by 

four e 1 o n a t e 



spots arranged in 
semicircle; two 
elongated reni- 
form spots behind 
these, one elon- 
gat cd m edian spot , 
and two shorter 
elongate subme- 
dian spots, and an 
indistinct forked 
spot. 

Female. - - Scu- 
tum, 1*56 to 1*62 
millimetres i n 
length by 1-9 milli- 
metres broad; very 
conspicuous b e- 
cause of its 
whitish colour. 
Cervdeal grooves 


Fig. 328 . — DcrmaccHtor salmoni Stiles, igoy: 
Mat.]', Vp:ntk.al Aspect. 


well developed. 
Venter with punc- 


tation and fine 


hairs. Genital grooves ruiinirig parallel caudad. 

y oimg Female . — This is the form most commonly found. Length, 
4*5 to 7 millimetres. Breadth, 2*3 to 2-6 millimetres. Body oval. 
Scutum covers about 0*43 of the length of the body. Eyes not 
very distinct. Vulva between coxae 11 . 

Replclc Female , — Lengtli about 16 millimetres, and 6 millimetres 
to 9*5 millimetres tliick. Eyes more distinct than in young female. 
Vulva may shift to level of first and second intercoxal space, 
and a radial groove may appear on each side between the anal 
and the genital grooves. Coxae naturally farther ajiart than in 
young female owing to repletion. 

Hexapode Larva. — 0*656 millimetre in length by 0*316 millimetre 
in breadth, with the caudal end broader than anterior end. 
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Hosts. — Man, cattle, horses, dogs, rabbits, ground squirrels, and 
other squirrels. 

Distribution.— Montana, Washington State, Colorado, and Idaho 
Pathogenicity. — It is 
the carrier of the virus 
of Rocky Mountain fever, 
and also causes Tick 
Paralysis. 

HaemaphysalisKoch, 1844 
[vide Figs. 316-319). 

Rhipicephalinar w i t h- 
out eyes, with the base 
of the capitulum rectan- 
gular; twice as broad as 
long. Palpi triangular or 
crescentic. Stigmata 
circular or comma-shaped. 

Anal shields absent. Tegu- 
ment brownish. 

Type. — lIcBmaphysalis 
concinna Koch, 1844. 

Species.— The most important species are: H, concinna, H. Icachi, 
H, fiavii, H. punctata, the life-history of the last named having 
been studicid in detail by Nuttall, Cooper, and Robinson, while 
according to Stockmann it ir^nsmWsPiropIasma ovis. 

Haemaphysalis leachi 

Audouin, 1827. 

Synonyms. — Ixodes 
leachi Audouin, 1827 ; 
Rhipisioma leachi C. L. 
Koch, 1844; Rhipicepha- 
lus ellipticum C. L. Koch, 
1844 ; Rhipidosioma leachi 
Karsch, 1878; Hcemaphy- 
salis leachi Neumann, 
1897. 

This species is found 
in Africa, Sumatra, and 
New South Wales. It is 
the South African dog 
tick. 

The male is 3 by 1-5 
millimetres, with yellow- 
ish-red scutum, finely punctated dorsum, with eleven marginal 
festoons. Palpi longer than hypostome. Coxae of all legs, with a 
short spine. 



Fig. 330. — Dermacentor salmoni Stiles, 1909: 
Replete Female, Ventral Aspect. 



Fig. 329. — DevwacentoY salmoni Stiles, 1909: 
Replete Female, Dorsal Aspect. 



arthropoda 


720 

The replete female is 9 by 5 millimetres; scutum oval, larger than 
wide. Second segment of palpi long and spiny. 

Life-History.- — The larva, after feeding, drops off the dog, and 
moults The nymph attacks another dog, feeds, drops off, and 
moults. The adult attacks a third dog, feeds, drops off. and lays 
eggs wilicli develop larvcK. 

Pathogenicity.- — It is the spreader oiPirophfsnia cams among dogs, 
causiJig tlieir biliary fever. Niittall and Hadwen huve shown that 
this canine piroplasmosis can be successfully treated by hypodermic 
injections of () c.c. of a i ])er cenl. solution of tr\i)anrot, or 4*5 to 
5*5 c.c. of a saturated solution of trypanblaii. 

Sl-UFAMILV IXOniNAi. 

The following diagnostic iabha modihed slighll\' from v^almon 
and Stiles, will indicate the genera: — 

A. Eyes absent : — 

I. Prc-anal crescentic groove opens posteriorly: — 

(a) Palpi A'alvate- (Fig. 331). 

(/;) Palpi clavat e- -EscJiaiocepIialiis. 

II. Post-anal crescentic groove open anteriorly — Apo- 
nomma. (Fig. 333). 

Ilf. WithoLit anal groove* in the female: one anal shield in 
the m a 1 e— ( ' er ai i xo cl cs . 

]>. Jsyes ])!•( snil ; — 

I. Anal ])lates Afnblyoni'fna (h'ig. 33b). 

il. Anal ]dat(*s ])resent on miAcs— Hy a! om^jici (Fig. 33 q). 

Ixodes Latrellle, 1796. 

Synonyms. Hermann, 1804; Dumeril, 1822. 

Txodiine without eyes, and with long palpi hollowed on the internal 
surlace. 1 ar.si without terminal spurs. Pre-anal groove open 
posteriorly. 

Mak* with scutuni not co\ cTing the lateral and posterior margins: 
no festoons: stigmata o\aL Ventral shields seven in number: 
one inegeiiital, one median, two epimeral, one anal, and two 
aclanal. 

kemale v'ith three dorsal longitudinal grooves and two longi- 
tudinal genital grooves ventral, and the anal crescentic groove 
already mentioned. 

Type Species. — Ixodes ncinus Idnmeus, 1758. 

Ixodes ricinus Linnaeus, 1758. 

Synonyms, A cants rcchmns Linnaeus, 1758; A. ricinus Linnaeus, 

This is the castor-oil tick, and is found in Europe. North Africa, 
and North America on man, sheep, goats, cattle, horses, dogs, cats, 
rabbits, bats, birds, etc. 
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The male has an oval body, broader posteriorly, 2-5 by 1*5 milli- 
metres. Scutum convex, deep red-brown. Genital pore on a plane 
with the third coxa. Pregenital and anal shields well marked. 
Capitulum long. 



Figs. 331-332. — Ixodes pilosus Koch, 1844: Ventral Aspect. 
a, Male (X 10) and mouth parts; b, mouth parts and female (X 10). 


The female, when young, has a flat, oval body. Replete female 
is like a castor-oil bean, 10 to ii by 6 to 7 millimetres, of ashy 
colour. Tegument covered with fine, short hairs. Dorsal surface 
with three well-marked posterior grooves and^^two anterior. 



Figs. 333-335. — Aponomma gervaisi Lucas, 1847: Ventral Aspect. 
a. Male (X 15) ; b, mouth parts (more highly magnified) ; c, female (X 15)- 

Genital pore at the level of the fourth coxae. Genital grooves 
unite in front of the vulva. Well-marked pre-anal crescentic 
groove, open posteriorly. Stigmata whitish. Porose areas elon- 
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gated transversely. Mandibles with two teeth on the internal 
apophysis, and external with five teeth. • v, * 

Life-History —The female lays about r.ooo eggs in about one to 
two weeks; the eggs take six weeks to hatch into a larva, which 
remain one week on the first host and then four weeks on the 
earth before it becomes a nymph. This stage requires one week on 
the second host and eight weeks on the earth before it becomes the 
adult which .seeks the third host, copulates, sucks blood, and drops 


^Vathogenfity.— ft acquires Piroplasma bigemimm from infected 
cattle in the adult stage, and .spreads it to fresh cattle in the larval 
and n3n'nphal stages. 

Ixodes hexagonus Leach, 1815. 

Synonyms. — -Ixodes aufumnalis Leach, 1815; /. cmiacei Audoiiin. 
1832; I . reduvius Audouin, 1832; /. sexpunciaUis Koch, 1847. 

Til is is the European dog tick. 

Pathogenicity. — ^According to Blanchard, the tick can transmit 
Piroplasma canis Piana and Galli Valerio, 1895. 


Eschatocephalus Frauenfeid, 1853. 

Synonyms. — Sarconissns Kolenati, 1857; Hcvmalasior Neumann. 
1889. 

Ixodinie without eyes, and with a long rostrum. Palpi pyriform 
in th(‘ male and claviform in the female. Pre-anal groove opening 
postc'riorly. Stigmata circular. Legs long. 

Male with florsal and ventral irregular chitinous thickenings. 
Female with very line parallel grooves. 

Type Species.— /L vesperiilionis C. L. Koch, 1844. 

There are over seven species found on bats and in caves. 


Aponomma Neumann, 1899. 

Synonym. — Ophiodcs Murray, 1877. 

Ixodinie without eyes, and with the base of capitulum usually 
pentagonal, with dorso-lateral border very short; palpi long. Post- 
anal groove. X’cntral sexual grooves. 

Male nearly as broad as long, with a scutum marked with green 
spots covering the whole dorsal surface. 

I'emale scutum shorter than broad. 

Type Spec\es,~Aponofnma ^ervaisi Lucas, 1847. 

These ticks arc found chiefly on reptiles, but are also found on 
other animals, 

Ceratixodes Neumann, 1904. 

Ixodinie with long palpi, without eyes, and without anal groove 
in female. Stigmata circular. One anal and two adanal shields in 
the male. 

Type Species. — Ceratixodes puius Cambridge, 1879. It lives on 
sea-birds, and is found on cliffs, while C. signains Banks, 1908, is 
known in North America. 
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Amblyomma Koch, 1844. 

Ixodinse with flat eyes; rostrum long, with valvate palpi. Anal 
groove semicircular, opening anteriorly. No median ? no-marginal 
groove; no anal plates in the male. Stigmata triangular. Nearly 
always eleven festoons. 

Type Sp3cies. — Amblyomma cajennense Koch, 1844. 




Figs. 336 - 338 . — Awhlyonma hehrcBiim C. L. Koch, 1844 : Ventral Aspect. 

a, Male (X 7); h, mouth parts (more highly magnified); c, female (X 7). 

Amblyomma hebraeum C. L. Koch, 1844. 

Synonyms. — A. annulipes C. L. Koch, 1844; Ixodes poortmani 
Lucas, 1850; A. hassalli Marx and Neumann, 1899. 

This tick is found in Africa, especially in Cape Colony, where it is 
called the ‘ bont ’ or variegated tick, and is the spreader of ‘ heart 
water ’ in sheep and goats. 

Morphology. — Male {vide Fig. 336) with sulphur-yellow-coloured 
scutum, variegated with brown, and finely punctated and marked 
with longitudinal grooves. Marginal festoon s light-coloured except 
the two extreme festoons. Female with brown and white scutum, as 
broad as long; body of a fully replete female, 24 by 15 millimetres. 

Life-History. — ^The usual life-history for Ixodidie. 

Pathogenicity. — ^Transmits ‘ heart-water ’ in sheep 

Hocyalomma Koch, 1844. 

Ixodinse with eyes, rostrum long, palpi valvate, anal groove 
semicircular, opening forwards, uniting sexual grooves, and followed 
by a median ano-marginal groove. Male with two pairs of ventral 
shields, two adanal and two lateral. Female with triangular stig- 
mata. 

Type S]^^cies.~Hyalomma cegyptium Linnaeus, 1758. 

Only a few species: — H. cegyptium, H. crassitarsus, H. affine, H. 
syriamm, H. rhipicephaloides, H. hippopotamense, H. monstrostm. 
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Hyalomma aegyptium Linnaeus, 1758. 
Symnym.s.—AcarmagypHis L., 1758; Ixodes camelinus Fisclier. 

^^This tick is found in Africa, particularly in Egypt and South 
Africa; in Asia, particularly in Southern India; in Europe, espe- 
cially in France and Italy. The adults attack cattle, especially 
sheep and goats, and also at times man. The larvae and nymphae 
are supposed to attack birds, not cattle. 




Figs, -H yalomnia cogypliuni Linn^us, 1758 (X 3) : Ventral Aspect 


a, Male (X 8); b, nioiitli parts (more highly magnified); c, female (X 8). 


The male is almost black, with a pale marginal stripe, with a 
small, triangular, often white, median festoon. 

The female is brown, with light blue stripes. Scutum, which 
as a rule is as broad as long, possesses numerous punctations, and is 
indentated behind the eyes. 

Life-History." -This appears to require further investigation. 

Pathogenicity.- -Can inu\s\miPiroplasma hovis to oxen. 


SUBORDER IV. PROSTIGMATA. 

Th(‘ suborder Prostigmata contains two superfamilies, which are 
of importance in medicine. 

Superfamily A: Tkombidoidea.— Prostigmata in which the last 
joint of the palpi is bent down towards the penultimate joint, which 
usually ends in a claw. Body often with many hairs. 

Superfamily B: Eupopoidea.- — Prostigmata with simple palpi, 
in which the last joint of the palpi is not bent down towards the 
jienultimate joint. Body with few hairs. 
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SUPERFAMILY A: TROMBIDOIDEA. 

Ihe Trombidoidca include the following families, which are of 
importance in medicine — -(i) Trombididse; (2) Tetranychidse; 
(3) Cheyletidae. 

Family TROMBiDiDiE. 

Trombidoidea with soft skins, and chelate mandibles adapted for 
biting. 

There are two important genera, which may be differentiated 
as follows 

A. Distal segment of palp with single c\a,w ~Trombidimn. 

B. Distal segment of palp with two cldi'ws- -Microirombiditm. 


Trombidium Latreille, 1795. 

The larvae of this genus are the harvest-mites, and are widely 
distributed. Lepius americanus Riley and L. irritans Riley are 
American species, being found in the United States and Mexico. 
Trombidium tlalsahnaie Le- 
maire, 1867, 1 ^ 1 ^^ Tlalsahuate 

of Mexico. The zoological 
names of the ‘ pou d’agouti ’ 
of Guiana, the ‘ niaibi ' of New 
Granada, the ' Colorado ' of 
Cuba, the ‘ mouqui ’ of Para, 
the ‘ bete rouge ' of Martinique 
and Honduras, are not known. 

It must be confessed that there 
is a great deal of uncertainty 
about the genus and species of 
these larvae, and the subject 
evidently requires revision. 

Morphology, — ^They are six- 
legged larvae with prominent 
claws on the ti])s of their legs, provid(xl with a powerful hypostomc, 
which they drive through the skin. Around this hypostome the 
tissues of the host are supposed to form a tube. 

Life-History .—Only the larvae appear to be parasitic; the adults 
apparently are not. 

Pathogenicity.— They cause itching, redness, and swelling of the 
affected part, which, if scratched, may become eczematous, and 
even at times suppurate. 

Treatment. — -Sulphur ointment kills them. 



Fic. 342. -Microtrombidium akamxishi 
Brumpt, 1910. 

(After Tanaka, from Centralb. fiir 
Bakteriologie Par. und Inf.) 


Genus Microtrombidium Haller, 1882. 

Definition.— Trombididae in which the distal segment of tlie palpus 
terminates with two stout claws. 

Remarks.— These mites are quite common. Thus Microtrom- 
bidium autumnalis Shaw, 1790, is the harvest bug of England, and 
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is commonly found in the South of England during August and 
September. It is also common in France during the hot and dry 
L^nths. Bruvant raised a nymph in 1910 which was bought at 
first to be M'. pimlhmi Hermann, but this is now thought to be 
doubtful. It is also found in Germany. It generally attacks small 
mammals, such as dogs and cats. AcUtus hdidtus Linna0US cn 
Surinam perhaps belongs here. wich^ftdfiH'i Ondemans is found 
in New Guinea and Celebes. 


Microtrombidium akamushi Brmnpt, 1910. 

Synonyms. — Akdmushi (red mite); Kcddni (hairy mite); Shdshilsti 
(sand mite); Shintdmushi (island mite); Tsulsugdinushi (dangerous 
mite); Yachilhia. 

Dehnitlon, ~Aficyo/ 7 'ombidium of various characters, probably 
covering sevt'ral distinct species, with and without all dorsal hairs 
of tlK‘ })alp feathered. Hair on galea of maxilla always strongly 
featliered. Hairs on dorsum of palp not feathered, except that on 
the tibia. Tarsal claw trifurcate. Last tarsus without long fine 
tactile hair. 

Remarks.- -Thc' form shown in Fig. 342 may be a distinct species 
from M. dkdynushi, because all the dorsal hairs on the palp are 
feathered. This may be called Microiromhidium brumpti Hirst, 
I9J5- 

These are tlu' mites which cause Japanese river fever, called 
is liisitf^ainiishi f ever. 

Morphology. -The larva is orange red in colour, ()*i6-()‘24 milli- 
metre in l<‘ng(h, by o-i 0-0*24 millimetre in breadth. The palpi 
are leg-like, and the body and legs are very hirsute. 

The scutioji is oblong, not wide, with straight posterior margin and 
usually seven hairs. The pseudostigmata are nearer the posterior 
than the ant(‘rior margin. 

lives an* W('ll developed. 

porsdl hairs are 2, 8, b. 8-10, 8, with a few posterior hairs. 

The lirst coxa has two hairs. The hair on the galea of the maxilla 
is strongly feathered, whih' those on the dorsal surface of the palp 
are plain, except the one on the tibia, which is feathered. Tarsus 
with seven featluaed hairs and a blunt rod-like hair. Legs slender 
and inoderately long, with strongly feathered hairs. 

Life-History. — The akamushi does not attack insects nor spiders, 
but will attach itself to man and to small mammals — monkey, dog, 
cat, rat, mouse, rabbit, and guinea-pig. 

Ihe mite remains on its host for three to four days, during which 
it swells up and turns pale. It then drops off and finds shelter 
under the ground, where a metamorphosis takes place in some five 
to six days, during which a nymph forms under the larval skin, and 
from which it escai.es. 

The newly hatched nymph, ()*4-o*57 x o*25-o*285 mm., is a minute 
eight-legged creature, which, though it crawls about, is neither para- 
sitic nor predaceous, but it feeds upon the juice of potatoes, melons, 



M ICRO TROMBIDI UM 


727 


and other vegetables. After some growth the nymphs seek shelter 
under the earth and become pupae. 

The pupa is formed from the elongated body of the n^ymph, inside 
which the adult form develops, and which in a few days emerges. 

The imago is at first without sexual organs, which begin to de- 
velop. Meanwhile the adult grows and undergoes more than one 
eedysis, and in about ten weeks arrives at sexual maturity. 

The eggs are laid singly in earth, but oviposition has not been 
observed, and the earliest egg known is the dentovum, o *2 1-0*24 x 
0*17'^ '22 mm., inside which the chorion, having split the pale 
vitelline membrane, could be seen containing the red akamushi, 
which hatched out after three weeks’ incubation. 

Microtrombidium wichmanni Oudemans, 1905. 

Its larva attacks man and animals in Celebes. 

Microtrombidium vandersandei Ondemans, 1905. 

Synonym.— Microlyombidium Van der Sander. 

'riio larva of tliis Trombidium occurs in New Guinea, and attacks man 
and animals. Its local name is ‘ Gonone.' 

Metatrombidium Oudemans, 1909. 

Metatrornhidiiim poriceps Heim and Oudemans, 1904, has been found on 
fowls, dogs, and men. 


Family Tetramycii 10.22. 

Trombidoidea with first and second pairs of legs without spines ; skin with 
few shields; palpi not much thickened on base, moving vertically; eyes usually 
present. First pair of legs do not end in long hairs. Coxaj more or less in 
two groups. Body with fewer longer hairs. No dorsal groove; often spinning 
threads; tarsi never swollen. Mandibles siyliform. 

Genus Tetranychus Dufour. 

Definition. — TetranychideE without cephalothoracic tubercles. Few legs, 
slightly longer than body, which is not twice as long as broad. Legs slender. 
Integument not tessellated dorsally. Palpi ending in a distinct thumb. 

Tetranychus molestissimus Weyenbergh, 1886. 

This mite is found in the Argentine and Uruguay. It is small and of red 
colour, living in a web on the inferior surface of the leaves of Xanthum macro- 
carpum. From December to February it attacks mammals and man, thrust- 
ing its hypostoine into the skin and causing severe itching. Another species — 
T. telarius (var. russeoUis) L., 1758 — may attack human beings. 


Family Ciieyletip.e. 

Trombidoidea without spinous processes on the legs ; skin with few if any 
shields; palpi much thickened at the base, moving laterally; last joint often 
with two pectinate bristles without eyes. First leg ending in several long 
liairs. 

Cheyletus Latreille, 1796. 

These arc very small mites, distinguished by having enormous palpi, with 
pectinate bristles. Cheyletus eruditus has been described in the external 
auditory meatus of a man. 
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Acaropsis Moquin-Tamlon, 1 863. 

Acaropsis mencourli Laboulbcne has been found in the human external 
auditory meatus. 

SUPERFAMILY B. EUPOPOIDEA. 


Family Bdellidau 

No specialized seta on cephalothorax; integument not chitinized or leathery; 
palpj composed of four or five segments; cephalothorax large and clearly 
.sepLated from abdomen; palpi large, geniculate, and bearing distally long 
tactile bristles; mandibles cheJate. 


Tydeus molestus Moiiiez, 1889. 

This mile was imported into Belgium in Peruvian guano, and caused much 
trouble to man and beast. 


Fy\MiLY Tarsonkmid.t:. 

With marl;(‘(l sexual dimorphism and tracheae. No ventral suckers. 
Tarsonemus hominis Dahl, found in cancerous tissues in man, is probably 
an accidental contamination of the preserving fluids. 



Fii'.s. .D3-3 Pcdicnloides ventricosus Newport. 
a, Male (x female (X 220); c, distended female (X bo). 


Genus Pediculoides Targioni-Tozzetti. 

Pediculoides ventricos us Newport, 1850. 

Synonyms, II ( tnopus vrntncosus Newport, 1850; Acarus tntici Lagreze- 
Fossot and Montane, 1851; Physogaster larvarum Lichtenstein, 1868; Pedi- 
culoides tritici Targioni-Tozzetti, 1878; Sphearogyna ventricosa Laboulbene and 
1885 ; T arson emus monougniculosus. 

This mite causes severe itching and urticarial eruptions on the breast, 
arms, face, neck, and shoulders of persons handling corn and barley, which 
contains it, in India, Algeria, and Europe. 

Morphology. — Males are oval, 0*12 by 0-08 millimetre, with six pairs of 
dorsal hairs and a lyre-shaped lamella. 
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Female cylindrical, 0*2 by 0*07 millimetre; becomes much distended pos- 
teriorly when gravid. 

Life-History. — They live on the stalks of cereals, and feed ( n animal and 
vegetal juices. The adult hatches directly from the egg. 

Pathogenicity. — They cause diffuse erythema, urticaria, and itching. 

Nephrophages Miyake and Scriba, 1893. 

Nephrophages sanguinarius Miyake and Scriba, 1893. It is a very doubtful 
parasite of man; it was found in bloody urine passed by a man in Japan. 

SUBORDER V. ASTIGMATA. 

This suborder includes the superfamily Sarcoptoidca. 


SUFERFAMILY SARCOPTOIDEA. 

Astigmata with small three-pointed palpi adhering for some distance to 
the hypostome, with usually ventral suckers. Two families concern us — 
(1) Tyroglyphidac, (2) Sarcoptidae. 



FiG. 346. — Tyroglyphns longior 
VAR. castellanii Hirst, 191 
Dorsal Aspect. 



Fig. 347. — Tyroglyphus longior 
VAR. castellanii IdiRST 1912; 
Ventral Aspect. 


Family i: Tyroglyphid^. 

Very small mites without eyes; only accidental jiarasites being found in 
flour, sugar, cheese, etc. 

Tyroglyphus Latreille, 1796. — With smooth dorsum; cephalothorax with 
four long bristles and no stout spines on tarsi ; with claws and suckers . A leuro- 
hius favincB (De Geer) in corn may get into the skin. They are the cause 
of so-called vanillismus. According to Theobald, Linnaeus reported a case of 
dysentery as being due to this species ( carus dysenterice) . 

Tyroglyphus siro Linnaeus, 1758, is supposed to be the cause of vanillismus, 
and T" longior Gervais, 1844. is found accidentally in faeces, urine, or pus. 

T. longior var. castellanii Hirst, 1912. was found by Castellani in copra and 
on people affected by copra itch in Ceylon. In this variety, in contrast to 
T. longior, there is no pair of short haiison the ventral surface, behind the anal 
suckers. 

GlyciphagUS Hering, 1838. — With dorsum covered with hairs. 

G. prunorum Hermann (synonym, G. domesticus de Geer, 1808) is the cause 
of grocer's itch. 

Rhizoglyphus Claparede, 1869 — R. parasiticus Dalgetty, 1901. —With short 
legs, armed with spines. Tarsi end in a claw. Live on plants. 
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Fig. 3 48. — Rhizoglyphus parasiticus Dalgetty, 1901. 

(From a photograph by J. J. Bell.) 

This is llie species which causes trouble in tile feet of Indian coolies. Bell 
described a large circailar, superficial sore on the sole of the foot, caused by 
many cjf fhese parasites invading the skin (see Chapter XCVl.). ^ 



Fig. 349. Sarcoptes scabiei vak. hominis Linn^us, 1758; Female 
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Hlstiog^drStor Berlese, 1883 — H. spermaticus Trouessart, 1900. — This mite 
which feeds on vegetables, appears to have been introduced into a patient by 
means of a catheter, and to have formed a cyst in the testis in a man in India. 

CarpOglyphus Robin, 1869. — C. alienus Banks has been found in purulent 
urine passed by a man. Probably it was a contamination. 

Family 2: Sarcoptida!:. 

Sarcoptoidea without genital suckers, without clinging apparatus, with 
transverse vulva. Lines in skin. 

Sarcoptes Latreille, 1806. — Sarcoptidae 'v/ith round or slightly oval bodies; 
posterior two pairs of legs concealed beneath the body; tarsi end ni simple 
long pedicles with ambulatory suckers. 

Sarcoptes scabiei var. hominis Lin- 
najus, 1758. — Female lives in furrows 
in the epidermis, in which it lays its 
eggs. Posterior legs end in spines. 

Males occur on the surface and die 
after copulation. Posterior legs end 
in suckers. Six-legged larva hatches in 
four to eight days. 

Sarcoptes minor Fiirstenberg, 18O1. 

— Usually a parasite of cats; has been 
found on man. 

Sarcoptidae as Internal Parasites.— 

Sarcoptida 3 have been described by 
Newstead and Todd as internal para- 
sites in monkeys. An Aceirid-likc 
parasite was found by Castellani in the 
omentum of a negro in Uganda. This 
parasite somewhat resembled Cyio- 
leichus sarcopioides Heguin, which 
lives in the air sacs, and at times the Fig. 350. — Sarcoptes scabiei var. 
liver and kidneys, of fowls. hominis Linnaeus, 1758; Male. 

Notoedres Railliet, 1893 — AT. cati (X i^5-) 

Kailliet, 1893. — Cause of the itch in 
the cat, and transmissible to man. 

Cytoleichus sarcoptoides Megnin. — Synonym, Cytodites nudus (Vizioli, 
1868), in fowls in the Sudan. 

Cytoleichus hominis Hirst, 1917. — Found by 
Castellani, in 1902, embedded in the fat of the 
omentum of a negro in Uganda. 

Chorioptes bovis Gerlach and Psoroptes equi 
Gervais arc stated by Ziirn and Hirst to attack 


SUBORDER VI. VERMIFORMIA. 

Very minute Acarina, with abdomen elongated 
and annulated, without tracheae, and with epi meres 
on the legs. 

This suborder contains only one family. 


Family Demodiciltl. 

Vermiformia with eight legs, living on animals. 
This family includes only one genus — Demodex Owen, 1843. 

Demodex Owen, 1843. 

With the family characters. This genus has been recently revised by Hirst. 
The species of Demodex live in the sebaceous glands and hair-follicles of 
mammals and man. The mouth consists of a rostrum, wliich is arranged for 



Fig. 351 . — Cytoleichus 
hominis Hirst, 1917. 
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1 • n^lni ire tliroc-jointod, and pressed to the under surface of 

sucking. eiqht in number, short, and consist of three segments 

the rostrum abdomen is tapering, striated dorsally and 

n.c l,p. The anus is situated at the anterior end 

of the abdomen. 

Demodex foUicuIorum Simon. 1842. 

Svnonms-AMrus folUcnlorum Simon, 184-’; //• ffiadorum Owen. ,843: 
TlSS Micscher, 1843; Mica foUicuIorum l >. U-rvms, 1S44; 

by 0. Snnon, of Beilin, in 1842, in the 


(.ontcnls t ,p ■ ■ had found them jn liair- 

follicles in the external auditory meatus, and Topping 
/pik a v^ariety in the dog. "J'wo otlier species are known: 

1; phylioides Cook in pigs and D. bovis Stiles in cattle. 

P. foilicti! or ni}i honiinis is cosmopolitan, living in the 
follicles of th(* face. 

Male measures 300 /i by 40 ji, and the female 380 jx 

• xll^lL 1/ Cii by 4 5 // . 

Life- History. — The eggs are 60 to 90 /x in length by 
zoio fyo Jilin breadth, and heart-shaped or fusiform. The 
t‘gg hatches out a six-legged larva, wlxich develops into 
\ eight-legged nymph, from wliich the adult appears. 

I . -iM Pathogenicity. — Usually said to be nil, but a few 

r- fm aulhorilics sijsfx'cl llie jiara.sitcs to jiroducc acne-Hke 

- 49 cniplions, and Jtorrel considers the}^ yilay a part in the 

- 9 syiread of cancer and leprosy, 

J ARACHNIDS INCERT^^i SEDIS. 

J Linguatulida. 

'1 Parasitic Arachnoidea with ringed, elongated, 

vcrniifonn bodies, possessing two pairs of hooks 
^ in the neighbourhood of the jawless mouth. 

1 Remarks. — ^'Thc Linguahilida have been found 

\ M parasitic in man both in the adult and larval 

( onditions. but the adult is much rarer than the 
W larva. They have been found in li^urope and 

hio. ^52. -Dnhoii \ Africa, and reported from the West Indies, but 
foihV:,i<>r:(}» SiMo.N, this was in a negro from West Africa. It is not 
i8.j2. ( < 150.) impossible that they will be found to be far 

(Partly aiicr Eeriest*.) from uncommon parasites when the medical 
history of the West Coast of Africa is better 
known. When tk'aling with cases showing obscure abdominal or 
pulmonary symptoms in that part of the world, the medical man 
should remember these ])arasites. 

Morphology.- -llie body is white in colour and vermiform in 


Pic.. h’lhO'ii \ 

pillic:il<>r:i))i SiMo.N, 
i8.j2. (,< 150.) 

(Part ly al 1 er Eeriest*.) 
known. When tit 


apptairance, and. indeed, they were long mistaken for worms. 

It is elongated, llattened, or cylindrical, and marked by a variable 
number of rings, and is usually divisible into two regions- -an 
anterior broach'r portion called the cephalothorax, and a posterior, 
more attenuated, called the abdomen . It is covered with a chitinous 
cuticle pierced by pores, called stigmata, which have nothing to 
do with respiration, being merely the orifices of epidermal glands. 
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The mouth is situated anteriorl}^ and is either terminal or sub- 
terminal, with a chitinous ring. Two pairs of chitinous hooks, 
retractile into grooves, are situate on either side of the mouth, and 
are looked upon by Stiles as antennce and palpi. There are no legs. 
The anus is terminal at the posterior end of the abdomen, with the 
female aperture situate just in front. The male generative pore 
is on the ventral surface, near the anterior end of the abdomen. 
The sexes are distinct. The mouth leads into a simple straight 
alimentary canal, which ends in th( anus. There are no circula- 
tory or respiratory organs. The ncrvv ‘US system consists of a ventral 
mass and a circumoesophageal commissure. 

Life-History.— The female produces eggs, which, escaping from 
the definitive host, pass into the intermediary host, and there hatch 
out a four-legged larva, not unlike an cmbyro A cams. This embryo 
undergoes complete metamorphosis, and forms a nympii resembling 
the adult, which does not, as a rule, mature, until it reaches its 
definitive host again. 

Genera. — -Linguatula Frolich, TjSi.)]PorocepJiahi$ll\\rnbo\(\i, i8ii; 
Reighardiay^dsd, 1899; and Raillictiella Sambon, 1909; but only the 
first two contain species parasitic in man. 

Linguatula Frolich, 1789. 

Linguatulida with depressed body, rounded dorsum, and crenatc 
margins. Body cavity fonning diverticuli into the lateral parts 
of the rings. 

Species.— Linguatula serrata Frolich, 1879. 

Linguatula serrata Frolich, 1789. 

Synonyms. — Tcenia rhinaria Pilger, 1802; Polystoma icBuioides 
Rudolphi, 1810; Linguatula tceni aides Lambinet, \ P entastoma 
tcBuioides Rudolphi, 1819. Nymph. — Peniastoma denticulatum. 

The adult lives in the nasal cavity and frontal sinus of the dog, 
wolf, fox, and rarely in the horse, mule, sheep, goat, and man in 
Europe; while the larva exists in sheep, oxen, horses, rarely in cats 
and dogs. Its real host appears to be the dog, especially sheep-dogs. 

Habitat. — -Europe, especially Central France. 

Morphology.— The male is white in colour, 18 to 20 millimetres 
in length, and 3 millimetres broad. The female is greyish -white 
or brownish, owing to the contained ova. 

Life-History.- -The eggs, which are ovoid, 90 by 70 are laid in 
the nasal cavities of the dog, and expelled by sneezing. If they 
fall on grass, they may enter the alimentary canal of a herbivorous 
animal, in whose intestine the embryo hatches. This embryo 
measures 130 by 60 [jl, and possesses two pairs of legs and an anterior 
perforating apparatus composed of a stylet and two hooks. 

It now bores its way into the liver, lungs, or some other organ, 
and in about eight weeks becomes encysted, losing all its appendages 
and measuring 275 by 180 />«. 
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A succession of ccdyses results in the foiroation of the nymph, 
which resembles the adult, except that it possesses numerous 
chitinous spicules on its skin, and by the sixth to the seventh month 
is about 6 to 8 millimetres in length. 

These nymphre now wander about the host, and are supposed to 
reach the brondii, and thus to leave the herbivorous host and 
reach the dog eitlicr by the nose or mouth, in the nasal cavities of 
which they moult and become sexually mature, copulating about 
the sixtli to seventh week after infection. 

Pathogenicity. — Both the larva and the adult may be found in 
man. the former in the lung, rarely in the liver, spleen, or intestinal 
wall. The latter has but rarely been met with, and then appears to 
be due to embryos wandering into the nose and developing directly. 
Hitherto it has only been found in man in Europe and Central 
America. 

Porocephalus Humboldt, r8ri. 

Lingiiatulida with cylindrical body and continuous coelom. 

Type Species. — Porocephalus armillcttus Wyman, 1847. 

Species.— There are about twenty known species, of which P. 
Ymillalus and P. moniliformis arc known to occur in man, and will 
be described below, but Sambon suspects thatP. croiali.P. clavatus, 
P. siilcsi, and 7 ^. naja^ will probably also be found in man as scientific 
work in parasitology extends. 

Pathogenicity.- 'riiey cause porocephalosis in man and animals. 

Porocephalus armillatus Wyman, 1847. 

^ynonyTtiS^--Ad\i\t—Linguatulida armillaia Wyman, 1847 ; Penta- 
stomnm poly:^onnm Harley, 1856; Porocephalus moniliformis Neu- 
mann, 1899, pro parle. }iym]^h,~Pcnfasionum diesingi Bcncden, 
1849; 7 ^, curvzonum Diesing, 1850 ;P. leonis Weddell, 1863 ;P. con- 
slrictum von Siebold, 1852; P. prolelis Hoyle, 1883; Lingualulida 
constricla Kiichenmeister, 1855. 

Porocephalus with cylindrical body, slightly flattened on its 
antc'rior face, and surrounded by about sixteen to twenty-two dis- 
tinct rings, separated from one another by a wide interval. The 
body tapers from the middle backwards. 

Remarks. — The larva of this parasite was discovered by Pruner in 
the liver of two negroes in Cairo in 1847, and subsequently by Bilharz, 
Fenger, Kearney, Crawford. Marchoux, Chalmers, and others; while 
thci adult was discovered by Wyman in 1848 in the lungs of the 
African python. The adult was discovered by Savage in Python 
sclur and described by Wyman in 1845. Sambon has recently 
studied both adult and larva. 

Th(^ adult lives in African pythons and snakes {Python sehce, 
P. regius, Biiis nasicornis, and B. arietans). The larval forms 
usually occur in Protcles cristaius, Cynocephalus maimon, and other 
monkeys; in Erinaceus csthiopicus, the African hedgehog; and in 
Felis leo, the lion. 
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Morphology. — -Female 9 to 12 centimetres in length and 5 to 9 
millimetres in breadth, with eighteen to twenty-two rings^ each i to 
2 millimetres in width. The /TTw 

cephalothorax extends from the 
anterior end of the body to the 
first body-ring, which is often very 
indistinct. Dorsally this region 
is convex, while ventrally it is 
concave, and carries the mouth, 

in front of which there are two \\ 



Fig. 353. — Porocephalus armillaius 
Wyman: Male, Natural Size. 



(After Sambon.) 


Fig. 354. — Porocephalus armillaius 
Wyman: Female, Natural Size. 


papilhe, and on either side of which 
opening about i millimetre in front < 
Male 3 to 4-5 centimetres in length 
and 3 to 4 millimetres in breadth, 
with sixteen to seventeen rings. 
Genital opening in the middle 



0 


i'lG. 355. — Lateral Aspect of 
THE Cephalothorax of Poro~ 
cephalus armillaius Wyma-n. (X 5-) 

(After Sa 


there are two hooks. Genital 
)f the anus, which is terminal. 



Fig. 356. — Ventral Aspect of 
THE Cephalothorax of Poro- 
cephalus armillaius Wyman. (X5-) 
bon.) 


of the ventral surface at the anterior end of the abdomen. 

Life-History.— Probably this resembles that of Linguatida serrata, 
with the difference of hosts. In man the nymplun arc found not 
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merely encysted in, hch.ngsana™^^ 


( 
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Fig. 357. — Posterior End 
OF Poroccphalus armillatus 
Wyman. (X 5.) 

(After Sambon.) 


Fig. 358. — Nymph of Porocephalus 
armillatus Wyman, encysted 
IN THE Liver. 

(After Sambon, from our West 
African case.) 



and man while drinking, and become larvae and nymphae, which 
later gain access to the snake when the host is killed and eaten. 
Pathogenicity. — ^This will be described later (Chapter LXXXIII.)* 


Porocephalus moniliformis Diesing, 1836. 

Synonyms — PiAvM—Peniastoma moniliformc Diesing, 1835; P. 
monili forme Leuckart, r86o; Lingtiaiitle moniliforme Megnin, 1880; 
Porocefhalus moniliformis Stiles, 1893. Nymph.- -Pentasiomiim 
tornatmn Creplin, 1849, pro parte; P. aonycis Macalister, 1874; 
Porocephalus armillatus Stiles, pro parte. 

Porocephalus with twenty-six to thirty-one rings. 

Remarks. — This parasite, which was discovered by Czermak in 
the lung oiPvthou molurus Linnaims in 1828, and was first described 
by Diesing in 1835, has been carefully studied by Sambon, who 
rc'marks that it so strikingly resembles P. armillatus in general ap- 
pearance and structure that at first sight it may be easily mistaken 
for it. 

Morphology.- -It is more slender, tapers more caudad; with 
tw’enty-six rings in the male and twenty-eight to thirty-one rings 
in the female. In fresh specimens it is bright lemon yellow in colour, 
with genital opening on the mid-ventral surface of the first body- 
ring in the male, and on the mid-ventral surface of the terminal 
body-cone i millimetre in front of the anus in the female. 1lie anus 
is terminal. 

Life-History.- -The life-history is unknown. 

Hosts. — The hosts of the adult 'dve Python molurus Linnaeus (the 
Indian python ),Pv//n;;/ reticulatus Schneider (the reticulated python), 
in which it lives in the lungs; while the hosts of the nymph are man, 
monkeys, tigers, leopards (?), civets, otters, and dogs (?). 

Distribution. — India, Indo-China, Southern China, the Philippines. 
Sumatra, Java. 
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Pathog^iclty. So far only two cases have been recorded in man 
one at Djambi in Sumatra in 1906, when a nymph was found en- 
cysted beneath the serous coat 
of the small intestine of a 
Djambi native who died of 
dysentery, and the other was 
found in the liver of a native 
Filippino who died of tubercu- 
losis. The liver in this latter 
case showed signs of atrophic 
cirrhosis. 




Fig. 359 . — Ventral Aspect of Fig. 360 . — PorocephalHs nwuili- 
THE CePHALOTHORAX OF PoVO- for Hits DlESlNG . iS^b F eM AJ^E, 

cephalus moniliformis Diesing, Natural Size. 

1 S 36 . (X 5-) 

(After Seuiibon.) 


Species imperfectly described in Man. 

In addition to the well-known cases of porocephalosis due to 
Porocephalus armillatm and F. monilifoimis, tl ci < are 1 he (olloMo'ng 
cases to be discussed- -viz., Welch’s parasite, Oder’s parasite, and 
Flint’s parasite. Osier’s parasite is considered to be doubtful, as 
it was passed per ureihram, and might, according to Sambon, have 
been a sparganum. 

Welch’s Parasite. 

In the Lancet of November 16, 1872. F. H. Welch had an article 
on ‘ The Presence of an Encysted Echinorhynchus in Man.’ This 
parasite was damaged in extraction, and his drawing was not very 
instructive, but was sufficient to convince Cobbold, R. Blanchard, 
and Sambon that it represented a Linguatulid, and it shows two 
sets of hooks. The last-named observer comes to the conclusion 
that it may be either a very early nymph of Porocephalus moniliformis 
(provided with caducous accessory hooks), or it may be P. najee 
Leuckart, i860 (which is found in the abdominal muscles and peri- 
toneum of the cobra), or P. crocidurcB Parona, 1890 (found in 
Crocidura fuliginosa, a musk-shrew) , or it may be a new species. 
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Porocephalus mjse Lcuckart, i860. 

with about fifty 

festribution.- I^-iukI 111 cysts lutlic alKlommal muscles and pen- 
toncuni of llic (ail)ra. 

Flint’s Parasite. 

'dint (U^sci ibed tlie par.isite at a meeting ol tlie New York Patlio- 


Jo^jcai .socaetx' <in i- 


i.S/O, as occniTing in a man from 


•Mhanv, (ienrrv County, Montana, fins man had cavities in Ins 

h and cougiied up 75 " ’‘7 

t lu Hon, ■ and c7ild live for ten days m a bottle: moreover, they could 

rc.sist frc(i/ing. . .• i j 

Willi refill'd io lliesc' parasites, which at the lime wi'ie cojisiai^eci 
io h{:,P(>roc cphalus armillaius (/.c., l^enlasiomufn constneium) , Sanibon 
])()inls out that, if genuine Linguatulida, tliey can hardly belong to 
an African species, as the case occurred in .Aiiiexica, and therefore he 
is inehned to believe that tlicy must belong toP. croiali Humboldt, 
itSoiS, wliif'h are found as adults in Crolalus adamant ms Beauvois, 
(\ Iwryidus Limueiis, and C. lerrificns Laurent, w'hile the nymphse 
have hecn found in Marmosa mnrina LiniuTus, the murine opossum. 


Porocephalus crotali Humboldt, itSocS. 

Synonyms, Of ///ve/r//37n7/7/6' croiali Humboldt, 1808; Distoma 
crotali Humboldt, iSo<S; Disioma croiali durissi Rudolphi, 1809; 
Porocephalus croiali Humboldt, 1^11 \ Poly stoma prohoscidcum Ru- 
dolphi, \ Penlasloma prohoscidcum Rudolphi, Linguaiiila 

proboscidca \’a,ii Ihaiedf'n, 1841), pro parte; Porocephalus Jwmboldii 
Mayer, 1852; Lim^iiatula quadriunc inala Mayer, ; Porocephakts 
monilijorniis Megiiiii, i<S8o, pro parte. Nymph. —Pm/a.s/ema sub- 
cyiindricum Dicsiug, 1836. 

Remarks.-— This ixiroceplialus was discovered by Humboldt in 
the lungs of t he tro])i(:al rattlesnake. 

Morphology.” tMuai fresh, it is of a bright yellowish colour, with 
elongate, incurved, cylindrical body, somewhat flattened ventrally 
and chil)-slia])('d anteriorly', and is transversely encircled by over 
eighty flat l)ands. It is said to have an ovoicLshaped mouth oil a 
line wi1h tlie hooks, and two jnominent papilkr. 

Distribution, It is Ihought to be coextensive in its distribution 
with the genus Crolalus- i.e., tlie United Stales, Miixico, and 
Brazil. 

Pathogenicity. — Ikissibly it is the cause of one form of poro- 
cephalosis in man. 
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CLASS IV. CRUSTACEA Lamarck, 1815. 

Aifuatic Arihropoda wliich breathe by means of gills. 

Crustaceans can hardly be considered as human parasites, for they have 
vtiry rarely occurred as such — e.g., Caligus cuvtus in the cornea, and Gammarus 
piilex in the stomach. 


ORDER COPEPODA L treilk , i<S3i. 

It must, however, lx. remembered that U e Copepoda are of importaiice, 
because a species of C yctobs has been found to be the intermediary host of 
DvacimciUus medinensis , the guinea- worm. An excellent pai)er on the species 
found on the Gold Coasi is contribuned by Graham to vol. i. of the ‘ Annals of 
Tropical Medicine and Parasitology.’ The Cyclops live in fresli water in any 
ditch, pond, or well. 

Prophylaxis. — It is lecommended to treat a well with sulhcieiit (piick- 
lime to render the water sudd(mly hot in order to kill these crustaceans. The 
well must, of course, be closed for some time after this proceeding, until the 
[percentage of lime has diminished to reu,sonable proportions. A simpler 
remedy is to boil all waiter before drinking. It has been also suggested to add 
I pound of caustic soda to i8o gallons ol waiter 0*07 per cent, for the same 
purpose. Leipor’s recommendation is, however, the best, and this is to raise 



the fempiu'ature of tJic wcll-watfU' to 65° C. by blowing in steam, as he finds 
I liat all Cyclops die if (he water is raised to 35° C. He calculates that it 
rt'quires 87 gallons of water as steam to raise 1,000 gallons of water from 15° 
to (p 5° C., and that this requires i pound coal or its equivalent in oil per 
gallon of water, and that for every sijiiare loot of grate 15 pounds of coal can 
1)0 burnt per hour, so that if the grate is i square foot it will require 1^ 6 

hours to raise 87 gallons of water as steam — i.c., 12 square feet of grate give 
90 gallons of water as steam in half an hour. 


kLASS V. CTIll.OPODA Latreille, I^>37 . 

Arihropoda with three pro^ iiiomeres. The first post-oral somite is the 
mandibular; the second and third post-oral somites carry the maxillae, while 
the fourth has its appendages converted into very large powerful jaws, which 
are provided with poison glands. The remaining somites carry single-clawed 
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• Qomite Body anomomeristic, showing from 

walking-legs, one pair c ^,,'j-ries the poison glands. They breathe 

17 to 175 the penultimate somites, 

by trachea3, and the genitaJ ducts open on f 

Family i ScolopendridaD. 

Faimly 2 Lithobiidm. 

F;)TniJv 2 Scutiecridas. 


b'AMiLV i; ScoLOPExNTDKiod]: Loacli, 1812- 

(.hUoi>o(la willi antenn.'i\ possessing few joints, and with few ocelli. 

Genph'ilus carpojPagus Leach, G. elcctricus Linnaeus, G. cephalims Wood, 
(j. siw'ilis J>eacli. have been found as accidental parasites about nineteen times 
j 11 the nasal cavities and thiur neighbouring sinuses in man in Kurope. G. elec- 
tnens lanna us has hi'on found in the alimentary canal about lour times. 


Family 2 ; LrniOBiiPAi Newi^ort, 1844. 

Chilopoda with many-jointed antenna;; numerous ocelli. 

Lithobiiis Jorhficaiiis L. and L. niclanops have been found in the nasal 
cavities in three cases in man. 


Family 4: Scutigerid.t: Gervais, 1837. 

Chilopoda with antennae at least as long as the body, and faceted eyes 
instead of ocelli. 

ScuHgera coleopifata has been found in the alimentary canal. 

Other species iound in the alimentary canal are: Chcetechelyne vesuviana 
Newport (iound idsoin tjie nasal cavities), Htm-aviarhim gervaisi, SUgmatogasier 
siibievrancus. 

Pathogenicity. — In the nose these parasites cause inflammation with, at 
times, no flow of nnu;us, and at others a large discharge of it, associated wdlh 
headaelie, which is geiKually more or less continuous, but may show remis- 
sions. In addition to these local symptoms, general symptoms such as con- 
vulsions, anginitoim attacks, dyspnoea, etc., may be inducedthrough irritation 
of th(‘ fifth iK'rve. 't hen' is no evidence that these parasites cause any ot the 



LKi. 3()2. SCOLOPENDRA SPKCIES (?) 

(lies IS a very common species in Ceylon.) 

syinptoins by their venom. They are generally expelled in attacks of sneezing, 
or spontaneously. The best mctliods of making them leave the nostrils are 
applications of snuff, eau-de-Cologne, or turpentine; but in some instances 
it will 1)0 necessary to ojien a sinus — c.g., the frontal sinus — by surgical means 
in order to remove the parasite. 

In the ahmentary canal the symptoms will give rise to the suspicion of 
helminthiasis, they are pain in the abdomen, cramp, nausea, vomiting, 
and reflex nervous |symptoms. 

Treatment does not appear very satisfactory. 
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CHAPTER XXIX 

THE HEXAPODA 


Synonym -Remarks — Morphology — Internal anatomy— Life-history— Habits 
Jxncmies Pathogenicity- — '^'ollection — Classification — References. 

Synonym Arthropoda breathing by moans of tracheae, 

with aiitenme on the head, thrcie pairs of legs, and usnelly two pairs 
of wings on tlie thorax, which is composed of three segments. 
Abdomen with generally nine apparent segments. 

Remarks, t he ITcxapoda, or insects, are known to be of the 
utmost importance in the spread of disease, for the researches of 
Manson, Ross, Grassi, and otliers have shown that they are agents 
in the propagation of the peirasites of filariasis, malaria, and other 
diseases. 



Fig. 3 63. — Culicoidcs brucei, a Typical Dipterous Insect. 

(From a photograph by ) . j . Bell.) 

Morphology. — The body is distinctly divided into head, thorax, and abdo- 
men. The head is compo.sed of the fusion of about six segments, whjeh arc 
the ocular, antennal, intercalary (probably homologous with the second 
antennal segment of the Crustacea), mandibular, maxillary, and labial; but 
whether the hypopharynx represents a seventh segment or not is doubtful. 
The head carries, in addition to the eyes, four pairs of appendages, one for 
each somite or segment, except the intercalary segment, which is pre-inan- 
dibular. These appendages are the antennae, the mandibh^s, the maxillae, 
to which are attached palpi called the maxillary palps, and a second pair of 
maxillae usually fused to form the lower lip or labium, whicli generally carries 
a pair of labial palps. 


74.1 
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The exoskeleton of the liead is composed of scleriles that to say, more 
densely chitinized regions of the integument — which are. (i) T.he clypeus, 
(2) the epicranium; (3) the gula. 

The cJypeus is the scleritc situate on the anterior portion of the dorsal sur- 
face, and carrying the labruin; in flies it is often called the face. 

The epicranium is the larger part of the head, and may be subdivided 
into an anterior frons and a posterior occiput. The gena3 form the sides of 
the head, meeting the e^picranium and the gula at the occipital foramen. 

The gula is the scleritc in the median ventral line which carries the basal 
part oi th(“ labium called the submentum. There is no exoskeleton at the 
])osterior part of tlie head ventral to the occipital region, wliich thus forms a 
foramen in the hard tissues called the occipital foramen, through which the 
soft structures of the head communicate with those of the thorax. 

The antenna; a})pcar to be sensory organs, and the mandibles to vary in 
structur(‘ according as to whether the mouth is to be used for biting or sucking. 
In the former case tlu'y are broad and strong, while in the latter they are 
stylilorm. The first pair of maxilla;, similarly, may be broad, strong organs or 
styliferm organs. 



Fig. 304 .--Wing of a Mosquito to illustrate the Venation. 

(Fiom a photograph by J . j . Bell.) 

In addition to these appendages, the mouth shows an upper lip or labrum, 
which is simply a scleritc attached to the cephalic shield, and may have a 
median projection from its internal surface called the epi pharynx, while the 
labium has a similar one callml the hypopharynx. Thus the mouth parts of 
an insect may be very complicated, with labrum and epipharynx, mandibles, 
inaxilla*. and maxillary palps, labium, and hypopharynx. 

The thorax is joined to the head by a neck, and is subdivided into three 
segments — prothorax, mesothorax, and metathorax. These somites are by 
no means simple horny rings, but have their chitinous exoskcleton split up 
into hard pieces joined together by soft material. The hard pieces are a dorsal 
plate called ' the notum,' a ventral plate called ' the sternum.’ and lateral 
plates called ‘pleura.’ Further, the terms, ‘pro,’ ‘ meso,' and ‘ meta,’ are 
applied to these, indicating the region to which they belong — ‘ pronotum,’ 
‘ mesonotum,’ and ‘ raetanotum ’ ; ‘pro-,’ ‘meso-,’ and ‘metasternum’ — 
while each pleuron is divided into an anterior episternum and a posterior 
epimeron. According to Audouin, a typical thoracic segment should have 
a notum composed of praescutum, scutum, scutellum, and post-scutellura, 
but all these parts are seldom seen. 

Each somite of the thorax carries a pair of jointed walking-legs, in which 
the segments or articles are named coxa, trochanter, femur, tibia, and tarsus 
(consisting of several joints, the first joint of which is sometimes called the 
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metatarsus) ; some authorities have caused much confusion by calling the 
first tarsal joint the metatarsus, and the real second tarsal joint the first 
tarsal joint, and so on. Ihe last tarsal joint is terminated by claws or ungues, 
between which other appendages called erapodia and pul villi are to be found, 
as will be explained later. 

Typically, the mesothorax and the metathorax should each carry a pair of 
wings. These are transparent and strengthened by ncrvures, ribs, or veins, 
which are chitinous canals containing blood-spaces, nerves, and tracheae. 
The areas between the nervures arc called cells. The wings, however, become 
much modified in the different orders, and may be entirely absent. The 
arrangement of the nervures in the wing is called the ' venation ’ and has 
been restudied by Comstock and Needham, who find that the primitive type 
is composed of two inain tracheal branches, an anterior and a posterior. 
The anterior breaks up at the base of the wing into four longitudinal branches 
— the costa, subcosta, radius, and media — -wliile the posterior ha,s also four 
branches, of which the first is called the cubitus, and maybe subdivided into 
two ; and the other three are simple, and are called the anal veins — first, second, 
and third. The costal vein is unbranched, and runs along the anterior margin 
of the wing. The subcostal vein typically divides into two branches, the 
radial vein into five branches, and the median into four. 

This primitive type is altered by atrophy or coalescence, leading to the 
reduction of the veins. The latter may take place from the base towards the 
tip, or from the tip towards the base of the wing, called outward and inward 
coalescence respectively. The wing cells may be named as follows; — 

1. Co.stal Cell, between the Costa and the Subcosta, 

2. Mediastinal, between the Subcosta and the Radius. 

3. Marginal, between Radius i and Radius 2. 

3. First Submarginal, between Radius 2 and Radius 3. 

5. Second Submarginal, between Radius 3 and Radius 4. 

6. Third Submarginal, between Radius 4 and Radius 5. 

7. First Posterior, between Radius 5 and Media i. 

8. Second Posterior, between Media i and Media 2. 

9. Third Posterior, between Media 2 and Media 3. 

10. Fourth Posterior, between Media 3 and Media 4. 

11. Fifth Posterior, between Media 4 and- Media 5. 

12. Sixth Posterior, between Media 5 and Cubitus i. 

13. Seventh Posterior, between Cubitus i and Cubitus 2. 

14. First Anal, between Cubitus 2 and Anal 1. 

13. Second Anal, between Anal i and Anal 2. 

ib. Axillary, between Anal 2 and Anal 3. 

17. Spurious Cell, behind Anal 3. 

But all these cells are not present in any one given type of wing, owing to 
coalescence of the nervures, and hence the arrangement of the cells is different. 
Besides this, the venation is complicated by the presence of transverse veins, 
as will be explained later; moreover, wings may be absent, as in the lice. 

The abdomen usually consists of ten somites, without appendages, com- 
posed of dorsal and ventral plates connected together and to preceding and 
succeeding segments by soft membranes. I'he posterior segments arc often 
modified with reference to reproduction, p^.sscssing claspers in the male, and 
ovipositors in the female. The anal opening is on the last abdominal segment , 
and the reproductive aperture on the penultimate segment. 

Internal Anatomy. — The mouth lies between the labrum above and the 
labium below, and leads into an oral cavity. 

The salivary glands in most of the genera which we have to consider are well 
developed, and are, as a rule, not connected with the mouth, but open into 
a common duct which communicates with a groove or canal on the hypo- 
pharynx, and so opens near the tip of the proboscis. 

From the mouth a pharynx leads through an oesophagus, with a dilatation 
called the crop, into a proventriculus or masticatory stomach, which 
communicates with the mesenteron or chylific ventricle, whose juncture with 
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the intestine is defined by the openings of the caecal Malpighian tubules. 
This is an important landmark, defining where the stomach ends and the 
intestine begins. 'I'lu' intestine is subdivided into small intestine, colon or 
large intestine, and rectum. The last-mentioned may possess rectal glands, 
while anal glands may open into the n^ctum just in front of the anus, and are 
iis(4u] totheinsect Ijy forming the seciadion which gives rise to repulsive odours. 

With regard to tlie ])roventriculus, it should really be a powerful muscular 
oigan Jiiu'd wjtli eliitin, and possessing te{;th, bristles, etc,, but in the Diptera 
it will be found to 1 h‘ much degenerated. The Malpighian tubules, which 
number from four to six, are excretory in function. The alimentary canal 
])oss(‘sses longitudinal and tra.nsverse muscular coats a.nd a jlining of epithelial 
cells. 



I’Ui. p)3.- /7/////;7 u.s /nibis Ltnn.®us, 1758. to im.esxRA'rK an Insect 
wimoxTT WiNos. 

(h'rom a ])h()tograph by J ). T>ell.) 

Th<r stigmata or openings of the n^spiratory system are situate on the 
membranes, o]t the side of the body, in the thorax and abdonHui, and arc very 
\'aried in nuinln'r. d lu^y are lU'ver to be found on the head or on the last 
abdominal segment, loom tlie stigmata, the traelu'm, or air-lubes, ramify all 
over the body. d'hes(‘ trachea- art' kt'pt open by spiral lltickenings of the 
chitinuus lining nu'mbrant'. 

Th(' fat-l)odi('s art* lobulalt^d masst's packt'd beneath the skin and between 
the organs, and are supjxased not meri'ly to represent rest'i vt' material, but to 
bt' of great importance in metabolism. 

The circulatory svstem consist:^ of a dorsal longitudinal vessel divided into 
chambers, whu h {mlsalty and an anterior aorta, from which blood flows freely 
into tlit' c.tvlom or btidy cavity. Idom this it returns to Hit' heart by two 
lateicd vi'sscls and oiu* dorsal .ind out' \entral vessel. Tlit- blood is colourless, 
ami contains amtcboid cells. 

As alrt-ady meiitioiit'tl. some insects jiossess poison glands. 

4'he m‘i\’ous system and st'iist' organs will not bo described here, as they are 
not ol importaiUH' in tr<t])ieal mediiane. 

The male rrpiaiduct i ve t)rgans consist of Icsli's. \asa deforenlia, ductus 
ejaculatonus. and an exti'rnal copnlatory organ. The female reproductive 
organs a.re two ovaries, which ccuisist of a series of egg-tubes, and oviducts, 
which are united logetlur to f«)rm the single oviduct, the lower portion of 
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wliich is a vagina. This receives the cement glands and the sebaceous glands, 
which provide the secretion for gluing the eggs together, and the reccptaculum 
serninis, beneath which is the bursa copiilatrix, which is sometimes separated 
from the vagina. 

Life-History. —This isve^ry varied. In goiieral tonns the spc'iina- 
lozoa, bound into bundh'S of spcTmatojdioi’cs, arc introduced l>y 
the external copulatory organ, which, wlien protruded, is surrouiuUxl 
by the claspers in the form of a sheath, into the bursa copulalrix. 
The ovum, starting from the terminal portion of tlu' ovarian tube, 
obtains, as it passes downwards, its fo(/d-yolk and its sliell or mem- 
brane, th(^ chorion, wliich has a small gap, t he micr()])yl(s On arrival 
at tile junction of the oviduct and the s])ermatlieca, or reccptaculum 
seminis, the spermaiozoa enter via tlui micropyhs and fertilize the 
egg. These eggs may be strung together, as t hey are laid, into masses 
by means of the sebaceous secretion mentioned alxive. d'he egg may 
develop directly into the adult, but tins is only in the* lowest forms. 
Usually tlu‘ egg develops into a. larva., which beconu'S a nyin])h or 
pupa,, and this into an adult, ofUai calle^d tlic^ ‘ imago.’ 'Fliis serii's 
of clninges is called a metamorphosis. The piupa may prestait 
three forms: 

1. The free pupa, witli ap[>(‘iidag('s fiaie. 

2. The obLcct pupa, with apjxaidages and body l)Ound togetluT. 

3. The coarctale papa, in which the pupa is cont aim'd in a. pupa- 
rium formed from the larval skin. 

The larva is a most vigorous feeder, but the pu])a does nol lak('. 
nourishment as a rule, tlipugh th('.re arc', marktal excc'plions, (^s])e- 
cially among the Rhynchota and Sij^hunculala. 

Habits. -UT axe mainly conceriK'd wilh tlu' ])r(;datory or blood- 
sucking insects. As a rule, only the female sucks bl(K)d, which, 
apparently, it does with a, view of obtaining rich nourishment for 
its eggs. It is this habit wliich makes these insects of importance 
in tropical medicine, because not merely does it cause irritation 
by the introduce ion of secretions from the insects’ salivary glands 
and mouth (alimentary canal), but also leads to the introduction 
into the victim of tlie germs of disease. Again, as we shall s(‘e later, 
larv;e are apt to become parasitic in man and animals, and in this 
way cause disease. 

Enemies. — Insects and their larvae have many enemies in birds, 
reptiles, tish, and other insects. Cannibalism is also met with, 
especially among mosquito larvie. 

Pathogenicity. — -The principal disease-spreading insects arc the 
Dipt era— for example, the Anophelince dissinninate malaria, the 
genus Slegomyia yellow fever, and the genus Culex filariasis, and 
perhaps dengue fever. Some species of Glossina arc responsible for 
the African trypanosomiases, while they and other flies spread the 
animal trypanosomiases. 

In addition, the common house-fly is an important factor in tlie 
dissemination of . typhoid and perhaps dysentery in tropical 
countries. Fleas are now known to be the spreaders of plague, 
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and bugs perhaps (d some of the relapsing fevers. This is a suffi- 
cient list of ills to commend insects and their habits to the serious 
notice of the medical practitioner of the tropics. 

How to Collect Blood-Sucking Flies. —Mr. Austen, of the British Museum. 
(Natural History), has informed us that he will be pleased to send anyone, 
on application, a pamphlet giving full directions as to the collection and 
preservation of blood-sucking flies. 

Classification,- The Hexapoda are classified into the following 
orders:- - 


1. Apt era. 

2. Nthiroptera. 

3. Orthoptera. , 

4. Mallo])haga. | 

5. Thysanoptera. 

6. Hemiptera. ' 

But the only orders which contain 

of disease or as human parasites are:- 

1. Anoplura. 

2. Mallophaga. 

3. IT(Mni})tera. 1 


7. Anoplura. 

8. Dipt era. 

9. Tepid opt era. 

10. Hymenoptera. 

11. Siphonaptera. 

12. Coleoptera. 

species important as spreaders 

4. Diptera. 

5. Siphonaptera. 

6. Coleoptera. 
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MALLOPHAGA AND ANOPLURA (LICE) 

General remarks — Mallophaga — Anoplura — Pediculidae — Pcdiculinae — 
Haematopinidac — References . 

GENERAL REMARKS 

The wingless insects which occur as ectoparasites on mammals 
belong as a rule to the Mallophaga and the Anoplura, when they are 
generally called ‘ lice/ or to the Siphonaptera, when they are 
called fleas, while some few belong to xhePupipara. 

The Mallophaga (biting lice) and Anoplura (sucking lice) , however, 
differ from the Siphonaptera (fleas), in that in the former the whole 
of the life-history is spent upon the vertebrate host, while in the 
latter the larv<e live in soil or in protected areas in houses. More- 
over, the fleas can change from one host species to another, while the 
lice have an extraordinary limitation, as they may spend genera- 
tions on individual hosts, and generally only change from one host 
to another of the same species by actual contact, and as a rule die 
in a few days if separated from a host or if a host dies. 

This limitation to one given species of host has been ably 
demonstrated by Kellogg, who has pointed out that it explains 
many of the curious features of their evolution. 

Kellogg and Mjoberg believe that the Mallophaga and the Anoplura are 
fairly closely related to one another. They think that it is possible that the 
Mallophaga arc the more primitive, especially as no Anoplura are known on 
marsupials, while Mallophaga are present, which they think points to the 
possibility of these mammals being older than the sucking lice, especially as 
the known genera of two-clawed Mallophaga found on mammals are limited 
to marsupials, while the two-clawed condition is common to the Hexapoda 
generally, while all the Anoplura found on mammals are one-clawed. 

It is possible that the ancestors of the Mallophaga may have been related 
to the ancestors of the book louse (Airopos divinatoria) , which belongs to the 
Psocidae, a family of the Neuroptera, there being perhaps a common psocid- 
mallophagan ancestor, from which, by process of evolution, the Psocidae and 
the Mallophaga, and later the Anoplura, were evolved. The difference in the 
mouth parts of the Mallophaga and Anoplura is looked upon as being adoptive 
rather than palegenctic in character. 

The relationship of the Psocidae to the Mallophaga lies in the common 
external and internal characters, as well as in their habits, and more especially 
in a very curious pharyngeal sclerite, which is thought to be a modified hypo- 
pharynx, which is found in both these groups and nowhere else in the 
Hexapoda. 

Once started on their evolution, the Mallophaga have been influenced 
mainly by the fact that they live in a sort of ' island isolation ' on given 
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species. This condition ol life, which is exactly similar for many different 
species, is suitable for the production of many varieties of one and the sa,me 
si:)ecies. and hence the descri]>lion of a given species has to be of a very flexible 
character, but it is oj)posed to the production of those more distinctive 
differences which are utilized to make genera and families. 

Henct', althougli in these orders the varieties and species may be many, 
the genera and families are but few in number. Thus, for example, in the 
Malloi)liaga. there arc about 1.500 known species grouped into 27 genera, 
4 famiiies, and 2 suborders. 

d'lie iiiijioi laiil riKc‘ bet\V(‘Ui the Mallofiluiga and tho 

/.nO})JiiJa is t hat flu lonnt r liava^ a masticatory in outli, while the 
lalter fia\’(; a sucking mouth. 

ORDER MALLOPHAGA Nitzsch. 1818. 

Synonyms. M u ndibiilaid De Geer, 1785; Ruinidte. 

Nomenclature. t he nanK^ Mallopliaga is dmixed from //aX\6s, wool, and 

(f)aytii>, l(t C'at . 

Definition. Ilexapuda usually of sm;dl size, wingless, jirovided witli 
biting inoutli jiarls and with sim]>lr iiicompkde metamorpliosis. Habitat, 
epizoic: parasites on birds and mammals. 

Historical.' i'he first descriptions and illuslralions of these aiiimu.ls are 
to be found in ih'di’s ‘ Espenenze: intorno alia Geiioraziono degl’ Insetti,’ 
l^ublished in Idorcnce in j(>08, where Ihe illustiation 011 Plate 2, called ‘ Pollino 
de Piccion Chijsso,' is tlu' same as Liuna-His' Prdioul'us coluniba:, or pigeon 
k)us(‘, and Nil/st h’s JJpuyus haculus, a name by whic.li it is still known; while 
thi‘ iigure tea med ' Pollino dell’ Arzavola o Porqiu'tola ’ 011 Plate 12 is the same 
as Nilzseli’s 'I riHoton luridiini, the duck louse. Limiams elassihed all these 
bird Ills' under tlie geiiej-ie li'rm of ‘IVdicnlus,’ from which they were 
separattal by 1 )(' (‘.ceT', in 1783. undc'r tlu' term ‘ Kicinus,' because their masti- 
catory mouth, eiialiling them to eat pieci's of skin, hairs, and feathers, distin- 
giiislied tJiem li'om llie lilood-sucking sp(*cJe.s, for which tho name ‘ Pediculus ' 
was rcdaiiK'd. 

d'he name ‘ luciiins ’ was eliaiiged inti.) ‘ ISliinuis ’ by Plermann in 1804, 
whil(' the wliole of the sp(*cies known at tlur lime were classified and named 
by Nitzsch in 1818, since which date our knowledge ot these parasites has been 
incrc'a.'s'd l)y Dimny lu lo.jz, (debel in 1874. Piaget in 1880 and 1885, Taschen- 
berg in 1882, Ki'ilOgg in i()o8, 1914. and i(U4. as well as by many other 
observers whose papers may be found in the Piilltiin of Eniouwlogical Research 
and in tlie Avnals and Magazine of Natural History. To all these works the 
reader is reh'rred for .i fuller knowledge of these iiilerestiiig parasites than that 
which can be given in the present work. 

Morphology, 'fhc Mallophaga vary in size from 1-5 to 10 mm., and tiom 
1-2 mm. in brcsullli, but the majority are small, about 2-5 millimetres in length. 
'The body is strongly cdiitinized, smooth, wingless, and flattenenetl dorso- 
venlrally. Tlie mciuth parts nri' ol the biting tyjie, with well-developed 
mandibles, und in sc>me .s]>eri<'.s the labial ])alps are easily seen. Tlie eyes 
are represented by a single pair of ocelli placed at the lateral margins of the 
head. The anteniue an* ^'5 segmented, and may be concealtHl in a groove, 
or the vt ntiai .ispeel of tlie cheeks, or ma}'’ be exposed. 

The prothorax is distinct, but the meso- and meta-thoraces are sometimes 
united, and may also be with diflicnlty dilferentiated from the abdominal 
segments. The k'gs are flattened, long, and strong, and end in one or two 
claws. 

The body varies in colour, being whitish, pale brownish, or dark brown in 
colour, and marked by darker spots and bands, which are caused by chitiniza- 
tion. 

The pharyngeal sclerite may be present or absent, as may be the accompany- 
ing glands ; the crop may be simple or have a sac-like diverticulum. Ingluvial 
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glands may be present or absent, and the testes may number lour to six and 
the egg tubes three to hve. 

Life-History. — Owing to the fact that these parasites die in a lew hours 
to seven days if removed from the body of the host, and also in a few days if 
the host which they do not leave is killed or dies, the life-story of not a single 
species has so far been completely worked out. It is, however, known that 
the eggs are fastened to the hairs or leal lie rs of the host, and that the young 
when hatched are like the parents, but smaller, jialer, and without characteristic 
skin markings; they attain their adult characters without metamorphosis. 

They run freely ciboul the host, feed upon hairs and feathers, and very rarely 
upon dried blood, and usually pass from l.)ird to bird or cinimal to animal by 
contact, being rarely found away from the host, wiiich they probably slightly 
irritate, because birds are seen to be conslantiy chianing their feathers. They 
have been found to be parasitic on about 100 species of manimals, representing 
4S genera, 2^ families, and 5 orders, and j,ioo bird species, or orders of 
birds out of a total of ^5 orders. 

Ciassifleation. -The t^i'hicipal factor whicli has inihienced tin* (wolntion 
of this curious grc)iip of animals is isolation, (sich host Ixdiig, according to 
Kellogg, like a small islaiul, so that each species is made up ol many dislocated 
small groups, and this is why each specii^s has to be given a very flexible 
description, and why many varieties might be m.ide from one spi'cies. This 
condition of life is opposed to producing largi'r va.riations, which might be 
used to make genei'a and familic's, a.nd the lih‘ t:onditions of many of the species 
are very similar. Hence varietal siiecitic dis.tinctions are many, and generic 
and family few. 

Hence .some; 1.500 speudes are known, whicli can be' divideul into two sub- 
eirde.'rs, eacVi .] Ia,mili(;s and 27 gcnc;ra. Thc^ mammalia-in testing families are 
only two in numbi'r. Hie Gyopidida' and Trichodexdiitidas, characterized liy 
having two-clawed memlx'rs, and csudi of those families by only one genus. 
Tlie bird-iiifcstiiig families are also two in number, a,iicl have rc;speclively 15 
and 10 genera. 

The following table gives Hie dilferenti.'ition ol the suborders’ familie^is ; — • 

SU 130 KDER 1: iSCHNOCERA Kkllugg, i8()f). 

Antenna; exposed, filiform, tiiiee- or livc-segmcntixl, no maxillary palpi, 
mandibles vertical, croy) with sac-like diverticula, ingliivial glnauls y^rcsent, 
testes four, egg tidies hve. 

A. Antenna; three-jointed, tarsi one claw. Habitat, mammals — 
TfichodcclidcD. 

13 . Antenna; live-joint('d, tarsi two claws. Habitat, birds- -PhiloptevidcB. 

SUBOKDER 2: AIMBYCEKA Ivellogg, 1896- 

Antcnna; lamcealed, clavati' or capita.to, foui -s(;gmented, maxilla.ry yxilpi 
present, mandibles horizontal, croya single, iiigluvial glands absent, testes 
six, egg tubes tliree to hve. 

A. d'arsi with one claw. Habitat, mammals — CyropidcD. 

B. Tarsi with two claws. Habitat, birds -LiotheidcD. 

Th(' genera parasitic on mammals may be recognized as follows:— 

SIJBOKHEK ISC'HNOCERA Keixogg, 1896. 

Famii Y TKiciioDECTiDiE Burmoistcr, 1835. 

This family contains only one genus, I'richodectes Nitzscli, 1818, wliich is 
parasitic on mammals and has tarsi with only one claw. 

SUBORDER AMBYCERA Kellogg, 1896. 

Family Gykopid.® Burmeistcr, 1835. 

This family contains only one genus, Gyropus Nitzsch, 1818, parasitic on 
mammals and with tarsi armed with only one claw. 
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ORDER ANOPLURA Leach, 1815. 

Svnomxas —Pcdiculim Burmeister, 1835; Siphunculata Meinert, 
1891; Pseudorhynchoia Cholodkowsky, 1903; Upognatha BSrner, 
1904; Ellipopte?a Shipley, 1904. • • j ^ 

Definition.— Hexapoda with labrum and labium joined together 
to form a rostrum or proboscis, vvliicii is armed with recurved 
booklet s,' and contains a hollow extensile sucker formed by tin 
mandihics and maxillie. Eyes without facets. Antenna five 
jointed. Thorax with little traces of segmentation. Wings absent . 
ix'gs with hook-like terminal joints, suitable for clinging. Last 
abdominal segment rounded in male, notched in female. Meta- 
morphosis incomplete. Habitat, epizoic on mammals. 


Historical. The sucking lice were known to the ancients, for Aristotle 

was acquainted with the pubic louse, wlnle references can be found in the works 
0/ Theophrastus. J.hoscuncles. Ckilen, and Pliny. 

The n'orc modern waters .ire Motial. lOj-h Camerarms 1O52, Kedj, i 66 b, 
Leuweiihock, 1097. Swainmerdanini in 1757, several of whom give excel- 
lent figures of these para.sjt(!S. 

In i7,sy Linnieas, in his ‘ Systema Naturae. ' gathered a heterogeneous collec- 
tion of species, including some of Mallophaga and Anoplura, in his genus 
PedicuJiis; and in 1813 Leach gave the more commonly used name to the order, 
which included the Mallophaga as well as the sucking lice. 

We have already seen how the species of Mallophaga were separated from 
tliis composite genus Pcdiculus, and it now remains to point out that Leach 
in 1815 created the genera PhihiHus for Pediculus pubis and Hamatopinus 
for Pediculus viiuH, P asini, and P. suis. 

Later important investigations were made by Nitzsch, 1818, Burmeister, 
1835, Dcimy, 1842, (hebel, 1874, Piaget, 1880, and especially by Enderlein 
in his ‘ Liiuse Studieii,’ published in 1904, and by Della Torre in 1908. 

We have seen that Mjoberg and Kellogg consider that the Anoplura are 
derived from ancestors common to them and the Mallophaga, being separated 
by the alterations induced by sucking blood. 


Morphology. — Hic anaioniy will be dealt with under the heading 
Pediciili(he, and need not detain us here, except to invite atten- 
tion to the characters of the mouth parts, which are so modified 
as to form a sucking mouth, while the pharynx performs the role 
of a sucking puiu]). 

Classification. — The order is divided into four families, some of 
which are capable of being subdivided into subfamilies. The number 
of genera is 15, and the known species are about 100, which are all 
parasitic on mamnnds. 

The following table, taken from Della Torre, enables the families 
to be differentiated: — 


A. Head not prolonged into a nozzle-like projection. Antennie 
three to live segments. Tibia with a thumb-like process. 
Tibia and tarsus very short and thick. Legs clinging 
in character. 

1. Body flattened. Mesothorax and three to eight 
abdominal segments, with stigmata. Antenna three 
to five segments. Tibia with thumb-like process. 
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(a) Head broader than thorax. Eyes large pig- 
mented. Pharynx short and broad. Proboscis 
short and pressed against thorax — PediculidcB 
Leach, 1815. 

{b) Eyes very small or absent. Pharynx long and 
narrow. Proboscis very long — -HcematopinidcB 
Enlcrlein, 1904. 

II. Body thick and heavy. Mesothorax, metathorax, 
and two to eight abdominal segments, with stigmata. 
Eyes absent. Back part of the head widened back- 
wards. Antenme four to five segments. Tibia 
with short strong thumb-like process. Thick short 
spines on the body. Female gonopodia elongated 
and narrow — E china phthir idee Enderlein, 1904. 

B. Head prolonged into a nozzle-like projection, at the anterior 
end of which lies the mouth opening. Antennae five 
segments. Tibia without thumb-like process. Tibia 
and tarsus very long and thin. Legs not clinging in 
character — Hesmaiomyzidta Enderlein, 1904. 


Family i: Pediculid^e Leach, 1815. 

Definition. — Anoplura with flattened body, and head not pro- 
longed anteriorly into a nozzle- like projection, with large prominent, 
pigmented eyes, three to five jointed antennae, and short proboscis. 
Pharynx short and broad. Paroglossae (fulturae) very strong and 
broad, with broad arms. Stigmata on mesothorax and third to 
eighth abdominal segments. Legs suitable for clinging. Tibia and 
tarsus thick. Tibia with a thumb-likt? process. 

Remarks. — The Pediculidae are found all over the world, on man as well as 
on animals. They cause much irritation by their bites, which may become 
infected, causing impetigo. Apart from this, however, they have recently 
l)ccn suspected of spreading blood-parasites — e.g., Trypanosoma lewisi and 
Hamogregarina gerlnlli — which are believed to undergo development in them*, 
and, in addition, they contain parasites peculiar to themselves — e.g., Herpeto- 
monas pediculi. 

Morphology.' — The head is usually clearlj^ defined, but the thorax may or 
may not be so well defined from the abdomen. Eyes may be present or 
absent — a fact which appears to depend upon whether the host is nocturnal 
or not in its habits. The antennae are usually five-jointed. The mouth con- 
sists of a proboscis, composed of labrum and labium, which is armed with re- 
recurved hooklets, and contains the maxillae and mandibles, wliich take the 
form of a suctorial tube. The thoracic segments arc fused together. The 
thorax may be as broad as the abdomen, or narrower. There are no wings. 
The legs have four segments, of which the terminal one carries a strongly 
curved claw. The abdomen has, if statements can be trusted, a various number 
of segments, differing in the different genera. 

The last segment in the female has a slit-like opening guarded by two 
chitinous plates, while in the male there is in the same situation a horny 
papilla surrounded by spines. 

Internal Anatomy. — Christophers and Newstead have studied the anatomy 
of HcBmatopinus .^tephensi Christophers and Newstead, 1906, parasitic on 
Gerhillus indicus (the Indian field-rat) .| 
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^nnsists oJ a mouth followed by a chitinous pharyngc- ; 
The alimentary canal cons^ salivary glands open, and an oesophagi, , 

pump, into which the ducts canal consists of tw,. 

Wch leads into m'^'S ' ^rs to be a crop and the second a chyhfi, 

portions, of winch .^’f *^M.;Zfghian tubules. The intptme shows no differ, 
ventricle. ^ ^erc a e fo^ M P 8 jg globular with a distended 

entiation into rectal papill®. The fat-body is well developed. 

postcriorpoitionconummgt .P P with oviducts Each 

The female geiioratn c org. j The two oviducts unite into a 

mary consists ol ^ sperinatheca. The male organs are testes, 

va«i"letc'entia, ^rXch -W' a U the bail's of the host, give rise 

hJrvie.'vdiich closely resemble the adults. 





6 .''Vr:- J 



-Pc (he hi hi humamis 
L,; Mm.k. (X ^5') 


l^'lG. Pedicuhis htimanua 

L, ; 1' iLMA-LK. (X 25.) 


Pathogenicity.- ], ice arc inii.orauvi canicis of disease, being 
vectors in certain (onus of relapsing fever, in typhus, and in trench 

'' cTasSfication.-Tlie Pediculidic arc subdivided into two sub- 
families, which may be recognized as follows : 

Ih'dicnUda' with five-jointed Rnici'insi'—Pedicuhnc^. 

B. PrdiciilidcB with three-jointed antennre— 

Subfamily A: Pediculinai: Enderlein, 1904. 

Definition.- I’ediculida' with live-joint ed aiitenme. 
Classification.-^ d'hc Pedicuhme contain two genera both of which 
are parasitic on man, and which may he differentiated as lollows.- - 
[a) All legs strong, distinct neck, thorax nariower than 
abdomen — Peduulus. 

ih) Forelegs long, slender, with three claws; no neck; 
thorax broader than abdomen — Phthirius. 



PEDICULUS 


755 


Genus Pediculus Linnaeus, 1758. 

Definition. — Pediculinae with distinct neck and thorax narrower 
than abdomen. Legs all strong with strong claws. Thumb-like 
projection of the tibia long, thin, and covered witli bristles. Abdo- 
men long and narrow, with segments not compressed together, and 
without lateral hook-like pi ocesscs on the tifth to eighth segments. 
Twojointed telson carries ventrailly a. pair of cone-likc' processes. 
Female gonopodia clamp-like and iMait inwards. 

Classification. — Onl) four specii.s arc at present assigned to the 
genus Pediculus: — 

P. hiimaniis Linmeus, 1758, found on man. 

P. corporis de Geer, 1778, found on man. 

P. punctatiis Kudow, 1869, found owBos ^riinniens. 

P. consohrinns Piaget, 1880, found on Afeles pcnladactyUis. 

Tlierc is a doubt asto whetherP. punctatiis is really a pediculus, aud 
P. consohrinus is said by Neumann to 
be indistiiigiiisheble fromP. liumanus, 
therefore the species are reduced to 
two; - 

P. liumanus Linnaeus, 1758. 

P. corporis de (Teer, 1778. 

Tiiese ar(‘ \a'ry alike', and have hocu 
thought to be only varietie'S of oiu* 
aiiotiu'r. Interbreeding seems to be 
possible. Tlu' following })ointh nuiy 
iiel]) to diff(‘rentiate them: - 

1. h'ouud on the human head, 

with well-defined abdominal 
segments marked by a fes- 
tooned lateral border- 
P. humanus. 

2. Found in the clothing, larger 

than P humanus with , 08 .-ego or I'eUvcutus 

broader tliorax and lateral humanus Linn^us, 1758, 

borders of abdomen less attached to a Hair. (X35 

festooned, and segments not Diameters.) 
quite so distinctly indicated (From a photograph by 
— P. corporis. J - J Bell.) 

Pediculus humanus Linnaiis, 1758. 

S'}j'\\OXiyv[\s, —PeciicutiisJnimamis var. i Liimaius, T7bb;P. Immanns 
var. capitis de Geer, 1778; P. cervicalis Leach, 1817; P. capitis 
Nitzsch, 1818; P. humanus Csiki, 1904; P. nigritarum Latreille. 

Definition. — Pediculus often varying in colour somewhat accord- 
ing to the human race, on which it is parasitic, with thorax often 
narrowing distinctly anteriorly, well-defined abdominal segments 
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marked by lateral iesfoons. Thumb-like projection on the tjbia 
armed with a spine. Habitat, homo. 

Rem arl;s. This is the head-louse, which is cosmopolitan in distribution, 
but varies in colour on the dihcrent races, as was pointed out by Murray, 
being very dark on African negroes and Tamils, and said to be yellow on Chinese 
and Japanese, and orange on Hottentots. 

On Europeans it is light grey in colour. Daniels says that the pediculi of 
Chinese do not pass readily to Tamils; though in our experience the pediculi of 
native servants, Sinhalesi^ and Tamils, will pass to Europeans. 

These pediculi are extremely common in the tropics, and it is an cver}’^- 
day sci'iie to witness natives busy at work killing them on their friends’ heads. 

Morphology. — The head-louse is about 2 millimetres in length by i milli- 
niotre in breadth. The female is larger than the male, and exists in greater 
numbers. The head is triangular, the thorax i."oad with short legs, and the 
margins of the abdomen are dark. 



Fig. 36g. — Pedicuhis corporis 
Geer; Male, (X25,) 


Fig. 370. — Pediculus corporis 
Geer: Female. (X25.) 


— 'J'lie posterior somite is rounded oh and prominent, with a circular 
opening dorsally, which is the common aperture of the genital and alimentary 
canal. The penis is simple, wedge-shaped, and is usually seen protruding 
dorsally. 

iu'hialc.-- 'Jdie last abdominal segment is deeply notched at the ape.x, where 
tin; anus is situated, llie vagina opens on the ventral surface. 

Life-History. — 1 he female lays fifty to sixty eggs, which are attached firmly 
to the liairs by the si'cretion of the cement gland. In about six days these 
eggs hatch. 1 he young pediculi become fully developed in fourteen to twenty 
(.lays. 

Pathogenicity. — It can carry typhus and produce a form of impetigo. 

Treatment. — White precipitate ointment or common paraffin oil may be 
used. 
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Pediculus corporis de Geer, 1778. 

Synonyms. — P . humanus Linnseus, 1758 ; P. humanus var. 2 
Linn^us, 1766 ; P. humanus var. corporis de Geer, 1778 ; P. vesti- 
menti Nitzsch, 1818; P. corporis Csiki, 1904. 

Definition. — Pediculus usually dirty-white in colour, thorax 
only slightly narrowed anteriorly, abdominal segments not very 
distinctly defined and not well festooned laterally. Thumb-like 
projection on the tibia without a spine. Habitat, homo. 

Remarks. — ^This louse lives in tlie foLls and seams of the clothes. 

Morphology. — It is larger than P. humanus, and has an oval, 
elongated head, with large antennae. The thorax is more segmented 
than inP. humanus, and the legs more developed, with larger claws. 

Life-History. — It lays seventy to eighty eggs, measuring 07 to 
0*9 millimetre, in the seams of the clothing, which hatch in three to 
four days, and become mature in fifteen to eighteen days. 

Pathogenicity. — It is a carrier of typhus fever, trench fever, 
and certain forms of relapsing fever. 

Treatment. — Boil or steam the clothes in a stcTilizer at 212^ F. 

Genus Phthirius Leacli, 1815. 

Pediculida* with the anterior legs weak, armed witli large short 
claws; abdomen broad and short, with first to fifth segment so 
strongly compressed that 
the stigmata appear to lie 
in one segment. Fiftli 
to eiglith segments with 
lateral tooth-like pro- 
cess, of which thetwo last 
are long. Habitat, homo. 

Phthirius pubis Lin- 
njens, 1758. 

Sy no ny ms . — -Pediculus 
pubis Linuceus, 1758; 

P. inguinalis Reichard, 

1759; Phthirius ingiiina- 
lis Leach, 1815 ; P. tahe- 
scentium Alt, 1818 ;P. />?/- 
Kiichenmeister, 1855. 

Remarks.— P. pubis is the pubic or crab-louse, and is more common 
on men than on women. It usually infests the pubic hairs, but may 
also be found on tlie eyelashes and on the eyebrows. 

Morphology. — The body in general is flat and broad, with a 
rounded head bearing antenna; with five segments, and two small 
eyes. There is a neck. The broad, flat thorax is merged into the 
abdomen, and carries three pairs of legs, of which the anterior pair 
is slender, and possesses a straight claw suitable for walking, and 
the two posterior pairs have claws suitable for clinging. 



Fig. 371. — Phthirius pubis LiNN.ffiUs: 
Fem/vle. (X25.) 
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The female measures i-2 to 2 millimetres in length by 1-5 milli- 
metres in breadth. The male is half the size of the female. 

Life-History.— The female lays ten to fifteen eggs, which it 
attaches to hairs. These hatch in seven days, and the resulting 
pediculi become mature in about two weeks. 

Pathogenicity.-- It produces often a dermatitis, with itching 
and a greyisii discoloration of the skin, said by Dugnet to be caused 

by a pigment produced by the parasite. 
Erasmus Wilson says that reddish de- 
posits may be seen on the liairs, due to 
the faecal matter of the parasite. 

Treatment. — Wliite precipitate oint- 
nnait or some other mercurial prepara- 
tion. 

vSuBFAMILY B: PedICININ^ 
Enderlein, IQ04. 

Definition. — l^^ciiculidac with Ihrce-joiiitcHl 
antemiaD. 

Remarks.-- Only oiu* genns, J^cdiciiins 
Gervai.s, 18.^7, is known, and there are tlire(‘ 
known sj)e('ies lonnd on monkeys —viz., 
P. enrygasles Bnrmeisler, 1835 (synonym, 
P. v/i crops Nitzsch and r.lehel, iSd.j), j'onnd 
cm Plilirrus .s/wercs (Linnrxms, 1771); 7-k hmfii- 
icps Pi.’gx'l, 1880. toil nd on J.asiopyya movd 
(Schivher, 1775); and P.picvjcli Strobell, 1881 
on PiiJu'cus hrcvicaiidis (Itlliot, IQ09). 

Family 2: H.ematopinid^ 
Enderlein, 1904. 

Definition.— Anoplnra with head broadest 
behind, and not prolonged anteriorly into a 
nozzle Iik(‘ laojection. Eyes rudimentary or 
absent. Antxmna' three to five .segments, 
JYobos(']s very long. Phar^mx long and 
narrow. Paiaglossa- yery small. Me.sothorax and third to eighth abdominal 
scgriumls witli stigmata, ivow of haii>' on each abdominal tergite and 
slernib'. 1 egs snitalde tor clinging, libia and tarsus very .short and thick. 
Jihia witli a^ thumb-like pioji'cljon. Piadarsal sclerite sometimes pre^sent. 

Classification. — Enderlein has divided the tamily into three snbiamilies 
whicli may be recognized as follows:- 

A, Antmma' with five .segments: — 

I. l^yes 1 udinumtary. situate on the extremity of a forwardly 
liirec'bHl lork like Literal jn'occss from the posterior aspect of 
the head. Mandibles well developed. Eoreh^gs larger and 
stronger than other legs. Pretarsal sclerili' present — 
H crouiiopuiince. 

tl. I-.yes and eye process absent, mandibles rudimentary. Fore- 
legs smaller than other logs. Pretarsal sclerite absent — 
I .inoyuaihiva’. 

13. Antenn.e with three si'gnients- — PuhcBincdopiyii'nce. 

St BFAMILY bliEMATf )plxiN/7r EltcU'rlc'in, 1904. 

This sublamily contains only the genus Leach 1817 with 

some twenty known species, of which the type H. sms {Linnams. 1758) Leach. 
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1817, is found on Sus scYofa Linnreus; other species are found on equines, 
bo vines, camels, antelopes, deer, conies, and monkeys. 

Subfamily Linognathin^ Enderlein, 1904. 

This subfamily contains five genera, which may be recognized as follows; — • 

A. Abdomen with strongly chitinized tergilos, slernites. and plenrites, 
Tergites and sternites j)artly subdivided. Pleiiritcs extended back- 
wards and outwards, making sides of abdomen segmented. Hind 
legs stronger than middle legs. Claw of hind leg short and much 
compressed, and httable into tarsus. 

J. Abdomen elongated; .{-7 sterniies and 2-7 tergites, divided into 
two plates lying one behind the other. Each plate with a 
transverse row of strong long hairs. Pleura without seriated 
process on the inner side. Stigmata small — Polvphix Ender- 
lein, 1904. 

II. Abdomen more or less elongated. Pleura two to six, provided 
with a dorsal and ventral long knife- like pointed process. 
Four to seven tergites and sternites, composed of thrc'e 
secondary segments, each with a transverse row of long broad 
scale-like hairs; third tergite and .slernite composed of two 
rings each. Anterior ring is broader than posterior -Hoplo- 
pleura Enderlein, 190,1. 

LL Abdomen without scleritcs, with smooth border. Hind legs same 
size as middle leg: — 

I. Each sternilc and tiu'gite of the abdomen witli two or three 
transverse rows of very long closely set IrnwH -'--Li noi^rialhus 
Enderlein, 190.). 

II. Each sternite and tergite of the abdomen with one transverse 
row of hairs ; - 

(a) Stigmata large, and those on the alxloimm mised like 
tubercles and standing out above the hinder liorder of 
that segmented — Solenopofcs Enderlein, T904. 

(^) Stigmata very small, and not raised as tubercles 
(Hpsui Enderlein, 1904. 

Ihc genus Polyplax contains a rapidly increasing number of species. The 
one illustrated in Fig. ^72 is F. spinulosa (Burmeister, 1839), which is found 
on lepimys norvc^.ncus XCrxleben, 1777, in Europe. 

Subfamily C: EutidEMATOPiNiN^ Enderlein, 1904. 

This sublamilv has two genera, w'ith one species, and this ca,n be recognized 
as follows: — 

A, Hind legs with ffuiinr and tiliia armed with projecting recta, ngnlar, 

stalked, sheath- like appendage^ — Eiili(T,malopinus Osborn, i8gb. 

Species: B.. ahnorniis Osborn, i89f>, on Scalops ny^enfaiits in North 
America. 

B. Hind legs normal — Ucpniatopinoidc'^ Osborn, 1891. 

Species: H. squamosus Osborn, ibgr, on Geoinys iurzanus in No’dh 
America. 


Remaining Familiks. 

The family Echhtopthifiiuhe Enderlein, 1904, contains throe genera — 
viz., Antarctophthirm.'i Enderlein, 1904- — -with two species, Fchinophlhiriits 
edebel. 1871, with three species, and Lepidothivius Enderlein, 1904, with only 
L. macvovhini Enderlein, 1904. 

The family HcBmatomyzidce Enderlein, 1904, contains one g(;nus, Ifreina- 
tomyms Piaget, 1869, and one species, H. elepJiantis, on the Ceylon elephant 
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HEMIPTERA 

Hemiptera — Gymnoceidta — • Clinocvjridae — Reduviid^ — Hydrometridae — 
Aradi dae — References . 


ORDER HEMIPTERA Linnaeus, 1742. 

Synonyms. ~RhyngotaY'dbY\cm?>\ Rhynchota'BuvmQA^iew 

Definition. — ^Hexapoda with four wings, the frcnit ])air being 
either membranous or half horny and half membranous, but botli 
pairs may be wanting in the parasitic species. Mouth suctorial. 
Metamorphosis complete. 

Remarks.— The Hemiptera include the cochineal ins(‘ct, Coccus 
cacti ; the Aphid^e, plant-lice: and, in })articular, the cicadas, who.se 
shrill notes wake the quiet of an African forest. The anterior wings 
are called hemelytra, and usually consist of three portions: — 

1. The clavus — the hard, coriaceous portion next to the 
scutellum. 

2. The corium — hard, coriaceous portion occupying the whole of 
the area between the clavus and the membrane. 

3. The membrane — apical portion. 

The posterior pair are the true wings. 

In the Clinocoridae the corium is divided into three portions: — 

1. Internal — corium proper. 

2. External and basal — embolium. 

3. External and apical — cuneus. 

Classification.— The order is divided into two suborders: — 

Suborder I. : Homoptera.- -With both pairs of wings mem- 
branaceous. 

Suborder II. : Heteroptera. -With the front pair of wings half 
horny. 

The first will not be considered here. 

HETEROPTERA. 

This suborder has two series: — 

Series i, Gymnocerata Fieber. — Antennce conspicuous. 

Series 2, Cryptocerata Fieber. — Antennae hidden. 
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GYMNOCERATA Fibber. 

The families of importance to us are. 

Clinocoridae. 

Reduviidae Stephens. 

Arodkte. 

IlydrometridtT. 

Dies,; families can be diagnosed, according to Distant, in the 

follow liig maimer: — 

A Spt'cies not aquatic; abdomen not clotlied beneath with a 
silvery, velvety pubescence; scutellum not reaching to the 
base of the membrane nor to the middle of the abdomen. 
{1) Mesopleurse and metapleurae composed of one piece; 
hemelyfra without cuneus. 

(a) Tarsi three-jointed. Rostrum short, stout, bent 
at the base, so that in repose it does not lie 
against under-surface of the head; ocelli behind 
eyes; liemclylra complete with distinct mem- 
1 )r ai 1 e — Rcclui nidcB . 

{{)) Tarsi two-jointed, anterior legs normal and in- 
serted on t he disc of t he prosternum . Hemelytra 
neillua reticulate nor cellular — Araclidco, 

(2) Mesophaine and m(‘[a})leur<T composcid of seven pieces; 
Inmielytra with a. cumais and an embolium; ocelli 
ai)senl C linocoridcB. 

IT Sjx'cies a(]uatic or semi-a(]ual ic : abdomen clotlied beneath 
wit h a siK'ery velviAy ])ubescence ; antennae four-jointed — 
HydroincfridcB. 

Family Clinocori])^. 

Synonym.- AcanlhiadcB. 

Definition. -Gymnocerata without ocelli, with elytra so short 
that the abdomen is hd’t uncovered. Tarsi three-jointed. 

Remarks.- This family contains the bugs as so called in medical 
literatuia'. There are eight genera ^ — Clinocoris Petersonn, 1829; 
(Ecianis Stal, 1873 ; Loxaspis Rothschild, 1912 ; Cacodmus Stal, 1873 ; 
Aphramia Champion, 1900; Hwmatosiphofi Champion, 1900 ; Beriilia 
and Lcpfociviex Roubaud, 391 ; — and by some authorities these are 
gathered into two sul)families, Clinocorince and UcBmatosiphonmcB , 
with about twenty specie's in all, of which tweh’e arc parasitic 
on bats. 

CriNOCORIN^. 

Clinocoris Petersonn, 1829. 

Synonyms. - Limia'us, 1758; Acanihias Fabricius, 1803; 

Klinopliilos Kirk, 1899. 

Nomenclature.^ — Koris Aristotle; Cimex Pliny. 
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Definition. — Clinocoridse with the anterior margin of the chorax 
strongly excavated and with prominent lateral angles. 

Remarks. — There can be no doubt that originally bugs fed upon 
vegetable j uices, and that it is only within geologically recent periods 
that they have taken to blood. Thus the field bug, Lyciocoris 
campestris, which is found under stacks of corn in Europe, may find 
its way into barns and stables, and will then attack horses and 
cattle, though under normal circumstances it would merelv suck 
vegetal juices. The relationship to bats is interesting, as appar^^ntly 
the family is essentially a family of bat ]):irasites. 

Type Species. — Clinocoris leciularius (Linnaeus, 1758). 

Other Species. — C rotundaiu^ Signoret, 1852; C. ciliatius Evers- 
mann, 1841 ; C. pipisirelli Jenyns, 1839 (spreads Trypanosoma vesper- 
tUionis)\ C- columbarius Jenyns, 1839; C. feedus (vary rare): 
C. dissimilis ; C. impr aviso (very rare); C. pelosellus (America); 
C. peristercB. 

C. honeti Brumpt, 1910, of our previous editions becomes 
cimex I)onefi (Brumpt, 1910), and C. inodorns of previous editions 
becomes H coniatosiphon inodornm, which is found on fowls and may 
enter dwellings. 


Clinocoris lectularius Linmeus, 1758. 

Synonyms. — C. Jecluhirws Merrett, 1667; Cimex lecinlarins 
Linmeus, 1758; Acanlhia Icctiilarins Eabricius, 1794. 

Definition. — Clinocoris with short, broad head, with two promi- 
nent eyes, but no ocelli; ant enme four-jointed, apical joints slender; 
elytra rudimentary and lie over the metathorax; prothorax semi- 
lunar, with extended anterior angles ; abdomen uncovered, with seven 
segments and an ciglith anal appendage; legs slender, anterior tibia 
twice as long, and posterior three times as long as the tarsi, which 
are three-jointed ; proboscis flexed into a groove beneath the head 
and prothoi'ax. 

Historical. — -The bt^l bug was well-known to the ancient peoples 
of Asia and also to the Romans, who called it Cimex. It seems to 
have come to Euro])e from the East, and to liav(‘ reached (lermany 
in the twelfth century, England about 1500, while Thomas Moffat 
says it was recognized in London in 1503— but then he was writing 
one hundred years after the event. Originally it was known as 
the wall-louse or chinch, and the iorm ' bed-bug ' is apparently of 
recent origin. Both males and females suck blood, and are suspected 
of spreading Obermeyer’s relapsing fever. 

Morphology. — It is reddish-brown in colour, with short, broad 
head carrying two eyes, two antennae composed of four segments, 
of which the first and second are stout, and the third and fourth 
slender. The mouth consists of a proboscis, which is composed of 
an upper part — the labrum — which is small, and a lower curved 
portion. This is large and jointed — the labium — inside which 
are four stylets, the two outer being the mandibles, and the two 
inner the maxillae. There are no palpi. The prothorax is semi- 
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lunar, with two rounded horns. The dorsum is raised in the median 
line. The mesotliorax is triangular, with the apex posteriorly. 
The metathorax is covered dorsally by the elytra, which are two 
small chitinous plates belonging to the mesothorax, but consist of 
clavus, corium, empodium, cuneus, and membrane. The abdomen, 
which is rounded in shape, with seven segments and an eighth anal 
appendage, is broadest opposite the third segment. Posteriorly it 
is covered with round hairs. Length, 5 to 6 millimetres. Male 
smaller than female, with penis flexed into a notch between seventh 
and eiglith segments. 

Internal Anatomy. — The mouth leads into the pharynx, beneath 
which is a syringe organ or salivary pump, into which the salivary 
glands open. The pharynx leads via the oesophagus into a large 
crop. There is the usual mid-gut, intestine, and rectum. 



Life-History. — Tliey live in cracks in floors, walls, and furniture 
during the day, and issue forth at night to suck blood from human 
beings. They arc' capable of emigration from house to house. 
The female lays some fifty eggs three or four times a year. Com- 
plete development is said to require eleven weeks, but may be 
completed in as short a time as seven weeks. 

Tire eggs, which are oval, i-i2 millimetres in length, and white in 
colour, take about seven to ten days to hatch. The larva grows 
slowly, moulting about five times, at intervals of about eight days, 
after which the wing-pad appears, showing that the adult stage 
is reached. They feed only upon blood. 

Bionomics- — In biting, they extend the proboscis, and feel 
about, testing the skin with the delicate hairs, then pierce it by 
the stylets, and inject saliva by the syringe, causing congestion of 
the area, when the blood runs up the grooves in the stylets by 
capillary attraction into the pharynx. 
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Smell . — The peculiar odour is due to the secretion of sac-like 
glands situated at the base of the abdomen, and opening on each 
side of the metasternum. The secretion is a clear, oily, volatile 
liquid, which is supposed to be protective in function. 

Pathogenicity. — It is quite possible that they spread Spiroschau- 
dinnia rccurrentis , the cause of Obermeyer’s relapsing fever. The 
effects of their venom have already been described. 

Prophylaxis. — Bugs are by no means without their enemies, of 
which the most marked is the common red house-ant (M onomorium 
pharaonis), while another enemy is the common cockroach; but, 
despite these foes, bugs are extremely common in tropical hospitals. 



Fig. 375. — Clinocons roiundatiis Fig. ^]y(j.—Cltnocoyis votundatiii^ 

Signoret: Male. ) Signoret: Female. (X 10.) 


The first step in prophylaxis is, of course, strict cleanliness, and the 
use of painted iron bedsteads which can be easily taken to pieces 
and washed. Another good means is to make use of mattresses 
and pillows covered with Willesden canvas, which can easily be 
washed. The mattress should be in sections, and not all in one 
piece, as otherwise it is difficult to manipulate. The most useful 
substances for killing bugs are acetic acid, camphor, and carbolic 
acid. Acetic acid poured into the joints of a bedstead is said to kill 
the bugs rapidly. Kerosene is often used, but docs not appear to 
be very effective. Pyrethrum is also used. Apart from bedsteads, 
the whole room may be infected, in whiclTcasc fumigation with 
sulphur is quite the best remedy, 4 ounces being burnt for each 
1,000 cubic feet of space, and the room left closed for four or five 
hours, in order that the_^gas may act thoroughly. 
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Clinocoris rotundatusSignoret, 1852. 

Synonyms. — Cimex rotundatus Signoret, 1852: Ciniex macro- 
cephalus Fieber, 1861. This is the Indian bed-bug, which is found 
in India, Ceylon, Burma, Assam, and Malaya in Asia, and also in 
Sierra L(‘()ne, Mauritius, Rcuinion, St. Vincent, and Porto Rico. 

Morphology.- r. rotundalus differs from C. ] ecinJ arius hy h(^'\r\g 
darker in colour, witli a shorter, narrower head, with a prothorax 
with rounded borders, and with a longer, narrower abdomen. 

Pathogenicity.-- According to Patton it spreads Lcishmania 
donovani ,ihv })arasite of kala-az<ar or trojucal febrile splenomegaly. 

Clinocoris ciliatus Kvcrsmann, i<S4i. 

Synonym.--Cv>;//^A ciliatus Evt^rsmann, 1841. 

'I'his is touiifl in Kasan, in Russia. It requires reinvestigation. 

Morphology. - It is smaller than C. Icclularius, yellowish -red in colour, and 
t]h( kly covered with hairs. Length, 3*3 millimetres. 

Pathogenicity. — Not known. 

Genus CEciacus Stal, 1873. 

ClDivcorida' with llie anterior margin ol the thorax slightly excavated, and 
willi only slightly projecting lateral ioigles. 

Type Species. — (Eciacus hirudin is Jenyns, 1839; also Giciacus vicar ins in 
martin and swallow nests in North America. 

Loxaspis Rothschild, 1912. 

Clinocnyidd with antc'rior margin of thorax very narrow, sciitcllum trans 
\'erscly cjl)long, witli jiostcrior margin jn odiu cd centrally into a ])oint. 

Type Species. - f . nurandus Rothschild , tonnd on a bat in Uganda, and fonmi 
in 1913 by jMarsliall <tn bats in SiMinaar, ;\nglo-Egypiian Sudan; aisc) 
scminUcHs on bats in Java, L. hiuhorus Ihinbaiid, 1913, on liats. and bites man. 

Genus Cacodmus Stal, 1873. 

villosus on Natal, d'ra,ns\'a.a.l, and Nyassaland bats; C. iiniotus on ^Vlrican 
bats; C. iudicus on Indian bats. 

Genus Aphramia ('ha.in])i()ii. looc). 

Aphramin barys. 


Genus Haematosiphon Champion, 1900. 

H. inodorum, usually found on foAvls, but may enier dv'ollings. 

Genus Bertilia. 

B. valdivia 7 ia under the bark of Irees in C'hili. 

Genus Leptociraex Ron baud, 1913. 

L. boneii, synoiuni Cimcx honcn Hnim|)t, 1901, toiind on man in the higher 
regions of llu^ Ivory Coast and in I kiute-Cuinee. 


Family Anthocokid^. 

(iyinnocnaia witdi emboliiim, membrane with one to four nerves, which 
arise at the tip and along the side of a triangular basal cell. Antennre cylin- 
dricai. 

GeneT2L,— Anthocoris Fallen, 1829, and Lyctocoris Flahn, 1835. 
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Anthocoris Fallen, 1829. 

Two species of importance — A. kingi Brumpt. 1910, in the Egyptian Sudan, 
and A. congolensis Brumpt, 1910, in the Belgian Congo. 

Lyctocoris Hahn, 1835. 

Lyciocoris campestvis Fabricins is said to attack man. 

Family Reduviid.®. 

Gymnoccrata with long, narrow heads and distinct neck. F3^es 
large and prominent; proboscis short, tliick, and curved; antennae 
long, slender at the tip; legs long; elytra with three divisions when 
present ; tarsus three-jointed. 

Tlie genera which will be noted here are; Rednviiis, Conorhinns, 
Lamus, Reduviolus, Rasahus, Melanolestes, but Harpactov, Enlyes, 
Arilus, Prionohts also bite man and animals. 

In addition, it may be mentioned that Wellman found Phjncrgates bt- 
coloripes Stal, which is locally known as " ochindundu,’ in the iict ot sucking 
the juices of Ovnithodovo'i moubata. It is well known that the Reduviida; 
attack other insects and ticks. He also mentions that the same insect pro- 
duces a more painful effect upon man than the bite of the tick O. ivoiihata. 

Reduvius Fabricius, 1803. 

Body moderately elongate, head oblong, ante-ocular portion of head larger 
than post-ocular portion; eyes large, completely extending eicross the lateral 
parts of the head; ro.strum with second joint much larger than first; pro- 
notum transversely constricted before the middle anterior lobe with a strong 
central sulcus or fissure, which is broadly extended to the disc of the posterior 
lobe. Anterior much shorter than posterior lobe. Scutellum with apical 
spines; legs moderately long and slender; anterior femora normal; anterior 
tibire furrowed. 

Reduvius personatus Tinnaens, 1758. 

Ibis is the whe‘el or masked bug found in Europe and the United States, 
and known for the severity ot its bite; for it causes pain, swelling, and 
irritation in the affected area which may last as long as a week. 

Conorhinus Laporte, 1832. 

Synonym. — Triatoma Wolf, 1802. 

Reduviidee with head long, porrect, and more or less distinctly im- 
pressed behind eyes; rostrum with first joint very much shorter 
than second; antennae inserted on the sides of the head about mid- 
way between eyes and apex; ocelli placed very far apart ; prosterniim 
broadly sulcatcd; abdomen frequently with the disc flattened; 
posterior tibiae longer than the femora. 

The species of Conorhinus are mostly found in South America, 
and live on the blood of mammals and of insects, including bed-bugs. 
Some of the more import an! arc; — C. sanguisugus, C. rtibrofasciatus 
de Geer, C. renggeri Herricli-Schaeffer, C. nigrovarius, C. protracius, 
and C. variegatus. 

Conorhinus sanguisugus Leconte, 1855. 

This is the blood-sucking cone nose of America, which feeds upon the blood 
of insects, including bed-bugs, and of mammals, including man. The bite is 
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very severe, and causes much swelling and irritation. It is a night-flier, and 
has an odour like that produced by bugs. 

Morphology. — It is a large dark brown insect, with pink markings and a 
flattened body and very narrow pointed head, with a strong, thick, long 
j>roboscis. I'he thorax is provided with wings. 

Life-History. — The eggs when 
first laid are white, but later 
change to yellow, and finally to 
pink. The larva hatches in 
about twenty days, and is very 
active. It moults twice and 
becomes the pupa, which also 
moults twice, the last stage show - 
ing wing pads. The pupa is also 
active. 

Habits. — In addition to feed- 
ing upon blood, these insects 
may suck the juices of decom- 
posing flesh. 

Pathogenicity .—Its bite at 
times is followed by severe 
general symptoms, such as swell- 
ing in different parts of the body, 
nausea, etc., as well as local pain. 

Remedy. — Sweet oil is advised 
as a remedy for the local pain. 

Conorhinus rubrofasciatus de 
Geer. This is the Malay bug, 
found in Africa (Sierra Leone 
and Madagascar), in Asia (Cey- 
lon, India, Malaya, China, and the 
Philippine Islands). It is said to 
produce a very severe bite. Con- 
orhinus renggeri Herrich-Schaefler is the black bug of the Pampas. Conorhinus 
nigrovarius is the ‘ bicliugue ' of South America, and bites severely. Cono- 
rhinus pYotractus is the big bed-bug of Utah. 



ITg, .— Conorhinus sanguisugus 
Leconte, 1855 : Female. (X2.) 


Lamus Stal, 1859. 

ReduviidcB with the head much shorter than the thorax, with a 
conical preocular portion, with the basal segment of the rostrum 
longer than the apical. Antennae, which are inserted a little in 
front of the eyes, are more than twice as long as the head, ocelli 
present. Scutellum unarmed; legs rather slender; anterior femora 
slightly thinner than the posterior, and armed with spines. 


Lamus megistus Burmeister. 

Synonym. — Conorhinus megistus Burmeister; Triatoma megista. 

Chagas has demonstrated that Lamus megistus is the carrier of 
Trypanosmna cruzi. This Reduvid attacks men and animals, and, 
owing to its habit of biting the face, is called ‘ Barbeiro ’ by the 
indigenous population. 

Morphology.— L. megistus Burm. is a large black insect with 
numerous regularly arranged red markings, and differs from C. ruhro- 
fasciatus de Geer, wW^h is closely allied to it, by the fact that 
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C. ruhrofasciatus is of a dull dark brown colour with markings on 
the pronotum, and with dusk^^ yellow or brick-red elytra and 
connexivum. 

Pathogenicity. — It is the cause of South American trypano 
somiasis. 



Reduviolus Kirby, 

Recluviolus siibcolcofytraius Kirby, 1837, has once been recorded as a human 
blood-sucker in the United States. 

Rasahus Amyot and Servillc, 1843. 

Rasahus hii^utialus Say, 1831, is found in the houses in Cuba, Panama, and 
Para, where it really seeks the bed-bug, but Idles man also. 

Melanolestes Stal, 866. 

Mclanolestes movio Hrichson, 1S48. Found under stones during the day in 
Guiana, Mexico, and the United States of America. Bites man. 

M. abdominalis Herrich- Schaetter, i8-j8, in the same regions as AI . movio. 


Family HYDitoMUTRiDiE. 

The Hydrometrida', or water-bugs, are interesting to the student of tropical 
medicine, because Patton has traced out the development of a Crithidia 
resembling Lei'ihinania doyiovani in one of them, as has been described in the 
:hapter on Protozoa, p. 367 
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Family Aradid^. 

Broad very flat bugs, witli four segments in the antenna and three in th 
proboscis, bio cnneiis. T.irsus two segments. 

Vysodivs Iwuiws f abriciiis is tlie Pito bug of South American hou.se.' 

wliicJi bites scycrvly. 
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CHAPTER XXXll 

THE DIPTERA 

CULICID^ AND THEIR ALLIED FAMILIES 


Diptcui : Morphology — -Classihcation— -CuliddaL — CoretUridai — Chironomida'. 
— Psychodicl ae — Sini uli d ap—Keferences . 


DIPTERA. 

Definition.' — ^Hexapoda with two well-developed transparent wings 
and two rudimentary wings in the form of halteres. Mouth parts 
well developed, adapted for piercing and sucking or for suction. 
Mesonotum forms by far the larger portion of the thorax. Meta- 
morphosis is complete. 

Remarks. — The Diptera are by far the most important order of 
the Hexapoda as regards tropical medicine, for they include the 
blood-sucking flies, which are capable of carrying disease; also 
certain flies which cause disease by depositing their eggs in cavities 
or on the surface of the body, with the result that the larvae enter the 
nose, and cause disease by gnawing away mucous membrane, 
cartilage, and even bone, or the alimentary canal, in w^hich they may 
cause serious symptoms. Apart from these, it must be remembered 
that flies, particularly the common house-fly. may mechanically, 
either externally or by its alimentary canal, carry and deposit germs 
on food, by which means human beings become infected with disease. 

Morphology. — 'I'lic most important points in the morphology of the Diptera 
in general may be briefly mentioned. 

Head . — The head in certain families shows an anterior depressed area, 
the lunula, bounded by an arched suture, which passes over the base of the 
antennae. This is the invaginated ‘ ptilinum,' or vesicle, by which the imago 
breaks its way out of the pupa. With regard to the antenna, it is of great 
importance whether it is many- or few-join^ed. In the latter case it often 
carries an arista on the third joint, which may be looked upon as represent- 
ing the remainder of the larger antennae of other species. 

The mouth parts, though composed of the typical labrum, epi pharynx, 
maxillae, mandibles, hypopharynx, and labium, will be found to be very 
dillercnt in the various species of biting flies. More especially are the labial 
]>a]ps altered in Glossina and Stomoxys, becoming armed with teeth and 
capable of making the hole in the skin which is necessary for the sucking of 
the blood. 

Thorax. — In many ceisos the thorax is largely composed of mesothorax, 
fhe pro- and meta-thoraces being much reduced. The wings are of impor- 
tance. Some genera possess a prolongation backwards, called the squama, 
which conceals the halter. The venation of the wring has a peculiar nomen- 
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claturo, whicli will be more fully explained under the heading Culicids, but 
wliich may here be com])ar(.‘d with the typical arrangement of Comstock and 
Needham, from whioli it differs mainly by the form of coalescence called 
' inward.’ wliieh iiH^ans that two veins have coalesced from the tip towards 
the base of the wing. 


'Pyidcal Names. 


Dij)tcral Names, 

Costa 


Costa. 

SiiliCMjsta 


Siilieosta.. 

Eadiiis ] 


I'drst Longiludina,!. 

Ka.dius 2 | 
] Cad ins 3 1 

('oalesctal . . 

S c a 0 n d L 0 n g i t u d i n a 1 . 

fhidius \ 

Eadius 5 / 
M(‘dia 1 d 

('oalesced . . 

d'hird Longitudinal. 

Media 2 1 

M('dia. j 

Coalescaal more or 
k*ss . . . . 

j Fourth Longitudinal. 

.dhalia. j 

(aibitns 1 ( 
C'ubit us 2 / 


Ibfth Ixmgitudina.l. 

Anal J 1 
Ana.l 2 i 


Sixtli T.ongitudinal. 

Anal 3 - . 


Sevamtli Idongitudinal. 


'J'lie a,bove table shows the two ordinary systems of nomene.lalLire for the 
wing-veins of tlie 1 hptt'ra at prescmt in use. Th(‘ t(n-ms in th.e right-hand 
colinu]! ar(‘ old(M' tlian lh(‘ olht'r series, and are generally mn])loyed by English 
writt'rs. In addition to the longitudinal veins there a, re several transverse 
vM'jiis, vi/.:- 

I . d’la' Unmeral li om tht* Costa, to Subcosta.. 

j. d'he ba.dio medial or aaiteri(»r from the l<a.dius to the ]\Ie(lia.. 

d'he distal McMlio-c.ubital or ])ost(‘rior from tlu‘. Media t(j the Cubitus, 
j. d'h(' ])ro\im il IMcclio-culatal or anterior Ikisad. 
y. 'rile Cnbitn aaial or ])osterior Easal. 

d'lK' wing shows a. costal ctdl, gt'iK'rally subdivided bv th(“ humeral vein, a 
Ml bt'.ostaJ, a, marginal, a. \-<i.rijible numlx'r of snbma.rginal, a ])osterior, and an 
an d cell, 'i'he second a.na,l v(‘in is oftcm wanting, and ri'presented by merely 
an incrassation . In a.ddi1ion 1 heia* are generally an anterior or radial, a 
posterior nu'dial, and an anal or cubital based cell, in the ^^nlicnhe thti first 
sii bma.rginal ami the S('Cond jiosterior cells are often called the fork cells. In 
llu' lirst posterior cell it is important to note whether it is closed., and does not 
r«'aeh the margin of the wing owing to the junction of the media with the 
radius, or uixm, or partially open, and docs reach tin* margin of the wing. A 
distad cell in the middle of tlie wing is pr(‘sent in some gemuai. J t is bounded 
either by th(' nuslia or bv that \'ein and (he eiibitus. 

Idle legs poss('ss the usual number of segn'u*iits, but with la^gard to the 
nonu'iielat lire of these segments llauw is a certain amount oi confusion, d'ho 
liflh tarsal segment carries two claws and usually two ]mlvilli or pads, while 
betwt'en them lii's the empodium in the form of a bristle or third pad, which 
univ be looked ni>on as a si.xth tarsal or «^law segment. 

A i’iionii'i ] 'I lus has usually nine segnumts, Avliich mav be reduced by the 
lusion of segmeuts, especiallv in connection with the mele and female gc'.nera- 
1 i\'e organs. 'Idu' gimit ilia., esjx'cially the male, are ot inpiortance in ciassihea- 
ticui, and will be mentioned in ikdaii under the heading Culieida^. 

d du‘ body IS adorned liy scales and hairs. The fornuu' have bt'eii made use 
oi by d heobald to i lassily the Cnlieida*, while the iat(('r may he stronglv 
d<‘veiojK‘d in places, and have Ixam ii.sed 111 flies as a help in clas'-^iiication, 
and are of the utmost importaiiee in Ileas. 

hdics are usually modest in colour, being often yellowisli, brownish, or 
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blackish, but some of the Culicickr — c..e., Mc'i^arhina — arc btilliaiiily coloured. 
The colours depend partly upon pigments and partly upon interf('renc(‘ witli 
or reflection of light. 

Life-History. — The female generally lays eggs; more rarely a 
larva is produced directly, as in Glossiiia. The eggs are laid in 
some material which will be useful to tlu' hirv'ce—e.f^., the eggs of 
Culicid^e in water and the eggs of MuscidcT often in decomposing 
matter. The larva is generally a very active, vigorously fet'ding 
little grub, which may or may not have a distinct head. The pupa 
may either remain in tlu' old larval skin which forms th(‘ puparium— 
such a pupa, as seen in the Muscida', b('longs to the coarctate type 
• — or it may not be so eiu'losed, but ilie body and ap]:>endages being 
closely united, it forms the obtectate type. Tlu' imago escapes 
from its pupal skin by a T-shaped slit (Orthorrhapha), or by a 
circular opening (Cyclorrhapha). 

Collectiou of Flies, — Tvir. Austen lias asked us to invite the reader’s attention 
to certain remarks of his taken from the si^cond rej^ort of the Widlcome 
Research T.aboratories, which are as follow.s: — 

1. Specimens of blood-sucking and other J)iptei\'i. intended for determina- 
tion should be in the 'most perfect possible condition. 

2. Specimens collected by )i(ilivcs seldom fulfil this condition. 

3. Flies should, if possible', always bi' transfixed by a pin through the thorax 
and pinned to a small jiiece of ('.ardboard, and should be drawn up near the 
head of the pin, and not left close to th(' })oint. 

4. if pinning is impossible, specimens arc' best placed in ihvcc-cornered. 
envelopes of soft paper. 

5. h'lies should never be placed in contact witli dry cotlon-ivool . 

6. A plug; of soft paper must always be pressed down on top of specimens 
placed in spirit, in order to fix them in the tube. 

7. Several specimens of both sexes should ho sc'iit if identification is desired. 

S. Specimens should always he leyiblv labelled, with tlie namc^ of locality, 

and date of capture, and notes of interest forw'arded a,t the same' time. 

Classification. -The Diptera maybe classihed as follows, according 
to the cliaracters of the pupa, larva, and anteniK€: — 

SUBORDER I. ORTHORRHAPHA. 

Definition. — Diptera without lunula or ptilinum. T.arva with a 
distinct head. Pupa obtectate. Imago escapes by T-shaped 
opening. 

Section 1: Nematocera. — Orthorrhapha with antenme composed 
of more than six: joints, witli the joints, except the first two, similar: 
without arista. Palpi four- or five-jointed. 

Families. — Culicidfe, Corethiidie, Chironomidie, Psycho- 
dida?, Sirauliida;, FUepharocerkke, etc. 

Section 2: Brachycera.---Orthorrhaj)ha with antennae in which 
the joints differ from one another, with or without arista, which, 
when present, is usually terminal. 

Tribe i : Brachycera homceodaclyla . — Orthorrhapha brachy- 
ccra with three well-developed pulvilli. Larva with a 
projecting posterior stigma. 

Families. — ^Tabanicke, Leptida^. 
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Tribe 2 : Brachycera heterodaciyla.- — Orthorrhapha brachy- 
cera with two or three pulvilli. In the last case the 
middle is different from the two other pulvilli. Some 
species without pulvilli. Posterior stigma of the larva 
in front of the body-end. 

Families, — Asilida^, Empidae. 

SUBORDER II, CYCLORRHAPHA. 

Definition. — Diptera with a lunula and usually a ptilinum. 
Antenna with always three joints and an arista. Palpi one-jointed. 
Mandibles absent. Maxilhe rudimentary. Discoid al cell bounded 
by the media and cubitus. Abdomen with seven segments at the 
most, often with less. 

Section 1 : Aschiza.— Cyclorrhapha with a clearly defined lunula, 
but a rudimentary ptilinum. Arista poorly developed. 

Families.— Not of interest in tropical medicine. 

Section 2: Schizophora. — Cyclorrhapha with lunula; at times 
absemt, but the arched suture over the antennie is well defined. 
Ptilinum usually well developed. Antenna; lie in separated hollows. 
Arista well developed. 

Tribes: Muscidev. acalypiralcB and Muscidcd calyptratcp-, 

SUBORDER III. PUPIPARA. 

Definition.- Diptc'ra. with well-developed rudimentary or no wings ; 
]')ara,sitic on ver tebrates. The fully-developed larvje are passed 
dinrily from the body of the imago without a free-living (‘gg st.ag(\ 

SUBORDER ORTHORRHAPHA. 


SECVJ'ION NEMATOCEKA. 

Family Culiciiee. 

Definition.^ — Orihorrhapha ncmatoccra with a long piercing pro- 
boscis, and a body more or less clothed with scales and hairs. 
Antennie with whorls of hairs or plumes, which may be dense and 
long in the male, though scanty in the female. Wings with six to 
seven longitudinal veins, with scales and two distinct fork cells. 
The costa passes all round the wing, and carries scales, which form 
a fringe. Metamorphosis complete. 

The CulicidcT include the flies which we call mosquitoes, a word 
which is derived from the Spanish, meaning little flies, and are the 
same as gallinippers in America. The genus Culex was formed by 
Linnereus in 1790 for the gnat Culex pipiens ; the gLmns Anopheles, 
from a Greek word meaning harmful, by Meigen in 1818; the genus 
Sfegomyia by Theobald in 1901. A great many other genera have 
also been described, but are not so important in tropical medicine 
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as these three. yVmong the early workers in this field of research 
special prominence must be given to the names of Arribalzaga and 
Ficalbi. 



I'ic. 379 . — Diagram of a Mosouito. 

(After Theobald, from ‘ llie Culicida; of the World.’) 

Pr., proboscis; P., palp; An., antenna; fl., eye; Oc., occiput; Pro., prothorax; 
Mes., mesothorax; Sen., scutelliim, behind which is seen (.Met.) the shieid-like 
post-scutellum; //., halier; .4bd., abdomen; Ov/?.. ovipositor; Wi., wing; Pe., 
femur; Ti., tibia; Mf., metatarsus; Ts., tarsus — the line indicating the tarsus 
is made to include the metatarsus, which is sometimes regarded as the first 
tarsal joint. 


In our description of the classification of the Culicidae we have 
followed Theobald, but a simpler system is urgently required and 
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may be evolved during the next few years, as there are already signs 
that such a system may he possible. 

Careful dissections of Anofheles have been made by Muttall and 
Shipley, and of Cnlcx by Christophers, while the larva and pupa of 
Anopheles h:i\-e been studied in detail by Tmms. 

As the Anopheles is, without douht, of the greatest importance 
to medical men, its anatomy will be described. 



I’ TG , 3 So.-- -TKANSVERSb. Si- CTION 
OR Tin-; I.^ROROSCIS (-!■ AllO- 
j^lirlc’s uKUAtli hoDiis Mrik.en. 

(After Nulkill aiitl Sliiplcy, from 
tlu' Journal i>f IJycicnc.) 

1, I.abiiiin; 2, maxilla; 3, 
hyjfooharynx, witJi salivary 
duel ; .y maiidiblt'; 3, labrum- 
f'pipharynx with the hgiire (5) 
placed in the blood-lube. 


Fig. 381.— Distal End of the Prop.oscis 
OF Anopheles maculipennis Mficv^.n. 

I, Labinni; 2, labella.'; 3, labrum- 
epijfliarynx ; e\, maxillst*; 5, mandibles; 
6, skin line. (The labelLc should be diver- 
gfuit to the })lane of the paper.) 


Morphology.— /h’/c.'i macuUpennis Mcigen has been studied by Niittall 
and Shiplev, whose account is Xtfllowed in the description given below. 

M'he body <h a mostpnto i-s divided into (^/.) head, (b) tliorax, (c) abdomen. 

Head.- M'\u‘ most c.onspiraunis olhects on tint bead are the two large 
renifonn, often brilliantly cohnirtMl eyes, which lie on a piece of exoskeleton, 
called the ‘ epicraniuni,’ wiiich covers the whole head, except in the ventral 
media,!! lint', vhere the gala can he seen. Dorsally the eyes nearly meet, being 
si'parafet) by a space called the ‘ vertex/ in front of which is the frons, which 
carrit's a pair ol anlt'nna', diiierent in male and female. The male antenna 
has sixteen st'gmej!ls, oi whicl! the first segment is very small; the second is 
globular, and contains an auditory organ; the third is long, and tlie fourth 
to the iilteenth carry twt'nty-llve to thirty hairs in wliorls at the proximal end 
ol each s(‘gn!ci!t . 1 he sixtet'iith segmt'iit is about half as long as the penulti- 

mate. So (lense are the wliorls ol verticillate hairs in the male that the term 
plumosfy is apiilied to tiu* wholt* antenna. The base of the sixteenth seg- 
ment carries six hair.s, and the tip is rounded. The female antenna consists 
of Ijltecn segments, ilie first is very small, merely a ring of chitin ; the second 
is det'ply hollowed lor the third segment, wliich is the longest. The proximal 
ends of the fourth to the fifteenth curry .six large hairs. The tip of the 
fifteenth segi!!eiit bears line hairs, "ilicse few hair.s produce quite a dilferent 
appearance in the antciinre, wliich are called ‘ pilose,’ 

In fi-ont of the frons a sclerite called the ‘ clypeus,’ belonging to the exo- 
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ANOPHELES MA( ULIPENNIS MEIGEN. 
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(After Austen, by kind permission of the Trustees of the British Mu.seum. ) 
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skeleton of the head, projects forwards, under cover of which the mouth 
appendages appear as a median proboscis anti two lateral palpi. 

These mouth parts arc made up of the following (vide Fig. 22, p. 224); — ■ 

1. Labrum, or upper lip, with which is combined the epipharynx to form 
the labrum epipharynx. 

2. The mandibles. 

3. The first pair of maxilke, to which the. palpi beiong. 

4. The hypopharynx. 

5. The second pair of maxilhu, which have united tt^gelhcr to form the 
lower lip or labium. 

The labrum-epipharynx commences at the head end as two separate chitin- 
ous structures: the more dorsal, continuous vvith the clypeus, is the labrum, 
and the more ventral, continuous with th<' chilinous lining of the month, 
cavity, is the epipharynx; the part in the proboscis forms a deep groove, 
open venfrally. In the female its liee end is sharp and pointed; in the male 
it is truncated. 

The mandibles arc absent 
in tile males, while in the 
female they appear as yellow 
delicate chitinous blades, the 
base of which is attached to 
the sides of the labrum, and 
the apex is knife-shaped, with 
its edge s('rrated by thirty- 
one fine teeth (v%d(: hig. 23). 

The first mardlla; arc* chiti- 
nous rods attached posteriorly 
to the side of the base of the 
labium, which is here swoll<*n, 
and carries on its outer angh* 
the palp. It is continuous 
jxisteriorly with a chitinous 
bar, wdiich runs backwards 
into the head, and adiords 
attachment to several mus- 
cles. The free extremity of 
the maxilla has thirteen teeth 
(vide Fig. 2.'j, ]). 225). 

The maxillary palps pro- 
ject on either side of, ami 
dorsal to, the proboscis. They 
arc five-jointed, and covered 
with scales. In the male the 
distal end of the third segment 
is broadened, and the whole fourth and fifth segments are broad and flat, 
giving a spatulati; appearance to tlu* tip. The lengtli of these palpi varies in 
the dilterent genera of the Cnlicid;e, as will be mentioned under the heading 
ol Classifu'.aiion. 

The h^q^opharynx takes its origin just al • ve the base of ihe labium in a 
solid mass of chitin, wliich is pierced by the salivary duct, which is a canal 33 
to 36 in diameter. In the male the hypo])harynx is fused with the labium. 

The second maxilhe are united together to form a lower lip, or labium, 
which is curved dorsally so as to lorm a dee]) groove, in which tie*, lirst maxillae 
lie ventraliy and laterally, with the hypopliarynx situated dorsally and 
mesially, and the lal)rum-epi])harynx dorsally with the mandibles on either 
.side. The distal end carries two short segments called ‘ labelke,’ which, are 
movable on hingc-ioints. Itetween these labelke there is a projection of 
the labium connected with them by a thin membrane- Dutton’s meml)ranG 
— which is stretched during the act ot biting. Through this memln-aiie 
filarial embryos escape from the interior of the labium. The labium itself 



Tjc:. 382. — Thjv Occiput and ScuTELi.tD.i of 
AN Anopheline Mosquito, to snow THr: 
SCAT-E C H ARACTE.HS. 


At the side is seen the latera.l aspect of 
the vertical scales'. 

(After Theobald, from ' The Culicidm of 
the World.’) 
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, , , 1 T ^.wiViilnr w^ill carrviii/? .scales on its exterior, and 

is composed of ^ containing muscles, etc., among which the 

enclosing internall) a ^ therefore, two tubes in the proboscis; 

filarial embryos can ^ ^^S^ynx and the hypopharynx, is 

diagram fldg. 38^]. These scales may be differentiated into nairow curved 
scales, npright^ forked scales, and flat scales, the presence and character ot 
vvhicli’have ])een mad(‘ the means of classification. The upright forked and 



Fig. ^83. — Vakious Fokin’s of Scalics foi:nd on Different Parts of a 

Mosouito. 

(\fier Theobald, from ‘ The Culicidm of the World.’) 

a, Plat scale from abdomen; b, broad wing scale; c, another broad wing 
scale; d, curved hair like scale; c, narrow curved scale; /, flat spindle-shaped 
scale; small form of /; h and ?, upright forked scales; j, twisted upright 
scale; k, inflated scale. 


the curved scales occupy the middle area of the occiput, and alone are met 
with in tills species; but quite different arrangements are met with in other 
genera. 'The oitreme ]>osterior area of the head is the nape. Below the eye 
laterally is tlie area of the lusad called the ‘ gena.’ At the back of the head is 
the occipital foramen, througli which the soft strnctnres pass to the ncf'k. 

Neck . — The neck is the solt connection ol the head wdth the thorax. It is 
strengthened with chilinons rods. 

Thorax . — The thorax shows the usual three divisions into pro-, meso-, and 
meta-thorax, but of these the mesothorax is much the largest, and is often 
called ‘ the thorax ’ ; in fact, the pro- and meta-thorax arc hard to see. It will 
be remembered that a typical thoracic segment should show dorsally a notum, 
composed of pra'seutum, scutum, scutellum, and post-scutellum; ventrally 
a sternum, and laterally a pleuron, consisting of episternnm and epimerum. 
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On the posterior portion of each side of the neck may be seen a-small sausage- 
shaped sclerite, called the patagium, in front of which is the neck sclerite, 
while posteriorly there is another sclerite reaching as far as the first thoracic 
spiracle. Below these, and reaching to the coxa ol the first leg, is still another 
sclerite. These tour sclerites make up the prothorax. The patagium may 
represent a pronotum, the neck sclerite an enisternitc. and the posterior 
sclerite an epimerum, while the sclerite connected with the coxa of the first 
leg is undoubtedly a prosternum, this segment of the thorax carries the 
first pair of legs, and perha])s the first sinrade. 

Ihe interpretation of the parts of the prothorax presents considerable 
difficulty. Some authorities believe that there is no pronotum. The meso- 
thorax is well developed, and presents dorsally a pnescutum and scutum 
fused together, behind which is a trilobed ;„rea, the ‘ scutellum.' Behind this, 
again, is a shield-shaped area, looked upon by some observers as a metanotum, 
but more probably representing the post-scutcllum of the mesothorax. 
Laterally behind the first spiracle lies the episternum of the mesothorax, 
below and behind which is the mesosternum, wedged in between the second 
and third legs on each side. The two mesoslcrna are bound together by a 
chitinous bar. 

Between the post-scutellum and the first abdominal segment lies the minute 
true metanotum. The metasternum is easily seen between the second and 
third pairs of legs, and the epislcrnurn of that segment lies just dorsal to 
the third coxa, and contains the second thoracic spiracle as well as carrying 



Fig. jS.p — L ateral View oe Anopheles maciiUpennis Meigen. 


(After Nuttall and Shipley, Journal of Tlygiene.) 

I, Labium; 2, labrum-epi pharynx; 3, palp; 4, antenna; 5, occiput; 6, meso- 
thorax (pracscutum and scutum); 7, prothorax; 8, mesoslornum; 9, first 
thoracic spiracle; 10, metasternuin ; ii, second thoracic spiracle ; 12, scutellum; 
13, post-scutellum; 14, wing; 15, tergurn; 16, pleural membrane; 17, sternum. 

the halter. The thorax is covered with hair-like curved scales, and its 
appendages are the legs and wings. There are three pairs of legs, one for 
each division of the thorax, which have the usual number of segments — 
coxa, trochanter, femur, tibia, metatarsus, and tarsus, the latter being four- 
jointed. The last joint of the tarsus carries the two claws or ungues, which 
may be toothed. In the first leg in the male the claw is single, and the first 
terminal tarsal segment is hollowed out. In the female all the legs terminate 
in a double hook, and the first tarsal segment is not hollow. The empodium, 
a median process projecting bctw(K‘n the ungues, is in Anopheles macvilipennis 
reduced to a tuft of hairs. The arrangements of the ungues, however, vary 
very much in different genera and specie's. 

The wings arise by their bases from the side of the mesothorax, between 
the scutum and the episternum. The anterior border of the wing is straight 
and thick, while the posterior is curved, and near the base is folded or indented 
twice to form squama and alula. The area of the wing, bounded by the 
squama and alula, is broken up by a series of thickenings and ridges from 
which the nerves take their origin. The base of the wing has a socket which 
fits on to a knob on the episternum. The veins of the wings are: — 

1. The Costa. 

2. The Subcosia, which joins the Costa some distance from the apex of the 
wing. 

3. The Radius i (First Longitudinal). — Runs from base to apex of the 
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4. The Radius 2+3 (Second 

the wing, and shortly divides into two branches (Kadins 2+3), enclosing a 

Dioco of tlio winGf c<illocl llio firsf ^inn.! (-ci . • Ji_ • i^n 

^ r?-! Longitudinal Kern) —Commences m the middle 

of the wing and runs lo the margin. 

6. The Media (hourth Longitudinal Fem).— Runs from the base of the 
wing to the margin, but forks (Media i + 2) to enclose the second posterior cell. 

7. The Cubifus {Fifth 1 .ongiiudinal Veivi ).- — -Runs from the base and forks 
(Cubitus 1+ 2) to eneJose the third posterior cell. 

8 . The Anal 1+2 {Sixth I. ongiiudinal w) -Runs a curved course from 

its margin. ■ i- i • \ 

In some mosquitoes there is a second anal vein (seventh longitudinal vein), 
but mon‘ often tliis is only indicated by a fold or incrassation. Ihere may 
ha a vena spuria or marking between the cubitus and the anal vein. 

9. Transverse or Cross Veins. 


{a) Th(‘ Humeral, between the Costa and Subcosta. 

\b) The Kadial, between Radius 2+ 3 and Radius 4+ 5 (second 4- third 
longitudinal veins). 

(f) Tlu‘ J^adio-medial, between the Radius and Media (third + fourth 
longitudinal veins). 

{d) The Mcdio-cubital, between tlie Media and the Cubitus (.fourth + 
fiftli longitudinal veins). 


These veins mark out the following cells: — 

I. Tile Costal cell, betweim Costa and Subcosta, but subdivided by the 
luinu'ral vein. 

2. Subcostal (Mediastinal) cell, between Subcosta and Radius i. 

3. Marginal cell, between Radius 1 and J<adius 2+3. 

4. h'irst Submarginal cell, between Radius 2-f 3. 

5. Second Submarginal cell, Vietween Radius 2+ 3 and Ra.dius 24-5. 

(), I'irst J\)sterior cell, between Radius 44-5 and Media. 

7. Sf'cond Fosierior cell, lietween Media 14-2, 

8. 'Third Fosierior cell, Ixdween Media and Cubitus. 

V). T'oiirth I’osh'i'ior cell, between Cubitus 14-2. 

JO, Anal cell, between Cubitus and Anal 1. 

II. Axillary cell, between Anal 14-2 and Anal 3, when present. 

12. Spurious cell, behind Anal 3, when present. 

13. Anterior Fasal cell, bounded anteiiorly by the l^adius i, posteriorly 
by the Mtulia, and extei nally by the Radial transverse vein. 

14. I’osterior F>;\,sa,l cell, Inmnded anteriorly by the Media, and posteriorly 
by tlu' (aibitus, and ext('rnally by the Medit)-cubital vein. 

d he wijig lias scales on all its veins, except the cross and the spurious veins, 
which aia^ arranged in two ways; (i) 'I'waj rows of flat scales on each vein; 
(2) lateral scales adong eacli vein. 

Generally these scales in the Anophelinae are lanceolate, or long and narrow, 
but oiu‘ genus, CvclolepJ>leyon, has large inflated scales. It will be found that 
scales vary much in the dithuent genera and s])ecies, the principal forms of 
which may be gathered from the followdng: The posterior margin of thc^ 
wdng carries a fringa' consisting of scales arranged as follows: (i) Fiat scales; 
(2) long lanceolate scales; (3) short lanceolate scales alternating with the 
long lanci'olate scales. 

A bdojnen.- -There are eight segments in the abdomen, each of which consists 
of a dorsal j)late, tlu' tcu'gum, anti a ventral jflate, the sternum, joined together 
by a pleural membrane, on wdiich lie the abdominal spiracles, said to number 
six or tu’ght by dilferent observers. 

On tilt' posterior end of the terminal segment are the external genital 
organs. In the male these consist t)f a pair of large basal lobes, each termin- 
ating in a clasp segment armed wdth a claw, thus forming the clasper. The 
arrangements of the male genitalia vary so much that they have been used as 
a method of classification. Therefore it is necessary to explain in a general 
way the terms used with regard to the various parts which may be found. 
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On the ventral surface of the basal lobe is tJie tubercle or lobe, called the 
claspette, while from their inner margin, near the base, a pair claspers 
called harpagones, and more distally another pair, the harpes, project. Just 
at the junction of the two basal lobes are another pair of lobes -tlie setaceous 
lobes — ^which arc believed to be the rudimentary ninth segment. The unci 
are absent in the Anophelinae, but present as a pair of ventral processes in the 
Culicinae. In the female there are the flap-like ovipositors. 

The fiat abdominal scales of the other Culicidie are absent in the Anophelinae, 
except in one genus. 

Internal Anatomy. — A few points with n^gard to the internal anatomy of 
the mosquito may be mentioned. 

Alimentary Canal. — The alimentary canal consists of: (i) Mouth; 
(2) buccal cavity; (3) pharynx, or piiniping organ; (4) cxisophagus and its 
pouches; (5) oesophageal valve, or proventriculus; (6) mid-gut; (7) ileum; 
(S) colon; (9) rectum; (10) anus {vide Tig. 385). 



Fig. 385. — The Alimentary Canal oe Anopheles maculipcmiis Meigen. 

(After Nuttall and Sliiplt*y, Jonvnal of Hygiene) 

I, Moidh and buccal cavity; 2, pharynx; 3, ossopliagus ; 4, dorsid and ventrnl 
oosopliageal diverticula; 5. proventriculus; (>, salivary glands; 7, narrow 
portion of veiitriculus ; 8, so-called stomach; 9, Malpighian tubules; 10, intes- 
tine; II, rectum; 12, anus. 

1. Mouth . — The mouth is the place where the maxilhe, mandibles, labrum- 
epipharynx, hypopharynx, and palps fus(^ togetlier. 

2. Buccal Cavity.- - This extends from the inoiith to the valve between it 
and the pharynx, and is limal with chilin, and has an upward and backward 
direction until it a})proaches the pharynx, when it turns suddenly upward. 
There is a portion of its roof which possesses a thinner cuticle than the rest 
of the buccal cavity, and has been called the soft palate, d'his structure 
possesses two spines directed downwards into the lumen of the cavity, and has 
attached to it five pairs of palatal muscles. It is thought tliat as this mem- 
brane is Avrinkled, and has muscles attached to it, it may indicat that it is 
used for suctorial purposes. IMsteriorly there is a valve between the buccal 
cavity and the pliarynx, lying on a level just behind the posterior end of the 
clypeus. This prevents the return of fluids to the mouth during pumping. 
Annett and Dutton described a complicated sense-organ at the junction of the 
buccal cavity and the pharynx, but this ’.as not been confirmed. 

3. Pharynx . — The jiharynx extends from the posterior end of the buccal 
cavity to nearly the posterior end of the head, where it ends in the cesophagus. 
It is considerably larger in the female than in the male, because tlie former 
sucks blood, while the latter does not. The anterior portion is tubular, and 
]iasses through the nerve ring between the supra- and infra-msophageal 
ganglia. The posterior portion is triangular, and has a chitinons wall arranged 
into thrc(^ jilates, oik* dorsal and two latero-ventral. 

Posteriorly, near the cesojhagus, the triradiate pharynx is siirroumk'd I)y 
a sphincter muscle, and the cliitin of this portion is marked by ridges, which 
end in very fine spines, making a comb-like appearance, and jiossibly <'i,cting 
as a strainer. The three chitinous plates have powerful muscles attached 
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to them, of which the two posterior dorsal dilators run from the occiput to 
the dorsal plate; the two anterior dilators (two pairs in the female) taking 
their origin from the vertex arc inserted also into the dorsal plate, and the 
five-paired latero-ventral dilators arising from the lateral posterior angle of 
the head pass upwards and a little forwards to the latero-ventral plates. 
When these muscles contract the triradiate pharynx becomes nearly circular, 
and when they relax the walls come together. 

In this way the pharynx pumps the blood from the victim up the blood 
tube in the proboscis into the alimentary canal. 

4. (Esophagus . — The short (esophagus runs from the pharynx to the oeso- 
phageal valve. Anteriorly it is narrow, but posteriorly it expands so rnuch 
that this ])ortion is sometimes called the crop. It is lined with thin chitin, 
and has many bands of muscles attached to it. Its posterior end lies on a 
level with the origin of the first pair of legs, and at this situation it gives off 
three pouches, two dorsal and one ventral. The large ventral pouch opens 
into the msophagus by a single opening in the middle line, and extends back- 
wards under the alimentary canal to the level of the fifth, sixth, or seventh 
abdominal segment, when fully distended. In shape it is fusiform. The 
two small latero-d(jrsally placed pouches open into the sides of the oesophagus. 
All these sacs are lined with thin chitin, and have some slight musculature. 


m 





Fig. Tiiii .\ltm1':ntary Canal of Anopheles maciilipcnnis in situ. 

(After Nuttall and Shipley, Journal of Hygiene.) 

1, ProlKjseis ; 2, buccal cavity; 3, pharynx; 4, oesophagus; 5, cesophageal 
pouches; o, salivary glands; 7, proveiitriculus ; 8 and 9, rnid-gut ; 10, Mal- 
pighian tubes; ii, ileum; 12, colon;. 13, rectum; 14, rectal papillae; 15, anus. 

5. The (Esophageal Valve or Pyoventriculus. — The (esophageal valve is an 
annular thickening of the inte.stinal wall, due partly to circular muscles, which 
arc capable of closing th(^ lumen of the gut when they contract, and partly 
to an invagination of the more anterior portion of the gut into the more 
posterior, thus forming a valve. Projecting from it arc six small protuber- 
ances, more marked in the larva than in the adult insect. Christophers 
considers that this portion of the alimentary canal is the proveiitriculus of 
other insects. It is not lined with chitin. 

6. Mid-Gui or Chylific Veniriclr.~ -Th(? mid-gut is a straight tube running 
from the oesophageal valve at the level of the first pair of legs to the posterior 
limit of the sixth abdominal segment; but this varies as to whether it is filled 
with food or not. It consists of two parts : an anterior narrow, and a posterior 
more distended, often called the ‘ stomach,’ which begins on a level with the 
second abdominal segment, and is the receptacle for the food. The wall of 
the stomach is composed of the following layers; — 

(1) A delicate internal cuticle. 

(2) A single layer of large cylindrical or cubical epithelial cells with large 
nuclei ; their condition varies with the state of distension of the stomach. 

(3) An elastic basement membrane. 

(4) Muscular fibres, circular and longitudinal, forming a loose network. 

In this last layer there are numerous air-tubes or tracheae, which probably 

help to keep the gut in position in the cadom. 
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7-10. Hind-Gut. — This runs from the end of the mid-gut to the anus, being 
divided into the following regions : — 

(1) A dorsally bent portion, the ileum, lined by flattened epithelium. 

(2) A ventrally bent portion, the colon, lined by cubical epithelium. 

(3) dilated portion, the rectum, which has six large ovoid papillae. 

The rectum narrows just before the anus, which opens on the last segment 
of the body. 

Malpighian Tubes. — There are five Madpighian tubes opening at the junction 
of the mid- and hind-gut. 

Salivavy Glands. — -dhc salivary ghiiids consist of two groups, each con- 
taining three acini, lying on each side of the body, in the anterior portion of 
the thorax, close against the prosternum, aind extending almost as far back 
as the proventriculus. The ducts from c^ach 
of these acini unite together to forni a 
single duct on each side, which passes for- 
wards through the jicck into the head, where 
it unites beneath the suboesophageal ganglion, 
with its fellow of the opposite side, to form 
a common salivary duct. This duct passes 
forwards to end in the salivary pump, which 
is continuous with the salivary groove or 
canal of the hypopharynx. The duct of the 
salivary gland, therefore, is not in any way 
connected with the alimentary canal. These 
glands, which are much larger in the female 
than in the male, are composed of acini, 
surrounded by a basement membrane which 
is very deUcate and structureless, and upon 
which rests a single layer of epithelial cells 
surrounding a central lumen. The whole 
acinus lies in a cleft in the fat-body. 

Space does not permit of descriptions of the 
vascular, nervous, and muscular systems being 
included. 

Reproductive Organs. — The female repro- 
ductive organs consist of ovaries, oviducts, cind a common oviduct, a mucous 
gland and its duct, and a spermatheca and duct ; while the male organs are 
testes and vasa deferentia, which, after receiving the ducts of the receptacula 
seminis, run to an ejaculatory duct, wliich ends in a short penis. 

Life-History. — mosquito passes through a complicated life 
cycle, consisting of an egg, a larval, and a pupal stage, the last- 
named giving rise to the perfect insect or imago. 

Soon after a female insect is hatched it probably becomes fertilized, 
though some authorities believe that this does not take place until 
after the first meal of blood, which in any case precedes the ovi- 
position, which takes place in the early morning. 

The eggs, which number about one hundred, are laid upon the 
surface of the water, on which they may be seen arranged in stars, 
rows, or triangles. 

The eggs of A. maculipennis are boat-shaped, about 0*5 to i 
millimetre in length, with a flat upper and convex lower surface, 
and with one end somewhat broader than the other. The head of 
the larva will be found at this broader anterior end. The upper 
surface is granular and reticulated, while the lower is smooth. 
On each side of the middle third the chitinous capsule is thrown into 
folds, called floats, while the margin projects as a chitinous frill. 



Fig. 387. — Egc. of Anopheks 
macidipcnnis. 

(After Nuttcill and Shipley.) 

On the left the egg is seen 
from above, and on the right 
from the side. 
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The duration of tlic egg stage lias not been well defined. Nuttall 
nnd qhinlev dve two to throe days for AfWpheks macuhpennis, but 
ana s l y fc probable that it is shorter in the 

\4iip- / tiopirs. The appearance and grouping of 

•Ml/fw ' the eggs are quite different in the CuJic'nae, 

. as will be mentioned later. 

, ; 'I'he larva escaping from the blunt 

- 'yTs,".' '4' >Y^V anterior end of the egg by the shifting off 

1 / jp/y of a piece like a cap from the rest of the 

i'v' y^- , sliell is seen to consist of head, neck, and 

When first liatcbed the head is very black, 
but later on it becomes lighter in colour, and 
X, y shows cliaracteristic markings. At the back of 

fbc lu.'iad there is a little notch, and from this a 
y. V-shaped dark line opens forwards, formed by 

^ VI y ^ diverging bands of chitin, arranged along 

^ whicli fire patches of pigment, whicli give rise 

■■■"'it ch.aract eristic markings. There are two 

'y *7 firge compound eyes, behind each of which lies 

‘^bigle eye-spot, or ocellus. 

''7 *" 'J'lie antennal are conspicuous rod-like bodies 

L J (aiding in two Icaf-.shapcd appendages, between 

A rv /y ^ wliich is a branched hair, while another hair of 
T ■*' ^ syK'citic importance arises from a papilla situated 
‘b ^b(‘ junction of the proximal and middle 
; thirds. 

; / 1 ietween the roots of the antenna and projecting 

(/||'> \ forwards there is a smooth, shield-like area, the 

ijl clypeus, which carries four or six hairs, which arc 

T' also of specific importance. 1 wo of these hairs 

(iiitf'rnal clypeal hairs) arise fLiiteriorly near the 
® middle line; external to these lie the external 

. clyptal liairs, which arise from the outer angle 

I of clypeus; and behind them lie the Tiosterior 

AnopluR.^ maaiiipnnns. Somolimes there is a basal hair 

(After Nut tall and Sliijilev, extm'ual to the fintennax 

Joiirnul of Jh'tpiou .) I be mouth parts consist of two large h^eding- 

lu uslies, two maxillary palps, two mandibles, and 
1, Internal cly})(Ml hairs ; (,n the ventral median line the under lip of 

2, external clypeal hairs; IMcinert, a conical chitinous structure, and a 

3, .'intenna' ; 4, liead mark- snout- like process covered with hairs projecting 
mgs; 3, thorax; (>, abdo- iKdwemi the brushes. 

men; 7, jialniate hair; S, lliorax is large, increasing in size as the 

stignuitic siphon; <), last ku'va grows older. It has numerous hairs, and 
segment. sometimes a pair of the palmate hairs presently 

to be described. 

There fire nine .segments in the abdomen, of which the eighth is characterized 
by pcxssessing tlu* openings ol the trachea', and the ninth by posse.s.sing four 
larg(' papilhe, and luiirs projecting downwards and backwards. The first two 
segments possess a pair of large featlmred hairs on each side, the third a single 
hair on each side. 'I'he others do not possess these hairs. Certain of the 
abdomiiud segments liave small, fan-sluiped hairs, called ' palmate hairs,’ fixed 
by a short stalk on the outer sick' of the dorsum of the segment, hlach of these 
consists of nineteen to twenty lealk'ts, which are capable of closing and opening 
upon tile stalk like a fan. These hairs are rudimentary in the freshly hatched 
larva, but in the adult they arc well marked, and have been used for purposes 
of classification, according to the variations in their number and position, and 
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the characters of the leaflets and their terminal hairs, if present. These hairs 
are of use in helping to keep the larva in its horizontal position when it comes 
up to breathe on the surface of the water. 

The stigmatic siphon is placed, as already mentioned, on the eighth seg- 
ment, forming by means of raised, toothed, chitinous processes i quadrilateral 
space. 




Fig. 390. — Larva of a Culicine Mosquito hanging down from the 
Surface of the Water. 

(After Howard.) 


The teeth are of great importance, being capable of being approximated so 
as to close the cavity, and thus protect the two openings of the tracheae which 
lie in the anterior portion of the siphon. From these openings the long 
tracheae can be seen running from hack to front along the larva. 

The duration of the larval stage varies with food and tempera- 
ture, being longer in the temperate zone than in the tropics. 
According to Stephens, it is twelve days in Cellia argyrotarsis and 
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eleven days in Myzomyici tem^CTatTzone'''^T^e 

one days in Anopheles macuhpemns m the temperate zone, ine 

arc'S;'dtto'^hed fro„. Anopheline larv. 
by the fact that the spiracles are earned on a long r^piratory 
siphon, formed by a idrolongation of the dorsum of the eighth 
abdominal segment, which has been used to distinguish the different 


species (Fig. 390). 

Below the siphon on the eighth segment there are spines, forming 
a comb, while along the length of the siphon there is another comb, 
distal to which is a tuft of hairs. The variations in these structures, 


together with those in the length and breadth of the siphon, asso- 
ciated with those of the antennae and clypeus, afford means of classi- 
fying the Culiciiie larvae. For further information, consult either 

Theobald’s Monograph, vol. iv.. 



p. 6, or Felt’s paper, Bulletin 97 
of the Division of Entomology 
of the New York State Museum. 
The Mcgarhininae, .lEdinae, and 
UranotamincC possess larvae be- 
longing to the Culicine type. 

The pupal stage lasts about 
forty-eight hours. Towards the 
end of an afternoon the pupa 
comes up to the surface, and the 
dorsal portion of the thorax splits 
with a T-shaped fissure, and the 
adult insect or imago emerges. 
Pupae do not eat. 

Differences between the Anc- 
phelinae and Culicinae. — ^The differ- 


Fic;. 3gi.— i*uPA of Anopheles ence between these two important 
maculipennis. families may popularly be de- 

(Aftcr Nuttall and Shipley, Journal scribed aS follows: 

of Hygiene.) The Anophelinae, as a rule, 

project from any plane surface on 
which they may be resting at a sharply defined angle, owing to 
their head, thorax, and abdomen forming a more or less straight 
line; while the Culicime, on the other hand, do not make such a 
well-defined angle, owing to the fact that the abdomen is not in 
the same straight line as the long axis of the thorax. The eggs of 
the Anopheliiite are laid singly, while those of the Culicinse are laid 
ill rafts, ihe larvie of the Anophelinae have no drawn-out siphons, 
and therefore lie more or less parallel to the surface of the water, 
while the larvae of the Culicinae hang downwards. There are, 
however, exceptions to these rules — thus, e,g.y Myzomyia culicifacies 
rests on a surface like a Culex, not like an Anopheles. 

Bionomics. — The imago emerges from the pupa during the late 
afternoon, after which the females are ready for fertilization by the 
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males. These latter can sometimes be seen in large numbers wliilc 
but few females are observed, which is supposed to be characU:rislic 
of the breeding period. 

The female alone bites man and animals, apparently for the pur- 
pose of obtaining rich food for the eggs, while the male feeds on tlie 
juices of plants and fruits, llie female can also be seen feeding 
upon vegetable juices, though this is more common in the females 
of the Cuhcime than in those of tlie Anoplielime. It is believed 




Fig. 392. — Diagram to 
SHOW THE Posture 
OF AN AnoPHELINE 
MosguiTo ON A Wall. 


Fig. 393. — Diagram to 
SHOW THE Posture of 
Another Anopheline 
Mosquito on a Wall. 


(After Saniboii, from the British Medical 


Fig. 39/|.- -Diagram 
to show the Pos- 
ture OF Culex pi~ 
jnens on a Wall. 

Journal.) 


that a female feeds on blood once a day in nature, but this is 
a difficult matter to be certain about. 'Fhe mechanism of the 
bite has already been described in page 223, to which reference 
should be made. It will also be noted that the structure of the 
female mouth-parts is adapted for piercing, while that of the 
male is not. It will also be remembered that only the stylets 
pierce the skin, and that the labium never does so. Infection of 
the victim by the malarial germ takes ])lacc during the act of 

biting, as the sporozoites 
pass down the hypopharyn- 
geal or salivary tube, while 
the infection of the mosquito 
is effected by the blood, 
which passes from the victim 
along the labial or blood- 
tube into the mouth. So 
much blood may be sucked that it may appear per anum. 

Usually the mosquitoes bite at night, and preferably in 1 he dark, 
as, for example, they will attack the ankles of people while sitting 
at dinner at night. 

After feeding, the mosquitoes usually retire to a dark portion of 
the room to digest the food. It is noticeable that they avoid 
white areas during the daytime, and prefer dark-coloured regions 
away from the light, and hence are very difficult to find in ill- 
lighted native huts. 



Fig. 395. — Raft of Culicine Eggs. 
(After Samboii.) 



788 


THE DIPTERA 


In the early morning the female flies to the nearest water and 
lays her eggs. Usually she does not travel far, but is believed to 
be capable of going at least half a mile in case of need. 

The females of the Culicinae do not appear to concern themselves 
as to tlu; nature of the water in which they lay their eggs, but the 
femah' An()j)helince prefer clean water with a certain amount of 
weed, d'his water may be the back eddies of a river, where there 
is Ihc* jH'otection of weeds, or the margins of large lakes, where 
d(aise surface vegetaiion is to be found, or any collection of water 
which contains green vegetal matter, or, failing these, any collec- 
tion of fresh or moderately salt water. Small and large wells aie a 
])roliiic source, ol mosquitoes, as are tmddles, and water in broken 
bottles, shells, and especially in plants like bamboos, etc. Having- 
laid the eggs, they retire to some dark corner during the daylight, 
and emerge at night for another feed of blood. How long they live 
is not known with certainty, and will be discussed, together with 
other features of their bionomics, in Cdiapter XL., under Malaria. 

Mosquitoes can hibernate during the cold weather of the tem- 
})era.t(' zone, and aestivate during the dry hot weather of the tropics. 



1m(.. -Girardiuus pccciloides dk Filippi. 

(The tail shoulil have been drawn expanded.) 


In this latter condition ilu'y bite and suck blood, but apparently 
do not lay eggs, ('Vt'ii if water is provided. The eggs are kept afloat 
on the surface of the wat(;r by tlieir structure, and in due course 
give rise to the larv.e, which are great caters, living not merely 
upon unicellular orgtinisms, such as algae and diatoms, but trlso 
up)on their fellows. Lor ])urpo.ses of obtaining air they are com- 
pelled to come to the surface of the water. The Anopheline larva, 
not possessing a siphon, has to lie more or less parallel with the 
surface of the water in order to enable the air to enter th(' spiracles, 
and this it is able to do by the aid of the palmate hairs already 
mentioned; whih' tin' Culicine larvae have merely to bring the 
apex of the sijflion to the surface of the water, from which they 
apparently hang downwards. Larvae are certainly able to hiber- 
nate, and perhaps eggs also. The pupa does not feed. 

Mosquitoes liave many enemii's and parasites, but the most 
important from a point of view of the prophylaxis of malaria are 
those which eat the eggs, the larvae, and the pupae, of which fish 
are the most important. 

In 1905 C. K. Gibbons pointed out that a small fish, popularly 
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termed ' millions/ which lived in shallow water, was a voracious 
feeder on eggs, larvic, and pup^e of mosquitoes. These fish, which 
belong to the species Grrardinus pceciloides de Filippi, arc found in 
Barbados, which is very free from malaria. They are very small, 
the full-grown female only measuring ij inches in lengtli, while 
the male is smaller. The female is dull in colour, while the male 
is distinguished by red splashes and a black circular dot on its 
sides. The great importance of these little fisli is that they are 
able to live in very shallow water, and to work their way in among 
dense surface vegetation, and thus t(; gain access to the larva?, etc., 
of the mosquitoes, which otherwise are protected by the weeds 
from attacks by the larger fish. Their classification is Teleostei, 
Haplomi, Cyprinodontida‘, genus Haplochilus McClelland, 1839. 
The family contains 220 s])ecies, ol which only 50 live out of 
America. Haplochilus has 24 species in Africa and 35 in Asia and 
America. There is no doubt that IIk'sc small fish should be intro- 
duced into malarious plac(*s as a ])rophy lactic measure against the 
disease. Other closely allied spc'cit^s are G. versicolor Gimther, 
found in St. Domingo, and G, formosits, found in Florida and South 
Carolina. With regard to other species, Gamhusea molliensia is said 
to be of great Value in consuming larvae, (‘S])ecially •when protected 
by dense surface vegetation. Recently Graham lias reported that 
Haplochilus grahami Boulenger, 1911, and H. hifasciafus Stein- 
daclmer, 1881, of the Cyprinodontid;e, eat larvix greedily, while 
Gowdey finds the same for Fundalus IcBniopygus and Haplochilus 
pumilus Boulenger, I9(.)(), in Uganda. 

Certain plants, as is well known, colh'ct water, especially the 
brornelias, the bamboos, and the pitcher-]dants. In this water 
Culicine and sometinn^s Anopheline larvae can be found. E. li. 
(ireen, of Ceylon, has shown that the ilowers of the lobster-claw 
plant (Hcliconca hrasiliensis) can hold a, considerable amount of 
water, in which he found Stegomyia and Desvoidea larvae in large 
numbers. 

Classification. — Various methods of classifying mosquitoes have 
been brought forward. The earliest were liased upon the characters 
of the palpi, but in 1901 Theobald showed tliat they were useless 
for anything but specific characteristics, and based his larger divi- 
sions on the variations of the scales on the liead, body, and wings. 
Felt brought forward a classification based upon the male genitalia 
and the wing veins, but, as Theob Id remarks, the majority of 
known mosquitoes being female, it is most undesirable to take only 
male characters for the classification. Recently Dyar and Knab 
have issued a classification of the Culicidae by larval characters, 
and Eysell has advanced matters considerably by separating the 
Corethrinae from the Culicidae under the term Corethridae, because 
the Corethridae have an entire absence of the long piercing proboscis 
and of scales in the adults, both of which are marked features of 
the Culicidae. It will be evident that this is useful. Lutz has 
brought forward a classification based upon larval and adult forms, 
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which Theobald has modified and brought into accord with one 
based upon scales as generic characters, and this classification is 
followed below. 




Fie.. 3ij7. — IIkai) and Scuteldum of 
Meoaktiinus, to show j'he Scales. 

On the right a protile view of the scales. 
(After Theobald, ‘ Culicida-i of the World.’) 


Theobald’s Classifica 
TiON. — The Culicidae may 
be divided into sublamilies, 
according to the characters 
of the scales on the head, 
body, legs, and wings. 

A. Scutelliim simple, 

never trilobed ; pro- 
boscis straight, 
palpi long in male 
and female — Ano- 
phelince. 

B. vScutellum trilobed: — 

I. Proboscis strongly 

recurved ; first 
siibmarginal cell 
very small — Me- 
garhinincB. 

II. Proboscis straight; 
post-scut ellum 
nude — 


1. Wings with six longitudinal scaled veins: — 

(1) Antenme with second joint normal in length: — 

(a) lMrst'> submarginal cell as long as or longer 
than the second posterior cell. 

Palpi in the female shorter than the 
proboscis; long in male — CuIicincB, 
Palpi short in both sexes — Aldince. 

[h] First submarginal cell very small ; smaller 
than second posterior — VranotcBnincB. 

(2) vXntemia* with S(‘cond joint very long- /Jemo- 

ccraihicB. 

2. Wings with S(*ven longitudinal scaled veins — Hepta- 

pJilchomvince. 

III. Proboscis straiglil ; post-scut ellum with scales or chseta^: — 

1. Palpi long in male, short in female — Trichoproso- 

ponincB. 

2. Palpi short in both sexes. — Dendromvince. 

IV. Proboscis elbowed — Limatince. 


Of these, only the Anophelin^e and the Culicinae, and possibly 
the ^Tldinae, contain species of importance in tropical medicine, 
and concerning these subfamilies a few details must be given. 
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ANOPHELINiE. 

Definition. — ^Culicidse with straight proboscis; palpi long in both 
sexes; occiput mostly with upright forked scales, never with flat 
lateral scales. Thorax with scales or hairs, scutellum never trilobed, 
with scales or hairs. Post scutellum nude. Abdomen with hairs or 
scales. Eggs laid singly, and not in rafts. Larvae without respira- 
tory siphon. 

This is a most important subfamily, because it contains the species 
which are known to carry malaria. The list of known carriers 
will be found in Chapter XXXV. (p. 883). 

It is important for the student of tropical medicine to be able 
to recognize the genera and species of the more important Anophe- 
linae. For this purpose we give the following tables taken from 
Theobald^s 'Manual of the Culicidae,' vol. v., 1910. For fuller 
information the original work must be consulted, but it must be 
admitted that there is a growing opinion that Theobald’s genera 
imperceptibly merge with one another, and are not founded on 
essential points; and Edwards has returned to two genera, Anopheles. 
and Bironella, therefore in Chapter XXXV. (p. 883) we will give 
another classification when considering the anophelineswhich carry 
malaria. 

Subfamily ANOPHELiNiE Theobald, 1901. 

Table of Genera. 

A, First submarginal cell very small — Bironella Theobald. 

B. First submarginal cell large: — 

I. Antennal segments with dense lateral scale-tufts — Chagasia Cruz. 

II. Antennal segments with outstanding scales on the second segment 
and more appressed ones on the first. At least one abdominal 
segment with long flat more or less spatulate scales — Calveriina 
Ludlow. 

III. Antennal segments without dense lateral scale-tufts: — 

1. Thorax and abdomen with hair-like curved scales: — 

{a) No flat scales on head, but upright forked ones. 

(a) Basal lobe of male genitalia of one segment. 

(1) Wing scales large, lanceolate — Anopheles Meigen. 

(2) Wing scales mostly small, or narrow, or slightly 

lanceolate, costa spotted — Myzomyia Blanchard, 

(3) Wings similar to (2), but with fourth longitudinal 

vein very near base of third. Prothoracic lobes 
with outstanding scales — Neomyzomyia Theo- 
bald. 

(4) Wings with patches of large inflated scales — 

Cyclolepptero'^ Theobald. 

(r) Basal lobe of two segments: — 

Prothoracic lobes with dense outstanding scales — 
Feltinella Theobald. 

(b) Median area of head with some flat scales; prothoracic 
lobes mammillated. Wing scales lanceolate — Stethomyia 
Theobald. 

2 . Thorax with narrow curved scales ; abdomen hairy : — 

{a) Wing scales small and lanceolate; head with normal forked 
scales — Pyretophorus Blanchard. 

(6) Wing scales broad and lanceolate; head with broad scales 
not closely appressed, but not forked or fimbriated 
Myzorhynchella Theobald. 
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2, Thorax with hair-like, curved scales, and some narrow curved 

ones in front; abdomen with apical lateral scale-tufts and scaly 
venter; no ventral tuft. Wing scales lanceolate — Arribalzagia 
Theobald. 

4. Thorax with hair-like, curved scales; no lateral abdominal tults; 
distinct apical ventral tuft. Palpi densely scaly. Wing with 
dense, large, lanceolate scales — Myzorhynchus Blanchard. 

3. Thorax with hair-like, curved scales, and some narrow, curved 

lateral ones; abdomen hairy, with dense, long, hair-like, lateral, 
apical, scaly tufts. Wing scales short, dense, lanceolate; fork 
cells short — Christy a Theobald. 

6. Thorax with very long, hair-like, curved scales; abdomen with 

hairs, except last two segments, which are scaly. Dense 
scale-tufts to hind femora. Wings with broadish, blunt, lanceo- 
late -Lophoscelomyia Theobald. 

7. Thorax and abdomen with scales: — 

{a) Thoracic scales narrow-curved or spindle-shaped; abdo- 
minal scales as lateral tufts and small dorsal patches of 
flat scales — Nyssorhynchus Blanchard. 

[h) Abdomen nearly completely scaled, with long, irregular 
scales, and with lateral scale-tufts — Cellia Theobald. 

(c) Similar to above, but no lateral scale-tufts — Neocellia 
Theol)ald. 

{d) Abdomen completely scaled with large flat scales, as in 
Ctdex—A Idrichinella Theobald . 

Thoracic scales hair-like, except a few narrow-curved ones 
in front; abdominal scales long, brcxid, and irregular — 
KcriSszia Theobald. 

{() Thorax with narrow, hair-like, curved scales, some broad 
straight scales, and some spatulate laterally. Abdomen 
with fine hairs except last three segments, which have 
scales. Tufts of scales on hind femora. Wing scales 
1 a n ciio 1 at c — Manguinhosia Cruz. 

Note. — T he genus Conlodiazesis Dyar and Knab is said by Theobald to be 
invalid, being based on Anopheles barheri, which is a true Anopheles. 

Anopheles Meigen, 1818. 

Essentially Anopheles are temperate zone or hill-station Anophelinae, of 
which the type Anopheles maculipennis Meigen, 1818, has been already 
described. 

Eighteen species are definitely known, but in addition there are the uncertain 
species of A. ferruginiensis Wiedemann; A. martini Laveran; A. pursati 
Laveran ; A . vincenti Laveran ; A . vestitipennis Dyar and Knab, 1906; A . strigi- 
macula Dyar and Knab, 1906; A. apicnmacula Dyar and Knab, 1906; A. 
punctimacula Dyar and Knab, 1906; etc. 

Theobald gives the following table by means of which the species may be 
recognized: — 

Anopheles. 

A. Wings spotted: — 

I. Legs un banded: — 

1. Wings with spots formed of collections of scales on the wing 

field ; no costal spots — maculipennis Meigen. 

2. Wings with light and dark costal markings. 

(1) Costa with two yellow spots; — 

[a) Large species : — 

( a ) No fringe-spots — punctipennis Say. 

( b ) Fringe-spots present — p>seudopunctipennis Theo- 

bald. 

[h) Small species. Wings much spotted — franciscanus 
McCracken. 

(2) Costa with one spot — perplexus Ludlow. 
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II. Legs with basal pale bands; — 

1. Costa with two large dark spots— Giles. 

2. Two large and two small basal spots — formosus Ludlow. 

III. Legs with narrow apical bands : — 

Costa dark, with two small pale yellow spots — ivellcomei Theo- 
bald, 

B. Wings unspotted: — 

I. Legs unbanded:-— 

1. Thorax adorned as in Corethra — covethroides Theobald. 

2. Thorax normal ornamentation. 

(a) Second fork cell much more than half the length of the first. 

(1) Palpi unbanded. 

(a.) Petiole of first fork cell more than one-third length 
of cell. 

Abdomen with golden hairs — hifurcatus Limijeus. 
Abdomen with brown hairs— algeriensis Theobald. 

(b) Petiole of first fork cell one-third length of cell — 
barber i Coquillett. 

(2) Palpi banded. Dark species. Wing scales very dense 

- -smit hi Theobald. 

Wing scales not so dense — nigripes Staeger. 

[b) Second fork cell not more than half the length of the first 

— aitkeni Theobald. 

II. Legs banded: — 

1. Hind femora only with broad white bixud— I indsayi Giles. 

2. Apices of hind tarsi pale- immaculaius Theobald. 

Myzomyia Blancharih 1902. 

This Myzomyia includes some important mosquitoes found in West Africa, 
and in India and Ceylon, which are carriers of malaria. 

The diagnostic table given by Theobald is as follows: — 

Myzomyia. 

A. Proboscis unbanded : — 

I. Legs banded: — 

{a) Palpi with three white rings. 

(1) Legs with faint apical pale bands. 

Wing fringe spotted- Giles. 

(2) Legs with prominent apical pale bands, and a broad, pale, 

median band to fore- and mid-metatarsi — lutzi Theobald. 

(3) Legs (hind) with apical and basal pale bands. 

Wings with five to six pale costal spots, the largest T- 
shape d — rosi;i Gi les . 

Wings with three yellow costal spots — longipalpis Theobald. 

(b) Palpi with two white rings 

(1) Apex w\\\tc—aconita Donitz. 

(2) Apex black — d’thali Patton. 

(c) Palpi with four white ling^—jehafi Patton. 

2. Legs spotted and banded: — 

(a) .Supernumerary cross-vein straight. Palpi with three white 

bands. Apical and basal pale leg banding. 

(1) Third large costal spot with two spots beneath on first 

vein — ludlowi Theobald. 

(2) Similar, but much smaller — mangy ana Banks. 

(3) Third costal spot T -shaped, as in vossi — indefinata Ludlow. 

(4) Thorax with two ocelli; wings much spotted — tessellaia 

Theobald. 

(b) Supernumerary cross-vein markedly curved — pyretophoroides 

Theobald. 
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A 3. Legs imbanded — 

(a) Apex of palpi white and ringed. Three pale palpal bands. 

(a) Third long vein mostly yellow — listoni Liston. 

(b) Third long vein dark. 

fi) Several fringe-spots — leptomeres Theobald. 

(2) Two fringe-spots — culicifacies Giles. 

(3) No fringe spots — rhodesiensis Tlieobald. 

(/;) Apex of palpi white only — nili Theobald. 

(c) Apex of palpi black. 

(1) Black apex narrow — iurhhudi Liston. 

(2) Black apex broad — hispaniola Theobald. 

4. Legs with spots only at joints. Palpi with three bands; apex black 
—azviki Patton. 

B. Proboscis banded: — 

1. Legs unspotted — aUnro.^lris Theobald. 

II. Legs spotted — thorntoni Ludlow. 


Neomyzomyia Theobald, 1912. 

This genns includes only one species, Ncowiyzoyyiyia elegufis Tames, 1903. It 
is found in India. 

Pyretophorus Blanchard , 1902. 

The important species is Pyretophorus costalis, the spreader of malaria in 
West Africa and Mauritius. 


Pyretophorus. 

A. Legs unbanded : — 

pale bands; apex black — nigrifasciatus Theobald. 
11. Palpi with three pale bands; apex white: — 

{a) Wings with four large and two small black costal spots; mid 
cross- vein very long — nursei Theobald. 

{b) Wings with four large black spots; mid cross-vein normal — 
minimus Theobald. 

{c) Wings^ with five large black costal spots: — 

(1) Idrst fork cell much longer than the second posterior — 
ser genii Theobald. 

(i) First fork cell about as long as the second cell — palesti- 
nensis Theobald. 

B. Legs banded :■ — 


C. 


I. Legs with apical banding. Hind-legs only banded. Palpi, black 
apex, and three pale bands. 

(fl) Three dark lines on post-scutellum — myzomy facies Theobald 
I r a' 1 , post-scutellnm—r;?flwT?oyeT Theobald. 

H. A 1 legs with apical jiale bands. Palpi with three white bands. 

(a) Wings with Fair black costal spots; fringe unsTK)tte(F-s7</>^r- 
pictus Grassi. ^ 

(h) Wi'iRS with four large and two small costal spots; fringe spotted. 
(A) Aim;al palpal band broad; other two smixW—jeyporenais 
Theobald. ^ ‘ 


median palpal bands broad — austeni Theo- 


III. 


(b) Apical and 
bald. 

(c) Ihoiacic scales creamy — pitchfordi Power 
Fore and hind legs with apical pale bands. 

Four white palpal bands — cinereus Theobald. 

Legs spotted and banded :— 

I. Last three liind tarsals all white. 

Thorax golden scaled — aureosquamiger Theobald. 
II. Last hind tarsal not white: — 

(a) Femora and tibiae spotted. Tarsal bands apical 
bands. 


Three palpal 
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(a) Apical one broad; others narrow: — 

(1) Fringe-spots narrow — costalis Loew. 

(2) Fringe-spots hroa.d~~merus Donitz. 

(b) Apical and median ones broad — marshalli Theobald. 

{h) No spots on femora — pseudoco stalls Theobald. 

(6’) hcmora, tibiae, and first tarsals spotted. Tarsal bands apical. 
Four palpal bands — ardensis Theobald. 

Myzorhynchus Blanchard, 1902. 

These mosquitoes are usually said to only occur in the open, but we have 
repeatedly found Myzorhynchus barbirostn s in houses. M . sinensis is known 
to carry the parasite of malaria in Japan. No species have so far been 
reported from America. 

The thirteen species can be recognized as follows (it has been assert etd that 
Anopheles coustam, which has never been correctly placed, is M. roustani 
Laveran, but see Chapter XXXV. on this point) : — 

Myzorhynchus. 

A. Palpi unbanded: — 

I. Last hind tarsals brown. Legs with pale apical tarsal bands: — 

{a) One fringe-spot. 

(1) Legs not spotted — harbirosiris van der Wulp. 

(2) Legs with speckled femora and tibia?, and more numerous 

‘ round-ended ' scales on the wing — pseudobarhirostris 
LtkUow. 

Several fringe-spots - — bancrofti Giles. 

No fringe-spot. 

(1) One pale costal spot; wings with light and dark scales — 

umbrosus Theobald. 

(2) Two pale costal spots ; wings mostly dark scaled — strachani 

Theobald. 

II . Last hind tarsal white — albotcBniatus Theobald. 

B. Palpi banded: — 

1 . Last hind tarsal brown: — 

[a) Wing-fringe with one pale spot — sinensis Wiedemann. 

{b) Wing-fringe unspotted. 

(a) Palpi with four pale bands; apex white. 

1. Wings with two yellow costal spots. 

(1 ) Wings distinctly spotted — vanus Walker. 

(2) Wings without prominent spots — pseudopictus 

Grass! . 

2. Wings with two white costal spots — minuius Theobald. 

(b) Apex of palpi black — nigerrimus Giles. 

11 . Last two hind tarsals vAvAe- —mauritianus Grandpr6. 

III . Last three hind tarsals whitci — paludis 'I'lieobald. 

Nyssorhynchus Blanchard, 1902. 

The important member is Nyssorhynchus fuliginosus Giles, 1900, which is 
without doubt a malarial carrier. Theobald's diagnostic table is as follows : — 

Nyssorhynchus. 

A. Last hind tarsals brown: — 

Legs spotted : — 

(а) Apical pale bands to legs. 

(1) Proboscis dark — stephensi Liston. 

(2) Proboscis pale on apical half — masteri Skuse. 

(б) Apical and basal pale banding — annulipes Walker. 
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B. 


C. 

D. 


Last hind tarsal white 

I. Legs spotted with white: 

(a) Fsivi with three white hands—iinllmori James. 

(b) Palpi with four white himds—viaculatus Theobald. 

II. Legs not spotted; four palpal hiinda^ -kayzmn James. 

Last two hind tarsals white. I.egs with mottled femora, tibia}, and tarsi 
thref' wliite palpal bands . ■ • 

(a) Two apical palpal bands close logetluT - Giles. 

(Z^) 'Fwo apical palpal bands far ii]XLri-~^prrforiensis Theobald. 

Last two and a half to two and three-quarters tarsals white— tibani Patton 


E. Last three hind tarsals white. 

J Pall)! wit li three white bands: — 

’ (a) Palpi spotted; legs spoticd—mticuhpa/pts Giles. 
b I’alpi spotted; hind legs not banded- Theobald. 

(c) Palpi not spotted; legs spotted- Jamrsh d'heobald. 
h/) l\alpi and legs not spotted. 

(i) Wings with four white costal spots-— Giles. 

(j) Wings with live white costal spots — nivipes Theobald. 
II. Palpi with four white bands — philippineyzsis Liullow. 

Jc Legs uniformly hxown- -brim nip cs Theobald. 


Cellia Theobald, 190}. 

This g(mus, which is widely distribuh'd throughout the tropics, has two 
malarial carricu-s, Cellia argyrotarsis a,nd albiniana, the latter being also 
known as a filarial carrier. 

CiCLLIA. 

A. Legs with last three hind tarsals white: — 

I. Dark species — argyrotarsis Robineau-Desvoidy. 

11. 1 )ark speci(‘s, but with whitish-grey apex to abdomen— braziliensis 
Chagas . 

III. ’Yellowish speeies—pulchcrrima Theobald. 

B. Legs with last hind tarsals white: — 

1. J'einora and tibite mottled; a])ical foot-band.s — pharoensis Theobald. 
11. Femora and tibiai not mottled— 6/gob’ Theobald. 

C. Legs with last hind tarsal white, except base; second and third white — 

albimana Wi cHlemann . 

D. Legs with last hind tarsal dark. 

1 . Dark spi'cies; three white long lateral thoracic lines — squamosa 
'J'heoliald. 

11 . Pale sp(‘ci(‘s: - 

(u) Thorax with two eyc'-like spots; pleurae pale with large black 
spots- kochi Dbnitz. 

(6) Similar, but with wings more spotted — punctulaia Dbnitz. 


Subfamily Culicin^ Tlieobald, 1901. 

Definition. — Culicidae with straight proboscis, long palpi in the male, short 
in the female. Post-scutellum nude; wings with a long hrst submarginal cell , 
and without a third anal vein. Larvie with respiratory siphons. 

^ Remarks.--Thcre are upwards of sixty-three known genera, but of these only 
Stegoniyia, Culex, and perhaps Mansonia, are of importance to medical men 
at present. 

Stegomyia Theobald, 1901. 

Definition.— Culicinae with the head and scutellum clothed with flat scales. 

Remarks. — The important species is Stegomyia fasciata, the tiger mosquito, 
which spreads yellow fever. It is peculiar in that it bites chiefly in the after- 
noon. It is found all over the world, which is due to the fact that it can live on 
board ship easily. 
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Unfortunately its name is about to be changed either to S. calopus Meigen 
or 5 . frater Desvoidy. Theobald at present is not certain which will prove* 
to be the correct term. The name as it stands at present if S. fasciata 



Fig. 398. — Head and Scutellum of Stegomyia, to show Scales. 
(After Theobald, ‘ The Culicidaf of the World.’) 

Fabricius, 1805 (non O. F. Miiller, 1764) (synonyms: Culcx calopus Meigen, 
1818 (?), C. frater Desvoidy, 1827). O. F. Midler, it appears, used the term 
‘ fasciata ’ for a Culcx in 1764. 


A. Proboscis banded: — 


Stegomyia. 


I, Legs basally banded : — - 

{a) Thorax brown, with scattered, creamy- white scales — annuli- 
rostris Theobald. 

(h) Thorax black, with narrow, curved, golden scales — periskelata 
Giles. 

II . Legs with basal and ;i,pjcal banding. Fore-legs with no bands; mid 

with apical and basal bands on first tarsal and second tarsal; hind 
with basal bands. 

Thorax white in front, with a brown cye-like spot on each side— 
ihomsoni Theobald. 


B. Proboscis unhanded:- - 

I. Legs basally banded: — 

(a) Abdomen basally banded. 

(a) Thorax with one median silvery white line — scutellaris 

Walker. 

(b) Thorax similar, but wi h two white spots near where the 

line ends. 

(c) Thorax with two median yellow lines, and lateral curved 

silvery lirus — fasciata Fabricius. 

(d) Thorax with two short median pale lines and a white patch 

on each side — nigeria Theobald. 

(e) Thorax with large lateral white spots in front, smaller 

ones by the wings, two narrow median yellow lines, and 
two posterior submedian white lines- — lilii Theobald. 

(f) Thorax with a white W-shaped area in front, a prolonga- 

tion curved on each side enclosing a brown, eye-like 
spot — alba Theobald. 
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(g) Thorax with while frontal median spot, two large lateral 
' ^ spots, one small spot on front of wings, one narrow 
inediaii white line and narrow submedian lines on 
posterior half. Last two hind tarsi wliite — wellmam 
Theobald. 

Ill) Thorax brown, with broad wliite lint^ in front, extending 
’ laterally towards the wings, where they swell into a 
large patch, a white line just behind wings. Last two 
hind tarsi white — albtpes 'Iheobald. 

(i) Thorax with silvery white spot on each side in front, small 
spot over root of wings, and a white spot over the base 
of the v^m\i^s—pseudomgena Theobald. 

(j) Tliorax with two lateral white spots, the front one the 

largest; a small median one near the head; two yellow 
median lines and a short silvery one on each side before 
the sciitellum — simpsoni 'J'heobald, 

(k) Thorax with a silvery white sealed area in front, and 

another on each side in front of wings- — argenteomaculata 
Theobald. 

(L) Thorax with a median, yellowish-white line, a silvery patch 
on each side in front of the wings, extending as a fine 
yellow line to scutellum, and another silvery spot before 
base of each wing — poweri Theobald. 

(m) Thorax with small grcy-scaled area in front of roots of 

wings, and three short creamy lines behind — minu- 
Hssima Theobald. 

(n) Abdomen black, tilth segment with yellow basal band, 

sixth Liiibanded, (seventh) two medio-lateral white spots, 
(eighth) two baso-lat(M'al white spots; second hind tarsi 
nearly white — diibia Theobald. 

(/i) Abdomen unhanded, 

(1) 'J’hird iiind tarsal nearly all white. 

Thorax with two lateral white marks directed upwards — 
africana Theobald. 

(2) First liind tarsal all white. 

Thorax with one white spot anteriorly, and one in front 
of each wing — apicoargentea Theobald. 

Thorax chestnut brown— terrens Walker. 

11. Legs with white lines as well as basal bands. 

J'horax brown, with white lines; abdomen with basal bands — granti 
Theobald. 

III. Fore and mid legs with apical bands; liind basal. 

Fourth tarsal of hind-legs nearly all white — mediopunctata 
Theobald. 

Base of mid-nietatarsi, base and apex of hind, and base of first 
tarsal with pale banding — assamensis Theobald. 

IV. L(;gs iinbanded: — 

(a) Abdomen basally banded. 

(1) Ihorax with front half silvery white, remainder bronzy- 

brown- — pseudoffivea Theobald. 

(2) Thorax deep brown with scattered golden scales — albo- 

cephala Theobald. 

(3) Ihorax brown with golden stripes- — auriostriata Banks. 

{b) Abdomen banding indistinct. 

Thorax with broad silvery white patch on each side anteriorly — 
albolaieralis Theobald. 

(c) Abdomen unbanded. 

Ihorax with six silvery spots — argenteopunctata Theobald. 

(d) Abdomen with apical white lateral spots. 

Thorax unadorned, except for pale scaled lines laterally — 
punctolateralis Theobald. 
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(e) Abdomen with basal white lateral spots. 

(1) Thorax with two pale, indistinct, median, parallel lines, and 

silvery lateral spots — -minuta Theobald. 

[2) Thorax unadorned. 

White spot mid-head — iripunciata Theobald. 

No white spot — amcsii Ludlow. 

C. Proboscis yellow basally, dark apically. 

Abdomen with apical pale himds—crasstpes van dcr Wulp. 

D. Proboscis with median interrupted white line on basal half. 

Head black with grey margin — albomarginata Newstead. 

Note. — S. lamberli Ventbrillon; S. leucomcn^s, S. desmotes Giles; S.striocrura 
Giles, of uncertain position. 


scales or narrow 
Linear lateral vein- 


Culex Lixinaeus, 1758. 

Definition. — Cidicidae with head covered with narrow, curved scales above, 
flat scales at the sides, and upright forked scales. Male palpi long, acuminate. 
Female, short. Thorax with hair- 
like, curved 
curved scales, 
scales. 

Remarks. — The important 
species arc Culex pipiens Lin- 
naeus and C. fatigans Wiedemann. 

Culex pipiens Linnaeus, 1758. 

Synonyms. — Culex vulgaris 
Linnaeus, 1767; C. alpinus Lin- 
naeus, 1767; C. agilis Bigot; C. 
ciliaris Linnaeus, 1767; C. com- 
munis de Geer; C. rujus Meigen, 

1818 ; C. phytophagus Ficalbi, 

1889. 

C, pipiens is widely distributed 
in Europe, North Africa, and 
North America, where it is the 
common brown mosquito. 

Its general appearance is well 
shown in the illustration, in 
which the head is brownish from 
the golden-brown scales, as are 
the proboscis, palpi, and antennae. 

The thorax is dark brown, with golden-brown curved scales, and with three 
black lines due to black bristles. Abdomen brown, with basal yellow bands. 
Legs are brown and unbanded. 





Fig. 399. 'Head and Scutellum of a 
Culex, to show Scales. 

(After Theobald, ‘ Culicidse of the World.’) 


Culex fatigans Wiedemann, 1 828. 

Synonyms. — Culex cestuans Wiedemann, 1828; C. pungens Wiedemann, 1828; 
C. pallipes Meigen, 1838; Heteronychia dolosa Arribalzaga, 1896. 

This is the common brown house-mosquito of the tropics, wliich is believed 
to spread dengue fever. 

It resembles the above, but has only two dark lines on the thorax as a rule, 
while the basal abdominal bands are white or pale cream colour, and the first 
fork cell is longer. 

JEdinm Theobald. 

Definition.— Culicidae with straight proboscis, short palpi in both sexes, 
usually plumose antennae in the male, pilose in the female. Wings with six 
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scaled longitudinal veins, and with the first submarginal ceU as long as or 
longer than the second posterior. Post-scutellum nu e. 
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Chapter XXXV.). Loew suspects sortie of iHcemogogus ?) as possible 

carriers of Ft/ana (especially F. ^^ys^ans). 

The eggs are laid in rafts, and the larvae have respiratory siphons. A 
number of genera are described by Theobald, whose work should be consulted 
if further information is desired. 

Limatin^ Theobald. 

Definition. — Culicklae with elbow- 
bent proboscis and squamae on post- 
scutellum. Palpi short in both sexes. 

First fork cell longer tlian second. 

Genus. — Limatus. 

Family Corethrid^e 
Eysell, 1905. 

Definition. — Orthorrhapha ne- 
mocera with short proboscis not 
formed for piercing, without 
scales in the adult condition, 
with transparent larvae rather 
resembling those of Chiro- 
nomus. 

Remarks. — The only reason 
why this family, which includes 
the genera Corcthra and Mo- 
chlonyx, is mentioned here is that it has only recently been 
separated from the Culicidae, of which it formed a subfamily- 
Culicimorphae. 

Family Chironomid.®. 



I Fig. 401. — Head and Scutellum 
OF ^Fdes, to show Scales. 

(After Theobald, ' Culicidae of 
the World.') 


Synonyms. — Tipularice culijormis, Cnlicites Newman, TipiladcB 
Leach, Chironomii Zelt, ChironomincB Rondani. 

Definition. — Orthorrhapha nematocera with head small, often 
retracted under and covered by the thorax. Ocelli absent. No 
transverse suture on thorax; eyes reniform. Antennae from six to 
fifteen joints: pectinate in male, simple and composed of fewer 
joints in female. Wings without veins along the posterior margin; 
costal vein ending near the tip of the wing. 

Remarks. — The Chironomidae include over 800 species of very 
delicate and often quite minute flies, popularly called ' midges,' 
which are found all over the world, especially near water. 

Kieffer classifies the family into three subfamilies, as follows:— 

A. Media and cubitus united by a cross vein — TanypincB, 

B. Media and cubitus united only at the base. 


I. Thorax humped over the head — Chironomii^ cb. 

II. Thorax not humped over the head — CeratopogonincB, 


Of these three subfamilies only the last concerns us. 
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Subfamily Ceratopogoninai Kieffer, 1899. 

Definition. — ChironomidcT with the thorax not prolonged over 
the head, antennx' with fourteen, rarely thirteen, joints in both 
sexc'^ and the last joint never longer than the two preceding taken 
together while the last five are longer or almost the same as the 


preseiiriy to he described; while it' they are laid in water they occur 
ill small clustc'rs of thirty to sixty eggs. The larva is snake-like 
and transparent, and lives on the surface of stagnant water, or 
slowly flowing strc'ams, along which it wriggks and linally develops 
viito a dark-co](nir('d inactive pupa, with usually breathing organs 
on rhe ( iioi'ax, which floats on the surface of the water. 

Genera.- Jdie subfamily has been especially studied by J. J. 
Kieft(T, who r(!Cogniz('S tlie folkAAo'ng genera: Lcpioconops Skuse, 
i<S(S(); i'ci atopoi^on sens// sfriefo Kiefl'iT, 1899; ( 'll ^'icoidcs Latieille, 
1809; (Jicacla Poey, Bozzia Kieffer, Brachypogon Kieffcr, 

1899; ('cralolophits Kieffer, iS()i);Balp()myja Mergele, 1818. Of the 
other genera usually nunitioned he considers Tersesthes Townsend, 
189 p and Mycicrolypus Noe, 1905, to be simply synonyms of Lepio- 
conops Skusc', 1889; and Psycliophcena Phillipi, 1865, Teiraphora 
idiilli])!, i 8()5, and Didymorphleps Weyenbergh, 1883, to be identical 
with (‘itlu’r ('crlupo<gon or ('/{Hcoidcs, but which it is impossible to 
say, as the deS(a'i])iions are too imperfect. 

Key of Genera. 

(fi) Wings absent or rudimentary. 

Wings i>resent. 

(//) i\l('(li;)n-cu])it.'il cross vein present (i.e., cell enclosed by a vein). 
{hh) l\l('(liaii-cul)ital cross vein absent. 

(r) Wing with tour to live very indistinct longitudinal veins, 
wing club-sha})cd, the anterior margin with a long, 
cur\'ed seta; the antennae with about twelve joints. 

(a) W ing margin without long, curved seta. 

{(/) Prol)oscis and palpi rudimentary. 

(eV/j Ualpi not rudimentary. 

[e) Antennae with not more than ten joints. 

[ce) Antennic with thirteen to fifteen joints. 

(/) Antenna' fifteen jointed (Ihiropean and tropical genera), 
k) Wi]igs hyaline. 

(gg) Wings spotted — (i) lEcacia, 

[ff ] AiUenme fourteen or less joints. 

{g) Thorax rounded and not produced over the head. Antennae 
thirteen to fourteen joints, legs of moderate length. 

(//) Antenme thirteen joints — (2) J^cploconops. 

{hh) Antenme fourteen joints, plumose in the male, sparsely 
paired in female. Typical wing venation. 

(i) Wings hairy; last joint of tarsus with an empodium. 

U) fhnpodium well developed, almost as long as the claws, which 
are without seta}— (3) Ceratopogon. 

UJ) L'lnpodium not so distinct, less than half as long as the claws, 
which have setae on the underside — ^(4) Culicoides. 


])r(“CC(l]]]g jOlUi. • 1 11 X rr xn 

^ Life-History - TLc laid on land or waLcr. If they 

■,r,. h,ul on L-md the larva' and pupa resemble those oi Fhlebotomus, 
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{ii) Wings bare; pulvilli and empodium wanting. 

U) Wing with distinctly separated from R24- and not connected 
with It by the cross vein like Ro— (5) JJezzia. 
ijj) Wing with Ro present, cells sometimes indistinct. 

(k) Media wanting— (6) Brachyboaon. 

(kk) Media present. 

( I ) Femora nna.Tmcd-~^{y) Ceratolophus. 

(II) Some of the femora spinose beneath — (8) Palpomyia. 

Leptoconops Skusc, 1889. 

Synonyms. — Tersesthes rownsend, 1893; Mycieroiypus Noe, 1905. 
The flies of the genus are found in Eg^ypt, Australia, New Mexico, 
and Italy. 

Idle various species ra'e E. kerleszi Kieffcr, 1908; L. styi^ius Skuse, 
1889; L. /orrtJWvS Townsend, 1893; L. bezzii Noe, 1905; andL. irrilans 
Noe, and they can be recognized as follows; — 

A. Anteninc of the female, twelve joints, with vcrticillates twice as 
long as the thickness of the joint. Palpi three-jointed. Costal 
nervure stops at the cubitus, kegs without spines, except four 
anterior; metatarsi-tarsal hooks simple (Egypt— T. kerieszi Kieffer). 

B. Antenme of the female thirteen articles. 

I. Palpi with four joints, legs without spines, tarsal hooks 
simple, costal nervure stops at tlu*. cul)itus, flagcdlum 
with dense vcrticillates (Australia — L. siyghis Skuse). 

II. Palpi with three joints. 

{a) Legs without spinulcs, tarsal hooks simple, costal 
nervure nearly to the extremity of the wing, verticil- 
lates of flagelli a little shorter than thickness of 
joints (New Mexico — L. iorrens Townsend). 

{h) Legs armed with spinules, especially the tibias. 

(1) Tarsal booklets of the female witli one large basal 

tooth; those of the male unequal; the anterior 
with one long, curved, S-shap('d tooth; the pos- 
terior with a sliort, arched tooth (Italy — L. bezzii 
Noe). 

(2) Tarsal hooklcts of the female with one strong basal 

tooth, llagellum with some vcrticillates, spinose, 
and stronger than in L. bezzii (Italy — L. irrilans 
Noe). 

New species are L. laiifcB Weiss, 1912, Tunisia; and L. intevniptus Fnderlein, 
1907, South Africa. 

Ceratopogon sensii stneto Meigen, 1803. 

Definition. — Ccratopogonina', with long-haired wings, especially 
in the female, and with a very apparent and hairy cimpodium on 
the last joint of the tarsus. 

Type. — Ceratopogon bipuncialus Linnaeus. 

Kieffer has subdivided this genus into the subgencra Ceraiopogon, 
Airichopogon, and Forcipomyia, but none of the species of these 
genera are definitely known to suck the blood of vertebrates. 
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although Austen states that in the type specimen of the species 
C. castaneus Walker, 1848. the abdomen js apparently distended 
with blood as far as can be judged by external examination. 

Culicoides Latreille, 1809. 

Synonyms.— Ceratopogon Meigen, 1803, pro parie; Cheironomus 

Fabricius. . n -i i 

Definition. — Ceratopogoninse with body small, pilose, or bare. 
Head depressed in front, prolonged into a short rostrum. Proboscis, 
which is markedly longer than the head, with fleshy labium ; labrum 
horny, seated on base of labium. Maxillse long and horny. Antennae 
filiform, fourteen- jointed, hairy, with the second to eighth joints 
cylindrical, ovate, and the next four or five more elongate and sub- 
cylindrical, and the last joint ovate and cylindrical. Subcostal 
vein ending much beyond half the length of wing; radial ending 



Fig. 402. — Culicoides pulicaris: Female. 
(After Austen, ‘ British Blood-Sucking Flies.') 


near tip; cubital ending by the tip. Abdomen composed of eight 
segments. Legs almost equal in length ; femora armed beneath with 
spines. 

Type. — Culicoides pulicaris Linnaeus. 

There are over one hundred known species of this genus (and 
many more have been described since this statement was first 
written), in which only the females suck blood, which they do most 
viciously, and though they are not known to cause disease, still 
they give rise to much irritation, especially as, being very small, 
they can get through any ordinary mosquito-netting. The eggs 
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of the naked species are laid in water, attached to floating algae, 
and give rise to white worm-like larvae and small pupae, with 
prominent respiratory horns. The eggs of the hairy species are laid 
in decaying vegetal matter, and give rise to small larvae. 


Gulicoides grahami Austen, 1909. 

Synonyms. — Culicoides habereri Becker, 1909; CEcacta hosiilissima 
Pittaluga, 1910. 

This minute fly appears to be extremely common, and to be 
almost the most +roublesome of these blood-thirsty insects in 
tropical Africa. It is known in the Spanish Guinea, Ashanti, 
Congo Free State, Uganda, Kamerun, Southern Nigeria, Angola. 
For fuller particulars see Austen’s ' African Blood-Sucldng Flies,’ 
p. 7, Plate I., Fig. 3, and Pittaluga's works. 


Culicoides varius Winnertz, 1867. 

This is the blood-thirsty species in Europe. 

CEcacta Poey, 1851. 

This genus is closely related to Cemtopogon and Culicoides. The antennae 
have fifteen and the palpi five joints. Ocelli are present. The wings have 
few cells. The tibial spurs and the pulvilli are absent. The sexes are similar, 
but the antennae of the male are more hairy than those of the female. 

Species. — CEcacta furens Poey, 1851, found in America, but according to 
Austen Acacia hosiilissima Pittaluga, 1912, is the same as Culicoides 
grahami Austen, 1912. 


CEcacta furens Poey, 1851. 

This is the jejen of Cuba, wliich is said to be very irritating. Its length is 
2 millimetres from the head to the end of the abdomen. Frons and antennae 
rufous. Thorax bronze-coloured with fuscous spots; abdomen fuscous; legs 
with whitish articulations and a ring upon each femur; tibia fuscous. Wings 
broad, whitish, with fuscous spots. They are covered with minute scales and 
possess conspicuous marginal fringes. 

Bezzia Kieffer, 1899. 

Synonym. — Ceratopogon Meigen, 1803, pro parte. Ceratopogonince with 
bare wings and tarsi without empodia. Radius with three branches. 

Type. — Bezzia ornata Meigen, 1803. 

Brachypogon Kieffer, 1899. 

Ceratopogonince with bare wings, media coalescent with R44- 5, pulvilli 
absent. 

Type. — Brachypogon vitiosus Winnertz, 1852 (?) 1846 (?). 

Ceratolophus Kieffer, 1899. 

Synonym. — J ohannseniella Williston. Ceratopogonincs with bare wings, 
simple Rj and Ry connected by cross vein, tarsal claws without teeth. 

Type. — Ceratolophus femoratus Fabricius, C . fulcithora:^ Austen, 1912, is the 
first Cerotolophus to be described in Africa. 
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Palpomyia Mcrgelc. 

Synonym. — Xylocrypta Kicffer. 

Ceratoj?ogonin(B with bare wings and five radial cells. Ko present; media 
simple; some or all the femora spinose underneath; pulvilli and empodia 
wanting. 

Four subgonera: Alasion Ivondani, 1857; Spheeromyas Stephens, 1829, 
Serromyia JMergcle, 1818; Heteromyia Say, 1825. 


Family rsYCHODiD.F. 

"De^mtion—Orthorrhapha ncmaloccra without ocelli, and witli 
body densely covered with coarse hairs. Thorax without trans- 
V(!ise suture. Antennai long, sixtec^n-jointed. Wings very broad 
and hairy. No discoidal cell. Legs long, tibi;e without spurs. 

Remarks.-— The members of tliis family arc small, sometimes very 
small midges, witli the bodies and wings thickly covered with liairs 
and scales, wliich give them a most cliaract (fistic appc'arance. They 
lire found all over the world, and have a preference for damp, 
sitady places, while tiieir larvae hava^ been found in damp places — 
in cracks in rocks, old walls, etc.; in rotting vegetation, liquid tilth, 
and water. The blood-sucking genera arc: PJilchoiomus and 
Sycorax belonging to the Phlebotomime, and possibly one in the 
Lsychodinre. 

The Psychodiclce are classified into two subfamilies.’' — 

(1) Psychodincd. — Psychodidie, in which the second longitudinal 
vein gives off its first liranch in tlie root of the wing. The female 
has a horny ovipositor, wliile tin; male has two clasi)ers. 

(2) Phlchoiomincd. — Psychodidie, in which the second longi- 
tudinal vein brandies after it has passed well into the body of the 
wing. The female has not got a horny ovipositor, while the male 
has three claspers. 

Subfamily Psychodin^. 

Tlie ^Q.wexixPcrico'ina and P-svc/kf/i? and their allies belong to this 
subfamily. As a rule it is stated that these flies are not blood- 
suckers, but Hewlett states tliat an Indian s])ecics occasionally 
sucks blood. 

Subfamily Phlebotomin^l 

This subfamily is of im])ortanee not merely because it contains 
blood-sucking hies, but because the genus PhJehoi omits is accused 
of spreading the ‘ Tbrc'c Days’ Fever.’ The two blood-sucking 
genera may be distinguished as follows: — 

(1) Two simple veins between ihe forks of the second and fourth 
longitudinal \em^— PhJchoiomus. 

(2) One simple vein between the forks of the second and fourth 

longitudinal veins. Seventli longitudinal vein very Sycorax, 

Phlebotomus Rondani, 1840. 

Morphology. — Phlebotomime, with mouth-parts formed for pierc- 
ing and sucking, palpi of five joints, antennae long, filiform, composed 
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lormally of sixteen segments. The thorax is mainly mesothorax, 
the prothorax being very diminutive, but the scutellum and post- 
scutellum are well developed. Wings hairy, narrow, with second 
longitudinal vein twice forked, thus forming one of the two simple 
eeins between the forks of the second and fourth longitudinal 
eeins, the other simple vein being the third longitudinal. The 
cross veins are placed near the basal fourth of the wing. Legs very 
long and slender, and densely clothed with scales. Ungues simple. 
The abdomen has ten segments, the last being modified for t])e 
genitalia, which in the female are flattened, leaf-like structures, and 
in the male very complex structures composed of superior claspers, 
inferior claspers, submedian lamellae, and intermediate appendages, 
and a penis. 

The buccal cavity is wide in front and narrow behind, where it 
leads via the pharynx into the cesophagus, which divides posteriorly 



Fig. 403 . — Phlehoiomus duboscquii Neveu-Fem aire, 190O. 

(From a photograph by J. J. Jicll.) 

into two tubes, one leading to the sucking and tin; otlu-.r to the 
mid-gut, at the posterior extremity of which arc situate the four 
Malpighian tubules, after which come the small and large intestines. 
Attention is invited to the presence of the sucking stomach, and 
to tlie number of the Malpighian tubuUs. 

The female organs consist of ovaries, from which the tubular 
oviducts pass to unite before reaching the base of the inferioi 
claspers. There are two spermatheae. 

The male organs are testes, seminal vesicles, ejaculatory duct, 
pompetta or little pump — 'Which regulates the exit of the spei - 

matozoa — and penis. ^ 

Life-History —After fertilization the female takes a meal ot 
blood, even though she may have previously sucked blood, b le 
then lays some thirty to eighty eggs in damp pkces. usually cracks 
in rocks, stones, or bricks, and in doing so is apparently much 
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exhausted, and in captivity may soon die. The eggs vary m size 
in different species from 0*15 to 0-5 millimetre m length. They 
are elongate oval in shape, marked with longitudinal dark marks, 
connected at places by means of cross lines. The eggs are laid 
singly, and require four to six days in warm, and fourteen days in 
cold, weather before hatching. The larvae measure some 2 to 
5 millimetres in length, and are composed of a head without eyes, 
but with well-developed mouth-parts and a Y-shaped mark, and 
cylindrical body of twelve segments, each with a transverse row 
of spinous hairs, and with spiracles on the first and penultimate 
segments. The characteristic point about the larvae is the presence 
of two very long bristles situate on two tubercles on the ultimate 
segment. These bristles may be as long as the head and body 
taken together. The length of the larval stages depends upon the 
air temperature, and may last from two to fourteen days. 

The pupa, 2 to 5 millimetres in length, is motionless, lying in the 
wrinkled, brownish larval skin which envelops its last three seg- 
ments, and by which it is attached to the stone on which it lives. 
The duration of the pupal stage varies from eight or nine to twenty* 
eight days. The whole development, therefore, requires about one 
month in warm and two months in cold weather. 

Habits. — These little flies are essentially nocturnal in their habits, 
but are attracted by light. During the day they lie up in cool, 
shady places in houses, etc., under bricks, in hollow trees, behind 
shutters, books, pictures, etc., often in bathrooms, and more often 
in latrines. Tliey are very small, and can easily pass through the 
meshes of an ordinary mosquito curtain and fill themselves with 
human blood; or, failing this, they will content themselves with 
animal blood — e.g., that of cattle, dogs, frogs, geckos, serpents, 
lizards, etc. They fly quite silently, and only the female bites, 
and that only at night. She appears to be stimulated in her biting 
propensities by an increase of humidity and temperature, and will 
even crawl under the bed-clothes to get at her victim. During the 
act of biting the posterior end of the abdomen is raised, while the 
whole abdomen becomes much distended with blood and reddish 
in colour, except at the posterior tip. 

The originally replete female becomes half empty in sixteen, 
and quite empty of blood in thirty-six to forty hours. When first 
gorged, she cannot fly easily, and may be unable to escape from 
the mosquito curtain, where she may be caught while quietly 
digesting her enormous meal. During the day, as already stated, the 
flies remain resting in cool, shady places in houses and other buildings, 
under bricks, in hollow trees, behind shutters, pictures, books, etc., 
and are often found in bathrooms, and more often in latrines. 

The larvae are very difficult to find, because they are so small, 
while the pupae are even more difficult to see, because not merely 
are they small, but they are also of a colour similar to the stones 
to which they are attached. Hence the habits of larvae and pupae 
are not well known, and require to be restudied. Their presence 
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may be determined, even when they cannot be found, by placing 
the stones in a glass case or under fine netting, when the adult flies 
will appear in due course if any pupae are present. 

Pathogenicity. — Phlebotomus papatasU Scopoli, 1786, is the carrier 
of the virus of ' Pappataci fever,' and the whole genus is composed 
of virulent blood-suckers, whose bite is generally severe, and may 
be quite painful to non-immune, new arrivals, when the sensations 
produced by the bite is stated to resemble that which people imagine 
ought to be experienced by the application of a red-hot needle. 
The area of the bite becomes a small rose-red papule, surrounded 
by a reddish macula, the total ^ esult being a maculo-papule, which 
may persist for several days, and is associated for a day or so with 
a sensation of itching. Children are especially liable to be attacked. 

Prophylaxis. — Newstead classifies the possible means of prophy- 
laxis into — (i) Repellents, (2) fumigation, (3) light, (4) artificial 
air movements, (5) traps, (6) nets, (7) destruction of breeding- 
grounds, and of all these he thinks that very fine spraying with a 
I per cent, solution of formalin is the most effective, especially if 
performed during the day into the dark portions and angles of the 
sleeping-chamber, while the mosquito curtain might be sprayed 
towards night. He thinks that an electric fan and a modified 
biscuit -box trap lined with dark cloth and placed high up in dark 
places of the sleeping-chamber would be useful. Major Crawford 
recommends the following ointment for personal use: Oleum anisi, 
I drachm ; oleum eucalypti, i drachm ; oleum terebinthinae, J drachm ; 
and unguentum acidi borici, i ounce. 

Species. — The species are fairly numerous, and may be grouped geograpMc- 
ally as follows : — 

Europe. — Phlebotomus papatasU Scopoli, 1786 (type species) ; P. minutus 
Rondani, 1840; P. mascitii Grassi, 1908; P. nigerrimus Newstead, 191 1 ; P. per^ 
niciosus Newstead, 1911. 

Africa. — P. dubosequii Neveu-Lemaire, 1906, found in Timbuktu. 

Asia. — P. papatasU Scopoli, I786(?) ; P. Annandale, 1910; P. major 

Annandale, 1910; P . malabaricus Annandale, 1910; P. bahu Annandale, 1910; 
P. himalayensis Annandale, 1910 ; P. perturbans Meijere; P. angustipennis 
Meijere. 

America. — P. vexator Coquillett, 1906; P. cruciatus Coquillett, 1906; P. ros- 
trans Summers, 1912. 

Newstead gives the following table for the purpose of recognizing the 
Phlebotomi of Malta: — 

A. Abdominal Hairs Recumbent : — 

{a) Integument black. Large species. Palpi with second segment 
slightly longer than the third — P. nigerrimus. 

(b) Integument ochreous. Small species. Palpi with second seg- 
ment one-half the length of the third — P. minutus and 
P. minutus var. africanus Newstead. 

B. Abdominal Hairs m.ore or less Erect : — 

(a) Legs in both sexes relatively short ; average length of hind-leg 

3 millimetres — P. perniciosus. 

[b) Legs in both sexes relatively long; average length of hind-leg 

4 millimetres — P. papatasU. 

Other species are: — P. squamiplairis in Khartoum; P. antennatus, Gold 
Coast; P. vexator, P. legeri Mansion, 1914, Corsica; P. dubosequii, Mauritania,, 
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Phlehotomiis vcmicanm Townsend, 1913, is believed by Townsend 
to be the carrier of Verruga peruviana, but Strong, Tyzzcr, Briies, 
Sellards, and Gastiaburu consider that the observations need con- 
firmation before they can be accepted. 

Phlebotomus papatasii Scopoli, 1786. 

Synonyms. — CynipJies molcsius Costa, 1840; Hermasson minuins 
Loew, 1844. 

Newstead reports that there are two distinct colour varieties of 
this insect — viz.: (i) A uniformly pale variety which is to be con- 
sidcreJ typical; and (2) a variety with a dark fringe to the costa 
and hind margin of wing. These two varieties he distinguishes 
as the pale variety and the dark variety. 

Pale Variety. — Almost uniformly pale, translucent, ochreous; 
thorax with a long, dull, red-brown mediaii stripe and a single spot 
of the same colour on cither side near the front; wing fringe not 
markedly darker than the hairs on the disc of the wing. 

Dark Variety. — Female with general colour of pale form, but 
with wing fringes smoky grey, and some of the hairs on the veins 
also dark grey or smoky grey. The male was not obscTved. 

Life-History. — Ovum when first expelled .shows the oolemma 
(interior) and a rnicropyle at anterior end. The first instar of the 
larva is caterpillar-like. Two pairs of caudal bristles, one much ,, 
long(a- than th(‘ other, the other pair very .short, l.ength, 2 to 
3«2<S millimetres. Pupa with abdomen curved upwards in varying 
degree. The eggs hatch in six to nine days, and the larvae which 
live in the earth, become juipa* in about eight weeks. The total 
item of development is about ten to eleven weeks, and the life of the 
fly is about eight days. 

Pathogenicity. — li is the carrier of Pappataci fever. 

Family vSimuliii)2e. 

Synonyms. — Mclnsiniiirc, Tipuhirice Meigen, Simulidcs Zelt, 
Simulitcs Newman, Simulince Rondani. 

OrlhorrhapJia ncmatoccr a 'wiihowi ocelli ; without transverse suture 
on the thorax; with short legs, in wliich the ])oslerior tibia and the 
first joint of the hind tarsi arc dilated; with short, straight, cylin- 
drical, eleven-jointed antenna without seta. Eyes of the male 
are large, and meet in the middle line, while those of the female arc 
smaller and separate. .Size, l -5 to 4 millimetres in length. 

The SimnJiidcB or MchisinidcB arc the sand-flics, also called 
' brulots ’ or ‘ potu ’ Hies, and ha^’c a wide distribution, being par- 
ticularly found in the tropics, but are also well known in Europe. 
Thougli small in size, they are great blood-suckers, attacking man 
and beast, and also other insects, but only the females suck blood. 

Though there is only one genus, Mchtsina Meigen, 1800, more 
correctly known as Simulium Latreille, 1802, there are very many 
species — i.e., about seventy — of which Simulium replans Latreille 
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and 5. hiftipcs Fries are known in Scotland. S. columbaczense 
Schonberg, locally known as the ‘ banat/ is the cause of much 
destruction of cattle in South Hungary. S. indicum Becher is 
the ' dam din ' of Assam, which is a cause of irritation to tea- 
coolies. 5. damnosum Theobald in Uganda, where it is called 
'mbwa,' and in the Sudan, where it is called 'kunteb'; and 
5. griseicollis Becker, of Dongola, locally called ' nimctta,’ arc very 
virulent. Austen says that the ' potii ’ flies were accused of having 
caused the death ot coolies white constructing an Indian road. 
The effects of the bite of these small insects is most irritating, and 
tlic appearance of a person after a severe attack is most peculiar, 
tlic face and hands — i.e., the exposed parts — being covered with 
papules. 

Life-History. — -The eggs are deposited on stones or plants in 
running water. The larva is broad posteriorly, where it possesses 
a sucker, capable of attaching it to any convenient object. An- 
teriorly it has two fan-like organs. It moves about in the water 



Fig. 404. — Simuliitm replans Latreille; Female. 


after the manner of a leech, and edso by the aid of a silken thread 
which it spins. It feeds on water plants. The larval stage lasts 
about a month, when a cocoon is spun, inside which the pupa is 
formed. The pupa breathes by means of branched filaments, and 
at the end of a week becomes the imago, which is carried to the 
surface of the water in an air-bubble. 

Habits. — -The Simtdiidev live in the open country, and very 
rarely enter houses. They can be found in the early morning, or, 
better, in the late afternoon, flying in clouds. During the day- 
time they can be found on trees, grasses, etc. It is common to 
find the males quite close to the streams in which the eggs, larvae, 
and pupae abound; but the female can apparently travel for con- 
siderable distances in search of food, and can quite easily be caught 
on the wing. They may also be found in the ears of cattle, donkeys, 
etc., where they feed. They arc not all vicious, blood-thirsty 
insects. Thus, for example, 5. venustum Say is said to be quite 
peaceably disposed. It is quite possible that in some instances 
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mistakes have been made with regard to the blood-thirsty pro- 
pensities of some species, and it is possible that the real culprit 
was one of the Ceratopogonin^e, and therefore it is necessary to be 
quite certain that the insect in question is really a Simulium, and 
this can only be done by careful examination. For purpose of 
quick field examination, it is as well to inspect the antennae care- 
fully, as they are fairly characteristic. 

Enemies. — The SimuliidcB have many enemies, ' among which 
may be mentioned the larvae of the May- and that of the Caddis-fly, 
and many kinds of fish which prey upon the larvae, pupae, or flies. 



Fig. 405. — Simulium Larva. Fig. 406. — Simulium Pupa. 

(X8.) (X8.) 

Classification. — The genus has been divided into two subgenera 
by Roubaud — i.e.,Prosiniulium and Eusintulium, but the differenti- 
ation of the species is very difficult. In fact, the family urgently 
requires revision. 

Pathogenicity. — ^Although sand-flies are very irritating, and cause 
the death of cattle, it is not known whether they are the carriers of 
any definite disease of cattle or man, though it seems t possible 
that they may be associated with the spread of pellagra, as Sambon 
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has suggested; but more will be said on this subject when dis- 
cussing pellagra in'Chapter LXXHI. 

Marchoux and Borret have suggested that sand-flies may play a 
role in the transmission of leprosy. 

Family BLEPHARocERiDiE Loew, i860. 

Ofthovyhapha newaiocera, without discal cell and with a secondary set of 
crease-like lines on the wings. 

In this family the genus Curupira Osten-Sacken is said to contain species 
which suck blood. The larvae live in rapid streams. C. tonentium (Muller) 
is found in Brazil. 
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CHAPTER XXXIII 

DIPTERA {concluded) 

MUSCID^ AND ALLIED FAMILIES 

Plies — Orthorrlmplia — Brachycera- — Tabanida; — Leptidin- — Asilidse- Phorida; 
■ — SccnopiuifUo — Kmpidai — Cyclorrbapha — ■ (PstridLC Sarcophagida^ 

Mu sci d rc — Ant ho myi d ae — Pu pipara — K efer ences . 

BITING AND PARASITIC FLIES. 

Tins chapter deals with all those insects which come under the 
term ‘ biting and parasitic flies/ In medicine they arc of importance 
because of their blood-sucking habits, through whicli they are able 
to disseminale animal parasites. Further, the larvse of certain 
species may enter the skin or the alimentary canal, and cause 
irritation and disease in this way {Myiasis Hope, 1837). 

Continuing the classification of the Diptera already given, the 
first section included in this chapter is that known as the Brachy- 
ccra. 


SUBORDER I. ORTHORRHAPHA. 

SECTION BRACHYCERA. 

The principal Orthorrhapha Brachycera may be divided into two 
groups : — 

Group i; Brachycera Homceodactyla , — Imago with pulvilliform 
empodia. Larvae with a terminal posterior stigma. Families: 
Tabanidae, Leptidae, Stratiomyidae. 

Group 2: Brachycera Heierodactyla .- — Imago with empodia un- 
developed or bristle-like. Posterior stigma of the larva not ter- 
minal. Families; Asilidae, Fmpididae. 

BRACHYCERA HOMCEODACTYLA. 

The families with which we are concerned may be recognized as 
follows:— 

A. Antennae composed of more than five joints, or third joint 

complex. 

I. Squamae large — Tahanidee, 

II. Squamae small. 

Tibia with s^ur^—Leptidee in part. 

B. Antennae composed of three joints or third joint simple — 

Lep tides in part. 


8x4 
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Family Tabanid^. 

Orthorrhapha Brachycera with bulky bodies and often large 
heads. The eyes usually meet in the males, but are separate in 
the females, .^ntcnnse with third joint marked by four to eight 
annuli, but without a terminal bristle. Proboscis strong and 
prominent. Thorax narrower than the head. Wings with large 
basal cells and five posterior cells. Third longitudinal vein bifur- 
cate. Legs moderately stout. Empodia large. 



Fig. 407. — Tahanus hovimis Linnjeus: Female. 


Remarks. — The TabanidDe are blood-sucking flies, of which some 
2,000 species are known. The blood-sucking habit is confined to 
the females, while the males live on the juices of plants. They 
are variously known as horse-flies, breeze-flies, gad-flies, scrut-flics 
(Nile), and mangrove-flies (West Africa), and are distributed widely 
over the world. They are in the habit of coming to water for 
drinking purposes, and this has enabled them to be killed in large 
numbers by sprinkling the water wi^h kerosene, which probably 
prevents them escaping from the surface of the water, and partially 
kills them by its poisonous effects. 

Morphology. — As a rule the head is as wide or wider than the thorax, convex 
anteriorly, and concave posteriorly, with very large, brilliantly coloured eyes, 
with golden-green or purple markings. 

The antennae are very distinct, but the proboscis varies, being very short 
in some genera and enormously long in others. In the genera in which it is 
short it hangs vertically downwards from the head. It consists of a labium, 
two maxillae with palps, two mandibles, a hypopharynx, and a thick labium 
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witli well-marked labial palps (labella). The wings have a large discoidal 
cell and very elongate basal cells. When at rest the wings diverge at the 
tips. They may be mottled. The legs are large and strong. The body is 
'brown, whitish, or yellowish in colour, but there may be markings on the 
abdomen. 



Fig. 408. — Antenn.® of the Tabanid®. 

a, a', a'', Silvius; h, b', Chrysops; c, Rhinomyza; d, d\ Cadicera; e, Dorca- 
loemus; /, Pangonia; g, Erephopsis; h, Lcpidoselaga; i, i', Tabanus; j, 
Hsematopota; k, k\ Hippocentrum. 

Life-History. — The eggs, which are spindle-shaped, and whitish 
in colour^ are laid in raft- or flask-shaped masses attached to 
water-plants. The larvae live either in water or damp earth, and 
feed upon small animal organisms. They are spindle-shaped and 
segmented, with knobs or protuberances on the rings, either all 
round or only ventrally. The pupa, which is free, is found in water 
or damp rubbish. 



Fig. 409. — Larva of a Tabanus. (X2J.) 

Pathogenicity. — It is possible that they may disseminate try- 
panosomes. The diseases m’bori in dromedaries in Timbuktu and 
souma in Segon are believed to be spread by Tabanus ditceniatus, 
while the dromedary disease of Algeria is spread by T. nemoralis 
Meigen and T. nigritus Fabricius. T. glaucopis Meigen is infected 
with Herpetomonas subulata. According to Leiper, Chrysops is the 
carrier otLoa loa Cobbold, 1864. 
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IF Prophylaxis. — Kerosene spread on water appears to be the best 
method of dealing with these pests. 

Classification. — ^The family is divided into two subfamilies: 
Tabaninae and Pangoninae. 



Fig. 410. — PuPAfoF Tahaniis kingi Austen. (After Kince) 

(From the Fourth Report of the Wellcome Troy)ical Research La])oratorics, 

Khartoum.) 


1 ABANINA. 

Tabanidae without spurs on the hind tibiae. 

The important genera of the Tabanime may be recognized by the 
following table 

I. Thorax and abdomen with iridescent tomentum — -Lepido- 
selaga. 

11 . Thorax and abdomen without iridescent tomentum. 

I. Eyes bare. 

{a) Third joint of the antenna without basal tooth:- — 

(1) Antennae extremity slender, and first joint 

elongate — Hippocentrum (Fig. 408, ky //). 

(2) Antennae not remarkably slender and first 

joint not remarkably elongate— 
topota (Fig. 408, 7, j'). 

(b) Third joint of the antenna with well-developed 
basal tooth — Tahanus (Fig. 408, i, i'). 

Lepidoselaga Macquart, 1838. 

Synonym. — Hadrus Perty. 

Lepidoselaga lepidota Wiedemann, 1828, the motiica fly of Brazil, 
is a well-known biter. (Antennae: vide Fig. 408, h.) 

Haematopota Meigen, 1803. 

Synonym. — Chrysozona Meig-m, 1800. 

The number of species comprised in this genus is rapidly in- 
creasing. About 130 have already been described, and Austen 
informs us that many more still await description from Africa alone. 
The characteristics of a species belonging to this genus arc — -The 
elongate antennae, the peculiar wing-markings (Fig. 412), and the 
peculiar arrangement of the wings when at rest, when the bases 
meet together, while the rest of the wings diverge slightly and 
slope backwards and outwards. The species of H(Bmatopoia are 
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very blood-thirsty, and are a terrible pest in the wet season to man 
and beast alike. They are said never to bite in the c^arly morning 
or after sunset, but, on the contrary, Mayer states that H. decora 
is most troublesome in the early morning and late evening. Neave 



All.— Lepidoselaga lepidoia Wiedkmann: Femalk. (X6.) 



states that tlic females bite in rather chill, damp wi'ather and 
rarely in the heat ot the sun. being mostly in evidiicc fron^abtul 

fi,^° 4 sunset in sunny weather but in 

the shady, damp forest they may be troublesome all day. The 



HIPPOCENTRUM 


819 


life-history of the tropical species is but little known, but Neave 
thinks that the majority of the species may have two broods. The 
life-history of H. pluvialis Linnaeus is partially known. The egg 
stage has not, so far as we know, been observed. The larva and 
pupa are of the Tabanid type, as described above. With regard 
to pathogenicity, Balfour reports El Takasha the attacking fly ’), 
probably H. taciturnct Austen, is believed to cause swelling of the 
lungs in sheep and goats. 

With regard to individual species, H. pluvialis Linnaeus is common 
in Europe, while //. grahami Austen, 1912; H. daveyi Austen, 1912; 
H. ruhens Knsicn, 1912 ; H. Austen, 1912 ; H. crudclis Austen, 

1912; are some new species recently described by Austen from 
tropical Africa. Other species are H. ohsenra Loew, 1875, in South 
Africa; //. viltata Loew in tropical Africa; and PL Indlalifrons 
Austen in Northern Nigeria. 

Hippocentrum Austen, 1908. 

Tliis genus is nearly allied to Hcemaiopota Mcigen, 1803, but is, 
according to Austen, distinguished by the fact that the head is 
for the most part shining, the antennae extremely slender, and the 
first joint elongate (Fig. 408, k, k'), and the terminal joint of the 
palpi in the female very large and shining on the outer side, which 
is strongly convex, while the inner side is flattened; the wings are 
more or less suffused with dark colour, interrupted with pale streaks 
or blotches without the peculiar light markings of Hcematopota. 

Species.--//, versicolor Austen, 1908, in Uganda and the Lado, 
//. irimaculatimi Newstcad in West Africa, //. strigipennis Karsch, 
whicli may be identical with //. trimaculatnm, has only been found 
in Gaboon, and H . uinrphyi Austen, 1912, in West Africa. The 
females bite man and animals. The life-history is unknown. 

Tabanus Linmeus, 1761. 

There are over 900 known species of Tabanus y of which Tabanus 
bovinus LiniicTus, 1761, is found in Europe, Asia, and South Africa. 
In the Sudan these flies are called scrut-flies; T .ditceniaius Macquart , 
T. grains Loew, T. IceniolaFalisotdQ Beauvois, T . fasciaUis Eabricius, 
T. africanus Gray, may be noted. In West Africa they arc known 
as mangrove flies. Recently Patton has described the life- cycle 
of a Crithidia (C. iahani PaP on, 1909), which is a true parasite of 
T. hilar ins and another species. 

Subgeniis Therioplectes Zeller, 1842. 

A number of species of this genus are known in Europe. Therioplectes 
micans Meigen, T. borealis Meigen, 7'. montanus Meigen, and T. tropicus, may 
be mentioned. 

Subgenus Atylotus Osten Sacken, 1876. 

Atylotus fulvns Meigen and 4. rusticus Eabricius arc met with in Europe, 
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Other Genera. 

In 1906 Griinberg described three genera, with one species in each, as 
belonging to the Tabaninae — viz., Thaumasiocera—T . akwa — in West Africa; 
Holoceria — H. nobilis — in Tropicail East Africa; ParhcBmatopota — P.cognata — 
in Tropical East Africa and Zanzibar; while other genera are Hexatoma Meigen 
in Europe, Dasyhash Macquart in South America and Australia, Bolhodimyia 
Bigot in South America, Udenocem Ricardo in Ceylon, Diachlorus Osten 
Sacken in America, Stibasoma Schiner in South America, Acanthoceya\'M.diC- 
quart in South America, Macquart in South America, and Selasoma 

Macquart in South America. 

PANGONIINiE. 

TabanideC with hind tibias armed at the tii)s with spurs. 

I. Prosboscis short. 

1. Antennae longer than the head — Chrysops. 

2. Antennaj shorter than the head — Silvius. 

II. Proboscis long. 

1. Proboscis little longer than the head — Cadicera. 

2. Proboscis usually much longer than the head, often 

longer than the body — Pangonia. 

Chrysops Meigen, 1803. 

This genus lias become of greater importance since Leiper has 
shown that it includes the carrier of Loa loa Cobbold, 1864, which 
in its turn is suspected to be the cause of Calabar swellings. 

TIk^ genus is world-wide in its distribution, and is said to contain 
more tlian 160 species, of which some seventeen or more have been 



found in the Ethiopian region. The African flies belonging to the 
genus are of medium size, not exceeding 10*5 millimetres in length 
according to Austen. The wings of the majority show a conspicuous 
black band (Fig. 413) running across the surface. There are three 
ocelli on the crown of the head. The characters of the antennae are 
shown in Fig. 408, b, b'; in the latter the first joint is shown to be 
conspicuously swollen. During life the eyes are of a golden-green 
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colour, and are marked with purplish spots and streaks, which 
Austen considers present useful specific characters. When resting, 
the wings are kept half open. 

The females inflict a very severe bite, which causes pain, in- 
flammation, and even at times oedema and fever. 

The eggs, which at first are white and later turn brown or black, 
are deposited upright in a single layer upon leaves and stems of 
plants near water, in which, or in the mud in the vicinity, the larvae 
live. The larvae and pupae resemble those of Tabamis, but in the larva 
the last antennal joint is longer than the penultimate, and in the 
pupae the antennae project beyond the head. With regard to patho- 
genicity, the genus is now known to contain the carrier of Loa loa. 



Fig. 414 . — Cadieem chrysosiigma Wiedemann: Female. (XsJ.) 


As examples the following species may be mentioned: C. dimi- 
diata van der Wulp, 1885, in West Africa; C. distinciipennis Austen, 
1906, in tropical Africa generally ; C. bicolor Cordier, 1907, in Tropical 
East Africa; C. silacea Austen, 1907, in West Africa; C. magnified 
Austen, 1911, in Tropical East Africa; C. centurionis Austen, 1911, 
in Uganda; C. cana Austen, 1911, in East Africa; and C. dispar 
Fabricius in the Oriental region. 

Silvius Meigen, 1820. 

This widely distributed genus may be exemplified by Silvius 
fallax Austen, 1912, found in North-Eastern Rhodesia, and S. 
decipiens Loew. The characters of the antennae are illustrated 
in Fig. 408, a, a', and a". 

Cadicera Macquart, 1854. 

Over a dozen species of this genus are now known in the Ethiopi m 
region, of which the following may be mentioned: C. melanopyga 
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Wiedemann, 1819; T. chrysostigma Wiedemann, 182S; C. ruhra- 
m%Yginata Macquart, 1885; C. guinqnemaculaia Auslen, 1908 ; C. 
biclausa Locw, 1860; ('. chrysophila Macquart, 1834; C. disianii 
Austen, 1912; C. speciosa Austen, igi2; C. flavi coma Ansi en, 1912; 
and C. obscura Ricardo, 1908. The females have been observed 
to bite man, ])ut very little is known as to the habits or life-history 
of tluj species of this genus. 

Pangonia Latreille, 1802. 

Tin’s wid(!ly distributed genus used to contain a very large number 
of species, Init has of late been split up into several subgencra. 



Fig. 415. — Pangonia ruppellii Jaenntcke, 1867: Female. (X3-) 


as may be shown in the following table taken from Miss Ricardo’s 
pa})cr in The Annals and Magazine of NaUiral Hislorv, Series 7, 
vol. V., January, 1900; — 

I. Wings with first posterior cell closed. 

{a) Ryes h'dvo, —Pangonia Latreille [snhgc.nns Pangonia) . 

(b) Lyes hairy —Pangonia Latreille (subgenus Prephopsis 
Rondani). 

11 . Wings with first posterior cell open. 

(a) Lyes hair^^ — Ihalommc'iira Rondani (subgenus Diaio- 

mineiira). 

(b) Eyes bare — Dtatominema Rondani (subgenus Corizo- 

nenra Rondani). 
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Tlic cliaracteristic of the genus is the extremely long proboscis. 
The antennal cheiraccers of Pangonia arc shown in Fig. 408, /, 
and of Erephopsu at g in the same figure. The females are known 
to be very blood-tliirsty and to bite wliile on tlic wing, a feat which 
tliey can readily perform owing to tlie length of the proboscis. At 
the present time the life-history is unknown, and the pathogenicity/ 

is also unknown. ^ 

As examples the following may be mentioned : F. rostraia Lmmnus, 
1764; P. varicolor Wiedemann, 1828; P. gulosa Wiedemann, 1828, 
in Africa; P. heckori Bezzi, igco, in Somaliland; P. 
nicke, 1867, in the Anglo-Egyplian Sudan and British East Africa, 
P. comata Austen, 1912, in East Africa; Dialomineura siiavts Eoew, 
1858, in South Africa; 1 ). [Corizonmra] lincalithorax 1912, in 
Northern Rhodesia; D. (Corizoncura) pcnclrahilis Austen, 1912, 
in Northern Rhodesia; and D. [Corizonctira) hasta Austen, 1912, 
in Portuguese East Africa. 


Rhinomyza Wiedemann, 1820. 

In this genus the first and second segments of the antennae aio 
short, while the third segment is composed of five lings (rig. 4^) , c). 
Moreover, the third segment has a well-marked tooth, ihe pio- 
boscis is short. R. fusca Wiedemann, 1820 is known in Java, 
and R. dcniicornis Wiedemann, 1S28, in South Africa. A. costata 
Loew, R. cdentnla Wiedemann, and R. pusilla ^chincr may also 
be noted, as may R. mihraticola Austen, 191T, m Noith-Easter 
Rhodesia and Kalanga, while A\ maculata Surcouf is ounc 1 
Madagascar. 

Other Genera. 

other genera of the Pangoniiinx are Dicrania Macquart in Brazil, Apo- 
Sd^lnh h> Austral^, PUyoccra Tos m Central 
Ald/icliin North America, Pclecorhynchus Macquart m Australia and South 
America, ApalokUes Williston in California , , South AWc^^ 

Africa, SeiJne Walker in Soufh America, Pronopcs Low f ’ 

Gastroxidr.s Saunders in India, and Suhpangoma Surcouf in West Africa. 


Family Leptid^. 

Orthonhapha hrachyccra with ^^owiiish, medium-sized, ot ^ 
liodics and small heads. The third antennal joint is si oi t 
a terminal brush or bristle. The proboscis resembles that of the Tabaniaoe, 

“Th^ of blood-sucking: UpHs. Sympheromyia. and 

^'"wUh'regard to J eplis the .species L. scolopacea Linnaeus and L. slngosa 
mScu L^ sSdVbte persons'^iri France, but this is 

(species uncertain), characterized by a single .., • Trichopalpns 

kidney-shaped third antennal joint, is found in Califori < . P P 

obscurus Phil, is known in Chili. . . , . hut the other 

The life-history of the blood-sucking species is not known, but 
larvai of the Leptidee live upon decaying vegetable matter. 
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BKACHYCERA HETERODACTYLA. 

A. Antenna apparently two-jointed with a three-jointed arista. 

vSmall hunch-backed, quick-running flies — Phoridce. 

B. Antenna always three-jointed. 

Enipodia wanting, vestigial or linear. 

J. Jvadial 4 and 5 separate. 

(a) Arista dorsal — EmpidcB (in part). 

{b) Arista terminal. 

(1) Front hollowed out between the eyes. Males 

never holoptic. Proboscis without fleshy 
labelke at tip — Asilidce. 

(2) EYont plane or convex. Males often 

holoptic. Not more than four posterior 
cells. Third antennal joint without bristle 
or style — ScenopinidcB. 

II. Radial 4 and 5 not separate. 

Wings not lanceolate, anal cell short ; second basal cell 
confluent with distal cell. Not brilliantly coloured 
— Empidca (in part) . 

The 01 dors Ihcrevidae, Midasidae, and Dolichopodidse, while containing 
speciCvS predatory on other insects,^do not appear to attack man. 


Family Asilid^. 

Orihorrliaplia \)vapiyceva with long narrow body, short broad head, prom- 
eyes, third joint of the antennoe simple. Thorax narrow in front. 
Wings with elongate basal cells, third longitudinal vein bifurcate, two inter- 
calary veins present. Empodium with a horny bristle. 

It is not known whether the Asilidae are really blood-sucking flies or not. 
It IS .suspected that they bite in the tropics, but there is no definite informa- 
tion. 


Family Phorid^. 

J hora fcuioyata occurs occasionally in houses. Aphiochevta fervufiinea Brun- 
ner causes intestinal myiasis. 


Family ScENopiNiDiE. 

Sceiiopimis fciicsiralis lanincus is the so-called window fly, which is prob- 
ably the only household fly which is not injurious to health. 


Family Empid^. 

Orthorrhapha hrachyccra with medium or small bodies and small heads. 
Antcnnec with the first two joints very small and hardly distinct, the third 
joint annulated, often with terminal bristle. Wings with three large complete 
basal cells, of which the third is shorter than the second. The posterior basal 
transverse vein is parallel to the border of the wing. Empodium membrana- 
ceous. 

It is doubtful whether these insects attack man. As a rule they live on the 
juices of other insects and plants. 
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SUBORDER II, CYCLORRHAPHA. 

Section 1 : Aschiza. — Tliis group includes the family Syrphidie, 
of which no species is known to bite man. 

Section 2: Schizophora. — This group includes the true flies 
characterized by a distinct frontal lunula and a frontal suture- 
antennae with three simple segments, and an arista which is generally 
dorsal. They may be classified into — 

Muscoidea. 

Synonym. — Eumyidea. 

This superfamily is divided into 

Tribe i: Muscoidea acalyptratce, without squamae covering the 
halteres (see Chapter XXXV.). 

Tribe 2: Muscoidea calyptratcCy with squamae covering the 
halteres. 


MUSCOIDEA CALYPTRAT/E. 

T. (ItstrklcC. 

2. Sarcophagidae. 

3. Muscidae. 

4. Anthomyidae. 

Diagnostic Table. 

A. First posterior cell of tlie wings not widely open. 

I. Antennae small, more or less hidden in round pits; 
arista single or plumose; l)ody very hairy — 
CEstridcB. 

II. Antennae well marked, not hidden; arista more or less 
plumose; body not very hairy. 

[a) Arista plumose for only half its length, bare 
in the terminal half, which is hair-like — 
SarcophagidcB. 

{h) Arista plumose or pectinate along its whole length 
— Muscidee. 

B. First posterior cell widely open — Anthomyidee. 

Family CEstrid^e. 

Muscoidea calypirafce with vuy hairy bodies, which cause them 
to resemble bees. Antennx‘ inserted into round pits, with a terminal 
bristle on the third joint. Mouth-parts rudimentary. 

Remarks. — The (Estridas are commonly known as the bottle or 
warble flies, and are of interest because the larvae become parasitic, 
either under the skin, in tlic nasal or pharyngeal cavities, or in 
the alimentary canal. 

Glassification. — The genera may be grouped into two subfamilies — 
(a) (EstrincB with rudimentary proboscis, including the genera Gastro- 
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fhilus, (Estrus, Hypoderma, etc. ; and (b) CuUrehrince, with a well- 
developed retractile proboscis, including etc. Ihe 

four genera of interest to ns may be recognized as follows 



Fig. — Tlypoderma bovis de C/Eer. (X2|.) 


I . Wing without posterior transverse vein ; tlie media runs towards 
the posterior border. First posterior cell is partly opt'.n. 

Arista naked -GasirophiUis Leacli, 1817. 



II. Wing with posterior transverse vein. The 
media at its end is bent towards the 
radius, and the hrst posterior cell is 
either open, partially open, or closed. 

A. Facial grooves approximated below. First 
])osterior cell closed and ])etiolate body 
nearly bare — GLs/riis Linnreus, 1758. 

B. Facial grooves remote. 

{a) Proboscis straight, caj)able of being 
extended, or entirely rudimentary. 
Antennal groove, with small angular 
dividing wall. Palpi absent — Hypo- 
derma Latreille, 1825. 

{b) Proboscis bent and capable of being 
drawn into a deep cavity on the under 
surface of the head, and generally 
hidden therein. Arista with hairs on 


Fig. 417. — Larva of 
Hypoderma bovis 
DE Geer. (X2F) 


the upper side. Third antennal 
joint much longer than the first two — 
Dermatohia Brauer, i860. 
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Hypoderma. A good example of dermal infection is Hypo- 
dcyffict hovis dc Geer, wliicli infests cattle. The eggs are laid on 
tile skin of the animal, and are probably transferred to the mouth 



Fig, 418.— ovis Female. ^(X4-) 


by licking, wlience they pass via the a^sophagus to the skin, in 
which they form tumours. It is found in Europe and America, 
and Peiper has gathered together histories of several cases in 
which Hypoderma hovis and H. diana Brauer 
have occurred in man, but this is very rare. 

The larva which is commonly found in man 
belongs to Dermaiohia cyaniveniris, whicli is 
described below. 

Glstviis . — Rhinal myiasis is exemplified by 
(Esiriis ovis Linmeus, 1761, which has becni 
found several times in the nasal cavities of 
man, though usually found in sheep. The egg 
is laid in the nasal cavity, in which the larvie 
live until they become pupx'. 

Gaslrophilus . — Intestinal myiasis is exem- 
plified by Gastrophilns equi Fabricius. The 
eggs are laid on the skin, often about the knees, 
and transferred to the mouth, and so to the 
stomach, by licking. In this organ they live 
on the secretions and contents; but though 
they do not bite the mucosa, they cause 
irritation. In due course they pass out of the 
alimentary canal with the faeces, and then n;eus. (X 4-) 
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proceed to pupation. G. pecorum Fabricius, 1794, is stated to 
frequently attack man in Siberia. 



JaG.''420. — Gasirophilus equi Fabricius. (X sF) 


Dermatobia Brauer, i860. 

Dermatobia cyaniventris Macquart, 1843. 

Synonyms. — Cuterebra noxialis Goudot, 1845; 
Dermatobia noxialis Brauer, i860 ; Dermatobia 
hominis Say, 1822; (Estrus hominis Gmelin, 1788. 

There appears to have been great doubt as to 
whether D. noxialis is the same as or different 
from D. cyaniventris. At present, on the strength 
of R. Blanchard's observations, it is usual to 
look upon them as the same. The larva of this 
species is found in the skin of man in tropical 
America at times, and is known by various local 
names: ' Vcr moyoquil ' in Mexico ; ‘ ver macaque ' 
in Cayenne; ‘ torcel ' in Venezuela; ‘ nuche ' in 
Colombia; ‘ ura ' and ‘berne' in Brazil; ‘ cor- 
mollote ' and * anal coshol ' in British Guiana; 
' nuche ' or ' gusano ' in New Granada. 

The fly, which has a yellowish head and dark 
blue abdomen, is supposed to lay its eggs on the skin of domestic 
and wild animals and man. The larvae from these eggs are supposed 
to enter the skin. The usual areas affected are the head or trunk. 



Fig. 421. — Larva 
OF Gastrophilus 
equi Fabri- 
cius, (X3*) 
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The larva presents two quite different appearances. In the first 
they are club-shaped, white in colour, with a thick anterior and a 



Fig. 422. — Dermatobia cyaniveniris Macquart. (X3.) 



Fig. 423. — 'Young Larva of Fig. 424. — Older Larva of 

Dermatobia cyaniventris. Dermatobia cyaniveniris 

(X3-) (After Blanchard.) Macquart. (X2i.) 

thin posterior end. The anterior portion is beset with hooklets, 
and has two strong oral hooks. The posterior end carries the 
stigmata. 

If left to themselves, the larvae will remain in the skin for some 
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time, after which an abscess forms, and they arc thrown out, drop 
on to the ground, and become pupje, and finally images. 

We liave seen larvae resembling these in the skins of Europeans 
in Africa, and similar observations Iiave been made by Plehn, 
Strahan, Kolb, Nagal, Arnold, and Smith and others, but whether 
these arc D. cyaniventris or some other species has not been 
determined. 

Pathogenicity. — They cause pain and itching at the infected spot, 
with swelling and cedema of the surrounding region, giving rise to 
a boil-like swelling, rather hard, of a deep red colour, with a central 
opening. I >crne or ura of Brazil is the disease. 

Treatment. — On inspecting the region, a small opening will be 
seen, and the larva may be noted, showing its stigmata at times, 
and at other times disappearing and reappearing like a jack-in-the- 
box. There is no difficulty in seizing this parasite with a pair of 
forceps and forcibly removing it, and then treating the wound 
aiitiseptically. The Brazilians try to asphyxiate the larva by 
tobacco-smoke, or apply some animal fat to the opening in the 
little tumour. Tlie fat is said to act by preventing the larva from 
breathing and compelling it to leave the tumour. Some authors 
advise the api)lication of calomel to the opening. 

Dermatobia (?) kemae Kolb. 

Kolb described a reddish-brown fly in East Africa under this 
term. 

'file fly behavc'.d like D. cyanivcnlris in laying its eggs on the 
skin of in'ople whem l)alhing. The larva' entered the skin, forming 
nodules. The natix'cs called the lly ‘ ngumba.’ It is, however, 
possible that this is not a true Dermatobia, which is a New World 
genus, but a Cordylohia, 

Family Sarcophagid^. 

Muscoidea catypiratev with large bodies, and antennal bristles 
feathery at the base, but hair-like and very fine at llie tip. Legs 
stout. First ])osterior cell closed or only slightly open. 

The Sarcophagida are the blow-flics, of which 5 . carnaria is 
common. 

Genera. — Sarcophaga , Wohljahriia, Sarcophila, Cynomyia. 


Sarcophaga Meigen, 1826. 

It is by no meims uncommon in the tropics to find ulcers, and 
espt'cially syphilitic erosions of the nose, infected with larvae of flies, 
wliich may belong to .S. carnaria Linnaeus, 1758. The larVcX liave 
also been found in several cavities of the liuman body, and those of 
the former in the alimentary canal. The following are causes of 
intestinal myiasis: 5 . affinis, S, carnaria Linnaeus, 1761; 5, hcemor- 
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rhoidalis Fallen, 1810; S. hceniatodes and S. chrysosfoma Wiedemann, 
1830. S. lambens and vS\ riificornis cause cutaneous myiasis in 
South America. 5 . plinthopya and S. lambens have been found in 
ulcers. 



Fig. 425. — Sarcophaga carnavict LiNNaius: Female. (X3-) 


Wohlfahrtia Brauer and Bergenstamm, i88(). 

Tlie larv;e of Wohlfahrtia magnijlca Schiiun', 
1862, have bec'U found in cavities in man’s body, 
and also in cattle, sheep, dogs, and domestic 
fowls. 

Sarcophila Rondani, 1856. 

The larvae of species of tliis genus — r.g., 
5 . meigeni Schiner, 5 . lalifrons Fall., and F. ruralis 
Fall.-~may also be found in ulcers, etc., in 
Germany, Austria-Hungary, and Franc(L 

Cynomyia Robineau-Desvoidy, 1830. 

Cynomyia mortuorum Linnaeus, 1761, is believed 
to infect ulcers with its larvae 

Family Muscid^. 



Muscoidea calyptratcB with stout bodies and fig. 426. 

short thoraces. Arista either entirely plumose Larva of 
or pectinated. The first posterior cell is either Sarcophaga sp. 
only slightly opened, or else closed at the 
border of the wing. 

The Muscida include a number of important genera, ^v]n'ch may 
be recognized by the following table : — 
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A. Proboscis long, adapted for bitmg-~-PhilcB7natomyin^. 

I. Proboscis partly chitinous, partly fleshy, with large 
fleshy hihell32—Philcsmaiomyia. 

11. Proboscis entirely chitinous, with attenuated labellae — 
StonioxydincB, 

(a) Arista feathered dorsally only. 

{a) Palpi thin, much shorter than the proboscis. 
Third longitudinal vein with bristles proxi- 
rnally; first posterior cell open — Stomoxys. 

(b) Palpi thickened, as long as or nearly as long as 
the proboscis. 

(1) Proboscis long and tapering; first posterior 

cell widely of>en; third longitudinal vein 
witliout bristles — Lyperosia. 

(2) Proboscis short and stumpy; first posterior 

cell narrowly open; third longitudinal vein 
with bristles proximally — Stygeromyia. 

{c) Pidpi strongly built everywhere, not thickened. 

Proboscis thin, more than twice the head 
length, swollen at the base. Arista with 
many branched hairs. Media (fourth longi- 
tudinal) with two sharp bends — Glossina, 

(r.) Arista feathered dorsally and ventrally. 

[a) First posterior cell narrowly open; third longi- 

tudinal vein without bristles — Hcematohosca, 

[b) First posterior cell widely open. 

(1) Third longitudinal vein with bristles proxi- 

mally — HcBmaiohia. 

(2) Third longitudinal vein without bristles 

proximally — Bdellolarynx. 

B. Proboscis short, not adapted for biting — Muscincs. 

(a) Mid-tibia without bristle on inner side — Musca, 

(b) Mid-tibia with bristles on inner side. 

(1) Thorax and abdomen bluish-black, not lustrous — 

Calliphora. 

(2) Thorax and abdomen green or greenish, lustrous. 

{a) Scutum longitudinally marked — Chrysomyia. 

{b) Scutum not so marked. 

(a) Thorax metallic green or bluish-green — 

Lucilia. 

(b) Thorax brassy green or purplish-blue — 

Pycnosofua. 

(3) Thorax and abdomen dirty brownish-yellow. 

(^7) Eyes wide apart in both sexes, second abdominal 
segment of the female more than half the length 
of the abdomen — Auchmeromyia. 

{h) Eyes of male not wide apart, and second abdo- 
minal segment without the above character — 
Cordylobia, 
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Pn YL^M ATOM YIN ;E. 

Philaematomyia Austen, 1909. 

Stomoxydinae resembling Musca domestica Linnaeus, being grey 
flies with remarkable proboscis. Front in male narrow, its width 
in centre being from one-eleventh to one-fifteenth of total width of 
head; width of the front in the female, one-third of total width 
of head. Proximal portion of proboscis shows a swollen chitinous 
bulb, distal portion soft and fleshy, and folded back under distal 
end of bulb when not in use, but when extended there is a tubular 
extension furnished with a circle of chitinous teeth. Distribution: 
India. Ceylon (very common), Cyprus, Senegal, and the Congo. 

Type Species,— Phi IcBmawmyi a insignis Austen, 1909. 

Philaematomyia insignis Austen, 1909. 

Smoke grey or yellowish-grey in colour, with dorsum of thorax 
with four dark longitudinal stripes. The eggs are laid in batches of 
fifty to sixty in cracks in dry c/)w’s-dung. Egg is 2 to 2*2 millimetres 
in length by 0-4 millimetre in breadth. Lai'v?e hatch in eight to 
nine hours, and when mature measure about 1*25 centimetres. 
They are bright lemon yellow in colour. They burrow under the 
ground on the evening of the second day, and pupate. The puparium 
resembles that of Musca, 0*5 centimetre long by o*i8 centimetre 
broad. It is of a light mahogany colour, and has eleven segments. 
The life-history may be summarized : Egg-laying, five to ten minutes ; 
egg, eight to ten hours; larvai, two days; pupa, three and a half to 
four and a half days; total, six to seven days. The fly is ready to 
feed eight hours after hatching. Feeds usually on cattle: only occa- 
sionally bites man. They pass out a clear watery fluid from the 
anus while feeding (common in a blood-sucking fly). 

Enemies. — Hymenoptera. spiders, tachinids. 

Other Species.— Ph. Uncata Brunetti, 1910 (synonym, Pns^frMyn- 
chomyia lineata Brunetti, 1910), andP/i. gurnei Patton and Cragg, 
1912, both in India. 

Stomoxydinae. 

Stomoxys Geoffry, 176.:^ . 

Arista of three segments, feathered dorsally only; proboscis long, 
tapering, chitinized in all its extent, non-retractile; palpi slender, 
very short, less than half the length of the proboscis. Fourth 
longitudinal vein curved so as to merely narrow the first posterior 
cell distally; third longitudinal vein bristly at its proximal end. 
Front narrower in the male than in the female. 

Type Specics.—vS/cmeATvs calcitrans Linnseus, 175^- 

The genus StoMoxys is cosmopolitan in its distribution. I he 
principal species arc — • 

European Species. — S. calcitrans I.,, 1^$^. 

Asiatic Species. — twelve species known and two synonyms: S. bruyimfes 
Grunberg, S. calcitrans L., S. /ylurinotata Bigot, S. daenusa Speiser, 5. tn ica 
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Picard 5. limbata Austen, S. nigra Macquart, S. bengalmsis^CMA, S. dblongo- 
punciala Brunetti, S. pattii Summers, S. puUa Austen, S. sthens Rondani, 

Mrican^SpMiM!,— Fourteen species and four probable synonyms are known : 
5. calcitrans L. ( 5 . koyogwenais Grunberg), 5 . sitiens Rondani, S. gnseiceps 
Becker, S. nigra Macquart (S. glauca Grunberg and 5 . lafonU Picard), 5 . bou- 
vieri var. olara Roubaud, S. inornata Grunberg, 5 , Newstead, 5 , varipes 

Bezzi, 5 . intermedia Roubaud, S. bouffardi Picard, 5 . bilineata Grunberg, 5 . 
brunnipes Grunberg {S. stellata Grunberg), S. ioniains Bigot, 5 . ochrosoma 
Speiser. 

American Species. — S. calcitrans L. 

Anstralian Species. — S. calcitrans L. 

For the methods of diagnosis of these species, vide Summers, L. M. (1912), 
Journal of London School of Tropical Medicine, July, p. 184; London. 

The following table, modified from Grunberg, gives the diagnosis of a few 
of the species: — 

A. Legs entirely yellow. Wings yellowish — S. tceniatus Bigot, 1887. 

B. Legs either entirely black or largely black or blackish-brown. Wings 

clear or darkish coloured. 

I. Venter brilliantly white — 5 . sitiens Rondani. 1873. 

II. Venter pale dusky brown, with characteristic omega mark on the 
thorax — S. omega Newstead, 1907. 

III. Venter grey or yellow. 

1. Thorax without clear black stripes. Hinder part black without 

any inarking.s — S. inornata Grunberg, 1906. 

2. Thorax with clear black stripes. Abdomen with regular dark 

marks or spots. 

(a) Knee, tibia, and tarsu.s — at all events, on the two anterior 

pairs of legs — entirely brown. 

(1) Tibia and tarsus on the anterior and middle legs light 

brown, on the hind legs dark brown. Thorax with 
two small brown longitudinal median lines — S. 
bilineata Grunberg, 1906. 

(2) Tibia and tarsus brown on all three legs. Thorax with 

broad black longitudinal stripes. 

Wings blackish, head and thorax brown-yellow — 

3 . brunnipes Grunberg, 1906. 

Wings glassy, head and thorax grey — S. stellata 
Grunberg, 1906. 

[b] Legs black, with light brown knees or decidedly dark brown 

spots. 

(1) Wing brushes yellowish-brown, with black tips. Abdo- 

men with dark middle longitudinal line. Second 
and third segments with dark anterior and posterior 
borders — S. glauca Grunberg, 1906. 

(2) Wing brushes black. Abdomen grey. Both middle 

segments with regularly arranged dark spots without 
dark median longitudinal line. 

Second and third abdominal segments with one 
middle basal, one side apical dark spot, and dark 
anterior border, with which the basal spot unites — 

5 . korogwensis Grunberg, 1906. 

Second and third abdominal segments with the 
same dark spots, but without anterior border-lines — 

5 . calcitrans Linna3us, 1761. 

Stomoxys calcitrans Linnaeus, 1758. 

S a calcitrans is the common stable- fly, found in houses, stables, 
and in the open near cattle. It bites all classes of mammals, and 
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in so doing is suspected of spreading trj^anosomes, especially 
r. evansi. Manders considered 5 . nigra Macquart, 1850, to be the 
cause of the spread of surra in Mauritius. 

It is rather like the common house-fly, but is easily recognized 
by the head being raised in the resting position, by the projecting 
proboscis, and by the closed wings, touching one another at their 
bases, and diverging behind. 



F'k;. 427.- -SloniO.rys ralcitrans : 1*'kmat.ic. 


Morphology. — Tlie mouth-parts consist of a proboscivS, composed of rostrum., 
haustellum, and labcllse, whicli are bent posteriorly, forming an elbow-shaped 
joint. The posterior portion can be retracted or projected forwards, and 
carries the cliitinous fulcrum of the pharyngeal wall, the maxillae, and their 
palps. It is cone-shaped, and is called, the rostrum. 

The structure of the haustellum, or proboscis proper, is very complex. It 
consists essentially of a labrum, hypopharynx, and labium. The labrum is a 
sharp-pointed stylet, wliich near its apex bears a ventral ridge with four 
sensory hairs. Posteriorly it is attached to the head, where it forms a chitinous 
projection. It is horseshoe-shaped on transverse section, the ventral opening 
being closed by the hypopharynx, while laterally its walls, which expand and 
enclose a cavity containing muscles, articulate with the labium, thus keeping 
the hypopharynx in its place. The hypopharynx, which contains the salivary 
tube, starts from the labium and runs forwards, expanding laterally and 
closing in the labial, pharyngeal, or blood-tube mentioned above. Its lateral 
expansions contain a cavity. At its tip it appears to be membranous, which 
Stephens and Newstead think by its flaccid condition prevents ingress of fluid 
during blood-sucking, while freely permitting the egress of saliva. The 
labium is stout and tliick, with a swollen basal portion, gradually tapering 
towards the proximal and distal extremities, but less so basally. Posteriorly 
it encloses the labrum and hypopharynx, which it carries on a sclerite, which 
farther forwards forms the boundary of the labial gutter, and is joined dorsally 
by another dorsal hooked sclerite. These sclerites stop at the base of the 
labellae. Ventral to the dorsal sclerites are two ventral sclerites, which 
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anteriorly articulate with a transverse forked sclerite whose arms run forwards. 
To these arms the tendons of longitudinal muscles are attached, which are 
capable of rotating them, causing the eversion of the labellae. Farther 
forward the two labell® are strengthened internally by dorsal and ventral 
sclerites, while a pear-shaped axial apophysis projects forwards freely from 
fhe labium. 

The ventral plate is obliquely placed, and carries — (i) five teeth; (2) nine 
sets of petiolated blades; (3) six sets of rod-like hairs; {4) five sets of opercu- 
late hairs; (5) six sets of bifurcated liairs; (6) an anterior dorsal fringe of 
hairs; (7) a posterior ventral set of hairs; (8) ventral phalanges or lips with 
ventral hairs; (9) dorsal external set of hairs; and (10) latero-external set of 
hairs. 

Internal Anatomy. — The pharyngeal tube leads into the pharynx, whose 
wall is formed by tire chitinous fulcrum. The oesophagus, at first flattened, 
afterwards cylindrical, passes into the thorax and opens into the ventral 
surface of the proventriculus. At this point it is joined by the duct from the 
crop or sucking-stomach, which is a large hollow blood-reservoir lying in the 
abdoiJKui. The chylific ventricle has three coils. The usual Mai pigliian 
tubules, small and large intestine, and rectum are present. The salivary 
glu.nds r(“semble those of Mu sea and Glossina. 

Method of Biting. — -Stomoxys 
carefully inspects the skin, and 
having selected a spot, everts 
the labellae, and by a rotatory 
motion cuts a hole through the 
epidermis by means of its teeth, 
and then, inserting the proboscis 
into the wound, sucks the blood. 

Life-History. — The life-history 
lias been studied by Newstead, 
who finds that the' incubation 
period of t lu' egg is two to three 
days, lh(‘ life of 1h(' larva foiir- 
te(ui to twenty-one days, the 
pupal staple nine to thirteen days, 

Fig. 428.— Head OF S/omo.rv5 making the total life-cycle 
oalcUrans : ViLMMAi. ' twenty - live to thirty - seven 

days, but this may be consider- 
ably prolonged by the incubation and larval stages being lengthened 
in the absence of moisture, or the. presence of a low temperature. 

The eggs are r millimetre in length, white, turning later to a 
cream colour; coriaceous and reticulated; curved on one side and 
straight on the other, wliert* there is a broad deep groove, wider 
anteriorly, where' the larva escapes. The number of eggs varies 
from forty-eight to sevenly one, and they are laid in warm dung 
and fermenting grass. 

The- larva is ii millimetn's long, and tapering, yellowish in colour, 
with blackish mouth-parts. Thv segmentation is not well marked. 
The lu'ad has two large diverging processes, whicli carry the four- 
jointed antennae, d'he mouth is armed with a hook-like mandible, 
which carries a ventral tooth, and is attached by means of a hypo- 
stomal sclerite to two large cephalo-pharyngeal sch'rites, in front of 
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the upper arms of which is a small perforated sclerite. The pos- 
terior stigmata are two in number. The mouth-hook is used for 
locomotion. 

Pupation is brought about in two hours by the larva shortening 
itself and becoming barrcT shaped, the colour turning to red. The 
pupa measures 5 to 3-5 millimetres in length, and possesses eleven 
visible segments. In a few days the pupal skin is split along lateral 
and median lines anteriorly, and at the fourth segment transversely, 
and the imago escapes. 

LyperosPt Koudani, 1862. 

Synonym. — Glossinella C'riinberg, 1906. 

Stomoxydinai resembling Sfomoxys, but with palpi as long as the 
long slender proboscis, around which, as they are broad, they form 
almost a sheath, with no bristles on the third longitudinal V(iin. 
Distribution: Europe, Asia, Africa. North America, and Australia. 

Type.' -Lvperosia irritans LiniKeus, lyOr. 

'liiey are dirty brown or dirty yellowish -grey, vc'ry small blood- 
sucking flies, with inconspicuous markings, and usually only attack 
animals, and do not come into houses. 

European Species.- -L. iyntans L., J75S; 7 .. lilUlaiis Bczzi, igi t. 

Asiatic Species. — L. minula J 3 czzi, icSgz; L. schiUin^<^i (Irunberg, jgdO; 
L. ex igua de Mtdjerc, 1903; L, jlavohrrl-a Bninetti, 1910; L. rufi palpis Pycckcr, 
1910 (probably viaculosa Austen, 1907). 

African Species. — L. minuia Bezzi, 1S92; 7 .. longipalpis Koubauil, igoO 
( L. pallidipes Roubaiid, 1907); /.. schilHiigsi Gruiiberg, igob ( ■■ Si. Macu- 
losa P); L. poiaus Bezzi, 1908; L. punctigeva Austeii, 1909: L. iwigiia (Mcijere, 
1903); L. thivouxi Roubaud, 1903. 

American Species. — L. iwifans J.., 1758; L. aids Snow, 1891 (synonym: 
7/<2? matohia a Ids Snow, 1891). 

Australian Species. — L. exigua Mcijere, i9f>3- 

(For details see Summer’s paper, vide infra.) 

Sty geromyia Austen, 1907. 

Stomoxydime with general appearance and body like Sfoutoxys, 
proboscis and palpi like Hmnatotria, arista feathered dorsally only. 
Head flattened from front to rear; proboscis short, stout, shiny, 
chitinous. not tapering; palpi as long as the proboscis; clavate at 
tips, curving upwards. Cell opening as in StoMoxys. Apical por- 
tion of fourth vein straight beyond bend— f.c., not bent inwards 
as in Stomoxys and Ha^ntaiohia. Distribution : Africa and Southern 
Arabia. 

Type.- maculosa Austen, 1907. 

Stygeromyia sanguinaria Austen, 1909, is stated by Yale Massey 
to be a blood-sucker in the Congo Free State, while 5 . maculosa 
Austen, 1907, found in Little Aden, is inferred to be also a blood- 
sucker, and 5 . n'oosnami Austen, 1912, in East Africa. 

Glossina Wiedemann, 1830. 

Synonym. — Nemorhina, Robineau-Desvoidy, 1830. 

Narrow bodied, elongate, gre5dsh-brown or yellowish-brown, dull- 
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coloured flies, with the wings closed flat over one another, and 
projecting considerably beyond the abdomen when at rest, with an 
anterior projecting proboscis, beyond which the palpi slightly extend, 
and in which they are ensheathed. Base of proboscis bulbous. ^ 
This is the genus of the tsetse-flies, a name probably derived 
from the noise which they make when flying, and now used in a 
generic sense. They were first named by Wiedemann from G. longi- 
palpis, brought from Sierra Leone by Adam Afzelius, and in the same 
year Robineau-Desvoidy named another species from the Congo 
Nemorhina palpctlis. Their bites have been long known to be 
dangerous to animals, but it was not till Bruce showed that they 



I'lG, 4^:9.- iilossina palpalis : Female. 

were the spreaders of Trypanosoma hrucei and the cause of the 
disease nagana in horses, etc., that they received much attention. 
The interest in them became vastly greater when in 1903 Bruce 
and Nabapo showed that they were the spreaders of T. castellanii 
and especially when Kleine sliowed that the transmission was not 
mechanical. 

The genus is confined to tropical Africa and Arabia. 
MorpholOgy.“The points in the morphology to which attention 
should be paid are as follows 

The eyes are large and bare, and between them the vertex is 
depressed, and at its back carries ocelli. In front a deep facial pit 
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is separated by a transverse impression from the gena. The pro- 
boscis projects horizontally forwards, while its bulbous posterior 
portion is enclosed in a fold of skin. Palpi are rod-like, and clothed 
with -short black hairs, and enclose the proboscis. The antennae are 
three- jointed, the first two being small and the third large, with its 
anterior external angle prominent and directea forwards and 
outwards. At its base is attached a two-jointed arista, of which the 
first segment is, small, and the second long and tapering, bearing 
some twenty- two fine, curving, branched hairs on its upper surface 
only. Bristles are frontal, vertical, ocellar, and post-medial. 

With regard to the thorax, the most important feature is the wing, 
which is brownish, with a peculiar venation. The costal vein is 





Fig. 430. — Head of a Glossina. 

This figure shows the proboscis 
being lowered previously to piercing 
the skin to suck blood. 



well marked, and the subcostal vein (auxibary) joins it about the 
junction of the inner with the outer third in the extended position 
of the wing, thus enclosing the costal cell, which is divided into two 
portions by the humeral transverse vein. The radius i (first 
longitudinal) curves forwards, joining the costa about the junction 
of the inner two-thirds with Ihe outer one-third, thus forming a 
very narrow subcostal cell. The radius 2 and 3 (second longi- 
tudinal) also curves forwards, meeting the costal margin before the 
tip of the wing is reached, as does the radius 4 and 5 (third longitudi- 
n^) ; hence the marginal and submarginal cells are long and narrow. 
The media (fourth longitudinal) is highly characteristic. It starts 
separately from the preceding, and running outwards, after meeting 
with the anterior basal vein, curves forwards to join with the anterior 
transverse vein, when it bends at right angles, turning backwards 
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Fig. 432. — Diagram of a Tsetse-Fly. 

(Modified alter Austen, from ‘ Monograph of Tsetse-Flics.') 

He., head; Th., thorax; Ab., abdomen; Fr. front leg; AH. /., middle 
leg; Hi. 1 ., hindleg; Pr., proboscis enshcathed by the palpi; Ay., arista; 
Fr., irons; Oc., occiput; Ey., eye; Sc., .scutellum; Ha., haltcrc; Sc/., squama; 
Wi., wing; Fe., femur; Ti., tibia; Ta., tarsus. 

Venation of Wing.- — la, Subcostal or auxiliary vein; \a, ih, two portions 
of the costal cell divided hy the humeral transverse vein; ic, subcostal cell; 
I, radius i, or first longitudinal; 2, marginal cell; II, radius 2 and 3, or second 
longitudinal; 3, submarginal cell; III, radius 4 and 5, or third Jongitudinal ; 
8, first basal cell; 5, first postt^rior cell; A, anterior transverse vein; IV, media 
or fourth longitudinal; 9, posterior basal cell; 4, discoidal cell, external to 
which is the second posterior cell, without a number; B, posterior transverse 
vein; C, anterior basal vein; V, cubitus i and 2, or fifth longitudinal; 
D, posterior basal transverse vein; 10, posterior basal cell; 7, third posterior 
cell; VI, anal or sixth longitudinal. 

and outwards to join with the posterior transverse vein, when it 
again turns and runs obliquely forwards to join the costal vein just in 
front of the tip of the wing. Between it and the radius 4 and 5 (third 
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longitudinal) lie internally the first (anterior) basal cell, and exter- 
nally the first posterior cell, separated by the anterior transverse 
vein, which is very oblique. The cubitus i and 2 (fifth longitu- 
dinal) joins the anterior basal vein, marking out the posterior basal 
cell, and then runs forwards to join the posterior transverse vein, 
marking out the discoidal cell, which is hatchet-shaped, with the 
handle running up to the anterior basal transverse vein. After 
this the vein turns backwards to join the margin of the wing, 
delineating the large second posterior cell. The anal (sixth long] 
tudinal) is very short, being une litinized after meeting with the 
posterior transverse basal vein, with which it marks out the posterior 
basal cell. The third posterior cell is, however, shown by its un- 
chitinized trace. The posterior part of the wing shows an incrassation 
corresponding to anal 2 and 3. 

The legs are simple, rather long, with long claws and pulvilli. 

The abdomen is flattened, 
tapering to the apex, and clothed 
with short black hairs. The male 
genitalia are characteristic. Ihe 
ventral plate of the sixth segment 
carries a patch of dark hairs on 
each side of the middle line, behind 
which is the hypopygiurn, which 
is oval, tumid, and marked by a 
vulviform median groove, the 
anus, running from its anterior 
margin backwards to beyond the 
middle. 

The proboscis shows the usual 
rostrum or conical head projec- 
tion, the haustellum, or proboscis Fic.433. — Antenna of a Glossina, 
proper, and the labelke. showing the Arista. 

The proboscis proper is com- (After Austen, from ‘ Tsetse-Flies.') 
posed of labrum, hypopharynx, 

and labium. The labrum arises from the basal bulb of the proboscis 
in the form of a tubt;, wliich is continuous posteriorly with the 
pharynx, while anteriorly it runs forwards, forming the dorsal wall of 
the proboscis. In this position it articulates by means of interlocking 
teeth with the labium, while, opening ventrally, it articulates with 
the hypopharynx, which closes the potential ventral opening. 
Farther forwards it separates fiom the labium, and ends in a point. 
The tube composed by the hypopharynx and the labrum is the 
afferent blood or pharyngeal tube. The hypopliarynx starts below 
the pharynx surrounding the salivary efferent duct, and pierces 
the bulb of the proboscis, appearing on its dorsal aspect. Farther 
forward it lies in a groove on the labium, articulating laterally with 
the labrum. Finally it ends as a delicate chitinous tube just pos- 
terior to the labellcC. Its canal is the salivary tube or hypo- 
pharyngeal canal. 
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The labium, or second maxilla, starts from the ventral area of 
the head , and is first swoUen to form the bulb. Anteriorly it is 
grooved dorsally to hold the hypopharynx and the labrum, while 
farther anteriorly it ends in the labellae. These structures (labellae) 
are joined together in the ventral line, except 
anteriorly, where there is a V-shaped notch, 
while dorsally they possess teeth which 
interlock. 

In the ventral line the chitinous floor of 
the labium is prolonged forwards in the form 
of a fork, in front of which is a membranous 
area, anteriorly to which the inner wall of 
each labellum becomes divided into dorsal, 
median, and ventral segments. Each segment 
is arnied with a series of about ten rasps, 
composed of some thirty minute bars, in front 
of which are two pairs of teeth. Between the 
bases of the anterior pairs of teeth there 
projects a fan shaped mass of spine-like scales. 

The segments are capable of eversion, 
when the muscles pull backwards the external 
\\ alls of the labellce. In this way the teeth 
would be brought in contact with the skin, 
and the wound necessary for blood-sucking 
made, probably by rotatory movements. 

Internal Anatomy. — The internal anatomy 
has been carefully studied by Minchin, and 
does not materially differ from that of 
Stomoxys. 

The phar^mgeal tube opens into the 
pharynx, which is situated mainly in the 
rostrum. Its walls are strongly chitinized, 
forming the fulcrum. The oesophagus runs 
upwards and then backwards to open into 
the proventriculus, and to be continuous via 
a long ventral duct with the crop, which lies 
in the first two segments of the abdomen. 
The chylific ventricle is narrow at first in the 
thorax, but beo'mes wider in the abdomen, 
where it coils several times. There are the usual ileum, colon, 
rectum, and Malpighian tubules. 

The salivary glands are two long coiled tubes lying first in 
the abdomen, and then passing into the thorax, and probably 
opening finally on the hypopharynx, though this has not vet been 
worked out. 

Life-History. — The species of Glossina live in jungles or bush, 
along the banks of streams or lakes. They appear to live principally 
upon the blood derived from big game, but Koch believed that 
G. pdpalis lives on that of crocodiles, and Hodges, on that of hippo- 



Fig. 4:cr — An A u.) MV 

OF A XsETSr-r LV. 


(After Minchin, irom 
Reports of the Royal 
Society.) 

I, Pharynx; 2, oeso- 
phagus; 3, proventri- 
culns; 4, thoracic intes 
tine; 5, duct of sucking- 
stomach ; 6, salivary 
duct ; 7, salivary gland ; 
8, sucking-stomach; 9, 
abdominal intestine ; 
10, rectum. 
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potami. According to Kinghorn, copulation in G. morsitans lasts 
for several hours. The female in due course produces a single larva, 
and may produce a second after fourteen to fifteen days. At the 
completion of intra-uterine life the larva almost completely fills 
the abdomen of the mother. Its extrusion takes plas^eVery rapidly, 
and it commences to crawl at once. The larvae, which are yellow- 




Fig. 435. — A Glossina in the Act of giving Birth to a Larva. 
(Modified after Newstead.) 


coloured, are to be found as a rule near the roots of banana-trees. 
These larvae are composed of twelve segments, the anterior of which 
carries the two minute mouth-hooks, and the posterior a dark hood 
or anal .segment. The larvie retire to some hole, and in a. few hours 
become jet-black pupae, from which the fully developed insects 
issue in about six weeks. 

The pupa is 5-53 (5 to 6) millimetres long, 
and 3*2 (3 to 3*75) broad, according to an 
average of twenty measurements by Kinghorn , 
with twelve segments. The ainterior four 
show the longitudinal seam, which bifurcates 
at the fourth segment, forming an opening 
through which the imago escapes. The first 
segment carries the mouth, and the twelfth 
two lateral tumid, tuberculated lips, con- 
nected by dorsal and ventral ridges enclosing 
a pit, in which the posterior stigmata can be 
seen. 

The larvae of G. palpalis measure 4-5 by 1-75 
millimetres, and the pupcT 5 to 575 by 3 
millimetres. 

According to Kinghorn, forty-seven to 
fifty-three days elapse from the birth of the 
larva to the escape of the imdigomG .morsitans . 

Bionomics.— As G. palpalis is most prob 
ably the sole means of propagation of human 
trypanosomiasis, it is important to have some idea of what is 
known as to its bionomics, which have been carefully studied by 
Hodges and Bagshawe. 

The main resort of the fly is to be found in bush near water, 
especially in the undergrowth -composed of shrubs, bushes, vines, 


a h 



Fig. 436. — Pupa of 
a Tsetse-Fly. 


(After Austen, from 
' Tsetse-Flies.’) 

a, Magnified; h, 
natural size. 
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creepers, tall grass, cane-break tangle, and herbaceous plants Tall 
trees alone will not afford the protection necessary lor the fly unless 
they overhang the water, or their foliage reaches so low as to mix 

The flv is, however, not met with behind a wide strip of papyius, 
though It may be found on its water edge. This is explained by 
Bagshawc on the grounds that papyrus grows best in shallow watcT, 
which means that the ground is swampy, a condition which pi events 
the fly from depositing its larva:^. From a resort such as this a fly 
can travel for feeding purposes, or be carried by attraction or 
artiiicial means. It appears probable from Bagshawe s cxpeiiments 
that a single tlight will not reach 70 to 80 yards, but flies can be 
carried to almost any distance by the agency of boats and floating 
islands of papyrus. Human traffic also increases the dissemination 
of thu as it is apt to pursue human beings for considerable 
distances. 

I'f'makt flies appear to travel farther in search of food than males, 
prol)ably because they more urgenth/ n'Cjuire it. Bagshawe suggests 
that this can be made use of in finding the breeding-grounds, where 
he says plenty of males as well as females arc to be found, whik' 
females alone may be nud with at some distance therefrom, flic 
feeding range, thcrefoni, varies considerably. 

kdi('S bite mostly during the middle part of the day, and not so 
much at dawn or in the late afternoon. 


According to Hodges, the cliief conditions required lor a brt'oding- 
groimd arc loose, dry, friable earth, situate not more than 20 yards 
away from the liigh-water mark of a stream, and protected from sun 
and rain by the shade of trees and undergrowth. 

Such conditions are found on steep banks along lakes, rivers, 
watercourses, elc., and the larvae arc to be looked for at the. bases 
of shrubs and trees, in the undergrowth, and in eartli-filled hollows 
in tree-trunks and Imanclies at no great distance from the ground. 

Bagshawe found the larvcC principally at the roots of bananas 
witli scrub and water in the immediate neighbourliood; at tlie roots 
of a shrub called d //o/)//y//7/s, belonging to Ihe Sapindaceic, cspeci- 
all}^ ill tile dvy season ; at tlie roots of large figs and of the wiki date- 
palm (Phoenix rccJinala) ; viiile lie also found a few puprX in dry earth 
sheltered by overhanging rocks on wooded banks. 

The breeding season appears to be at the commencement of the 
rains, as Bagsliawi* generally found emjity pupal eases in the dry 
season. 

The pupae apparently liavc their enemies which eat them. These 
are minute winged insects probably belonging to the Chalcidida^ 
though this is not definitely known. 

Pathogenicity. — Glossina palpalis is the carrier of Trypanosoma 
castellanii, and G. morsiians of T. rhodesiense, both of which arc 
the causes of sleeping sickness in Africa. 


ClassiO cation. — Newstead in 191T revised the genus Glossina, and published 
a classification based on the male genital armature. This is a very excellent 
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classification, but requires the addition of female characters to complete it. 
We have, therefore, kept Austen’s revised classification in 1911, which, slightly 
modified, is as follows: — 

A. Hind teirsi entirely dark (female of Glossina tachinoides) , ha.sal half of 

first and extreme bases of succeeding joints pale, Glossina palpalis 
group. 

I. Oround colour of abdomen ochraceons buff, with interrupted dark 
brown deep transverse bands and sharply defined pale hind borders 
to segments. A very cons]ficnoiis square or oblong pale area in the 
centre of the second segment. Small species: Body length 7 milli- 
metres- G. iachiftoidcs Westwood, 1850. 

11 . Abdomen not so marked. 

1. Third joint of the antenna dusky brown to cinereous black. 

(r/) I^orsum of abdomen dark scj)ia brown, nnalian paler area 
on second segment, broad, more or less quadrate or 
irregular, hypopygium of male bufi or ochraceo\is buff — 
G. caligivca Austfui, 1911. 

{b) Dorsum of abdomen blackish-brown, median |)aler area 
triangular, hypopygium of m;vle grey — G. palpalis 
I't obi n (aiu - Des voi dy, 1 8 3 o . 

2. Third joint of antenna pole — G. palliccra Bigot, i8yi. 

B. Hind tarsi not entirely dark (except in G. ausleni). 

I. l.^])p(‘r surface of abdomen with pale ground colour, drab grey, buff, 
or ochraceous buff, marked with very conspicuous dark brown 
or clove brown transverse bands interrupted in the middle 
line Glossina morsitans group. 

(a) Last two joints of front and middle tarsi with sharply defined 

dark brown or black ti}’>s. 

(i) lairgo sjH'cics: Wide head, darker anteriorly; abdominal 

bands (k'('p — G. haigi pal pis Wicahuna.nn, 1830. 

(j) Smalh'r s])('ci('s: Na.rrow(‘r hea.d- G. laorsi/ans Westwood, 

1 850. 

(b) 1.0, si two joints of fore a.nd middh^ tarsi \’(‘r\' nan’owly darker, 

o,nd sometimes th(' colour is absent iii the lormer — L. aiisteni 
KewsUaid, 1912. 

(c) Last two joints of fore and middl(' tarsi pahe Body length 8 to 

10 millimetres- G. pnllidipcs Austem, 1903. 

11 . Upper surface of abdomen nf)t so b.inded. 

[a) Wings dull .sepia coloured, palpi (except in G. tabaniformis) 
long and slender — Glossina fusca group. 

1. Tliird joint of antenna fringed anteriorly and posteriorly 

with hairs conspicuous when magnified 15 diameters. 
(a) Longest hairs in front of third joint equal in length from 
(me-quarter to one-third of width of third joint; 
palpi moderately long — G. tabaniformis Westwood, 
rg^o. 

(n) Longest hairs in front of third joint equal in length 
from one-half to one-third of width of third joint; 
])alpi noticeably long and slender — G. nigrofusca 
Newstead, 1910. 

2. Third joint antennm fringed anteriorly with five short liairs, 

scarcely noticeable when magnified 15 diameters. 

(a) Phmra drab grey, hind coxae l)uff or greyish-butl 

G. fusca Walker, 1849. 

(b) Pleura dark grey, hind coxae mouse grry- -G. fusci- 

pleuris Austen, 1911. 
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(b) Wings pale, palpi short— Glosslna brevipalpis group. 

(1) Dorsum of thorax with four sharply defined dark brown 

oval or elongate spots, arranged in a parallelogram, two 
in front and two behind the transverse suture proboscis 
bulb, with brown or dark brown tip — G. longipennis 
Corti, 1895. 

(2) Dorsum of thorax without such spots, and proboscis bulb 

not brown or dark brown at the tip. 

(i.) Wings with upper thickened portion of anterior 
transverse vein dark and distinct — G. brevipalpis 
Newstead. 1910. 

(ii.) Wings with anterior transverse vein — G. medicorum 
Austen, igii. 

Recently Griinberg has described a new species, G. ziemanni Griinberg, 
1912, but its position at present is not quite certain. 

Haematobosca Bezzi, 1911. 

StoniLOxydinc'e resembling Hcematobia , but with no bristles on the 
first and third longitudinal veins, and with fourtlj longitudinal vein 
almost as strongly bent as in Muse a ; tliercfore first posterior cell 
only very narrowly opens. Distribution; Southern Europe and 
China. 

Type. — Plcemaiohosca alripalpis Bezzi, 1^95. 

European Species. — H. atripalpis Bezzi, 1895. 

Asiatic Species,-- -/if. perturbans Bezzi, 1907, found at Tang-San, China. 

Haematobia Kobineau-Dcsvoidy, 1830. 

Synonym. — Siphona Meigen, 1824. 

Stomoxydina: resembling Siomoxys, but with spatulate maxillary 
palps nearly as long as the prol)()scis: arista feathered dorsally and 
ventrally, and third longitudinal vein bristly proximally. Body 
robust, head lu'oad and scpiat. Distribution: Europe, India, etc. 

Type . — Hwmalohia slimulans Meigen, 1824. 

European Species. — H. sHmulans Meigen. 

Asiatic Species. — H. sanguisngeus Austen, 1909; H. ruppes Brunetti, 1910, 
in India. 

Bdellolarynx Austen, 1909. 

Flies like HcBmatohia , but without sexual colour dimorphism. 
Arista with long hairs above and with six fairly long hairs below. 
No bristles on first and third longitudinal veins. 

B. sanguinolenfiis Austen, 1909, is a blood-sucker found in India 
and Ceylon. 

MusciNiE. 

Musca binnaBus, lyGi. 

Miisca puirida is the cause of Myriase do Sero in San Paulo. 

Calliphora Robineau-Desvoidy, 1830. 

These are the blow-flies or bluebottles, of which C. erythrocephala Meigen is 
the common species. It and the following have been found in the human intes- 
tine: C. azurea, C. vomitoria. C. limeus is a common cause of nasal myiasis. 
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Chrysomyia Robineau-Desvoidy, 1830. 

Chrysomyia macellaria Fabricius, 1794. 

Synonyms. — Musca macellaria Fabricius, 1794; Lucilia macellaria 
Robineau-Desvoidy, 1830 ; L. hominivorax Coquerel, 1858 ; Calliphora 
infesta Philippi, 1861; C. macellaria Jorge, 1878; C. anthropophaga 
Conil, 1878 ; Compsomyia ruhrifrons Macquart ; Somomyia montevi- 
densis Bigot. 



Fig. 437. — Chrysomyia macellaria: Female. (X4-) 


In all this lly has twenty-six synonyms, largely due to Walker, 
Macquart, and Robineau-Desvoidy, but these were all carefully 
consolidated by Arribalzaga. 

MusciUrT with blue bodies, red front to the head, and three black 
lines on the thorax. The body, which is less than 10 millimetres 
in length, is covered with stiff black hairs. 

Life-History.— The fe- 



male deposits some three 
to four hundred eggs in a 
space of a few moments in 
some wound or decaying 
matter, but as the same 
fly may oviposit in differ- 


ent places at different 


Fig. 438. — Chrysomyia macellaria: Larva, times, the total number of 
(X4') eggs laid by one fly must 


(After Blanchard.) number some hundreds, or 

perhaps even thousands. 
The eggs are white and cylindrical, i millimetre in length, and 
marked by a prominent unilateral ridge. They hatch in from one to 
nine hours, and produce a whitish footless larva, rather slender, 
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with twelve segments, armed with minute spines. It is most 
active, and burrows into the tissues of the affected animals or into 
the mass of putrid flesh or decaying matter. It grows rapidly 
and matures in from five to seven days, when it endeavours to 
escape from the wound or cavity on to the ground, when it 
wriggles off and buries itself in the ground at a suitable place, and 
becomes the brown cylindrical pupa with rounded ends. The pupa 
is about I inch in length, and matures in some nine to fourteen 
days. 

Habits. — It is a pest to man and animals. 

Distribution. — AnuTica, from Canada to Patagonia, but most 
common in the tropical and subtropical belts. It is killed by cold 
winds. In the Southern Unit(‘d States it occurs from July to October. 
It is also found in the West Indies. 

Pathogenicity. — It attacks cattle after castration, spaying, 
branching, dehorning, and when wounded by ticks or barbed wire. 
It will enter tlie uterus if there is placental retention, and will attack 
the navels and mouths of young calves. Horses and mules may 
be attacked in the sheaths and vaginae, and in the navel in colts. 
Hogs arc especially liable' to be attacked, but sheep rarely, unless 
after being worried by dogs. Man is attacked when sleeping in 
the open air, and more rarely when driving. I'he symploms pro- 
duced in man will be detailed later under Nasal Myiasis in 
riia])ler LXVIl. 

Treatment.- -injc'ctions of chloroform water are the best means of 
getting rid of t ht' larva', but the frontal and other sinuses may have 
to be o])('n('d to remove them if in large numbers. 

Prophylaxis. The use of mosquito curtains and protection to 
tin; nose by handkerchiefs are important in man. Wounds of 
animals sliould l)e washed with weak carbolic lotion and dressed 
with ])ine tar or oakum and tar. 

Chrysomyia viridula. 

Causes nasal myiasis in Central America, and will attack ulcers. 

Pycnosoma Brauer and Bergenstamm, 1893. 

The larvcT of Pycnoso 7 na ptttorium Wiedemann, 1830, are said to 
be ])arasitic in man and the domestic animals in Abyssinia, the 
Belgian Congo, and Lorenzo Marques. 

This fly resembles Chrysomyia, but the three dark stripes on the 
dorsum of the thorax are wanting. 

Pathogenicity .--It causes nasal myiasis in man, while other 
species — e.y., P. meyaccphala and P. marginal c, etc.— are found in 
cattle. 

Lucilia Robin eau-Des void y, i83(^. 

Flies of this genus — a.g., L. ccesar Linnaeus and L. sericata - — deposit tljeir 
eggs on ulcers. L. nobilis Meigen has been found in the auditory meatus. 
According to Pei per, L. ccFsar Linnaeus and L. regina Macy have been recog- 
nized as causes of intestinal myiasis. 
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Gordylobia Griinberg, 1903. 

Gordylobia anthropophaga E. Blanchard. 

Synonyms. — Ochromyia anthropophaga E. Blanchard, Glossina 
grunbergi Donitz. 




Fig. 439 , — Gordylobia anthropophaga Blanchard: Female. (X4O 


The larva of this fly, which is cedled ‘ ver du Cayor,’ because it 
was first noticed in Cayor, in Senegambia, burrows into the skin and 
causes a painful swelling. It extends from Senegal to Natal. 

Life-History and Morphology.— It is not 
certain whether the fly lays its eggs upon the 
ground or upon the clothing of people and the 
skin of animals. Hence it is not known 
whether the larva creeps from the ground on 
to the human being or animal, or hatchi's in 
the clothing and simply enters the skin. 

The larva, which measures about 12 milli- 
metres, is composed of twelve segments, of 
which the anterior or cephalic is bluntly 
pointed in front and truncated behind, and 
carries two black mouth booklets on its 
ventral surface. External to these booklets 
lie the antennal protuberances. On the 

third to the eleventh segments there are o— L arva of 

minute, rather characteristic, brownish, chiti- '^"cordylobia ^^^anthro- 
nous, recurved spines. The greatest breadth pophaga. (X4-) 

is at the level of the sixth to seventh seg- (After Austen.) 
ments, while the last segment has a flattened 
posterior surface which carries the posterior stigmata. It is 
parasitic in men, monkeys, and dogs. The pupa measures 10-3 
by 4*6 millimetres, and looks like an ordinary muscid pupa. 

The fly measures 9*5 millimetres, and has a yellowish-coloured 

54 
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head, body, and wing. The tliorax is marked dorsally by longi- 
tudinal dark stri])es, while the abdomen has also blackish markings, 
and the wings are of a brownish tinge. The female is distinguished 
from the male by tlic eyes being separated by a broad frontal stripe; 
in the black colour of the third and fourth abdominal (except the 
margin) segments; and in the blackish quadrangular median patch 
on the second abdominal segment. In the male the eyes join. 

Cordylobia rodhaini Gedoelst, 1905, 

Synonym. -1 Aind’s larva. 

Under this term a larva is described as occurring in the Congo 
Free State which possesses habits similar to those of Cordylobia 
anlhropopha^a. 

The larva ol tliis species also occurs at times under the skin of 
man in the Jlelgian Congo. 


Auchmeromyia Schiner and Brauer Bergenstamm, 18 ig. 

Auchmeromyia luteola Fabricius, 1805. 

Synonym,---M?/6'6'^ luteola Fabricius, 1805, Ver de Case. 

The larva of this fly is called the ' Congo floor-maggot.' It was 
found by Dutton, Todd, and Christy, living in the floor of native 
huts to the depth of 3 inches. At night these larvae came out, and 
sucked the blood of persons sleeping on the ground, or on beds but 
little raised therefrom, but not on high beds. 



Fig. 441. Auchmeromyia luteola Fabricius: Female. (X3.) 


File native names for thi^ larvie are, ‘ Mabinzu, 
Ntunga, Mvidi,’ and ‘ Kiso.^ 


‘ Nchichi,’ 


Morphology. The fly is widely distributed in tropical and sub- 
tropical Africa. It is 10 to 12 millimetres in length, tawny in 
colour, with small black hairs giving it a smoky appearance. The 
head is large, as broad as. the thorax. The eyes are separated by a 
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considerable space. The proboscis is folded beneath the head into 
a deep groove. The palpi are club-shaped, with a long, yellow, 
flattened third joint, which carries an arista with black hairs on its 
upper and lower borders. 

The dorsum of the thorax is marked by longitudinal black and 
brown stripes, and shows a well-marked transverse suture. The 
squama: are large, yellow 
in colour, and cover the 
halteres. The first abdo- 
minal segment has a 
narrow dark line pos- 
teriorly, the second a 
central median dark line, 
which joins with a pos- 
terior dark line. rile third Fig. ^42 . — Auchnieromyia liileola: J.^RVA. 
segment is dark brown, (X.f) 

except for a narrow yellow 

anterior streak. The fourth segment is tlark-colourcd, with a 
posterior light brown band. The fifth segment is small, and con- 
tains the genital apparatus. 

The legs are bufl-coloured, with black hair and bristles. The 
fifth tarsal joint is jet black, and has a large cream-white pulvillus. 

Life-History. — The fly dejiosits its eggs on the ground of the hut, 
especially on spots on which urine has been voided. The larva is 
semitranslucent, of dirty white colour, acephalous and amphi- 
pneustic, and has cle\xn distinct segments. The first segment is 
divisible into two portions, of which the anterior carries the mouth- 
parts. The broadest segments are the nintli and tenth. There are 
distinct dorsal and ventral surfaces, at the junction of which in each 
segment there are protuberances, with a spine and a pit. The 
ventral surface is flattened, and has three footpads transversely 
arranged at the j^osterior margin of each segment. The last seg- 
ment is large, and carries the posterior spiracles and the anus. 

The mouth, which is provided with teeth, leads into an oeso- 
phagus, which ends in a proventriculus, and has a dorsal diverticu- 
ium! The veiitriculus is short. Malpighian tubules mark the 
commencement of the intestine. The hind gut is coiled. The 
salivary glands are well marked. 

The larva becomes a dark brown or black pupa, 9 to 10-5 by 
4 to 5 millimetres, with an anterior conical and a posterior rounded 
end, and marked by annular ridges. TJie pupal stage lasts two to 
three weeks. 

Habits. — The fly does not bite man. The larva, as descril^ed 
above, attacks man and fills its dorsal oesophageal pouch with blood, 
and thus acquires a red colour. 

Pathogenicity.^ — As far as is known it is non-pathogcnic. 

In 1911 RoUbaud described a new genus, Chesromyia Roiibaud. 191 a. of 
which the larvae of two .species, C. boneti Roubaud, 1911, and C. chesrophaga 
Roubaud, 1911, were blood-suckers attacking African wart-hogs and African 
ant-eaters. 
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Auchmeromyia prsBgrandis Austen, 1910. 

A saffron-yellow lly. It occurs in South Africa. 

Pollenia Robincau-Desvoidy, 1830. 

The larva* of Pollenia rudis Robineau-Desvoidy have been found 
in a case of gastric myiasis in man. 

Bengalia depressa Walker. 

By an error this fly was said to cause cutaneous myiasis in Natal, 
Rhodesia, British Central Africa, Uganda, and the Sudan, the true 
causal agent Inang Cordylobia anthropopliaga Griinberg. The life- 
history of/), depressa is unknown. 

Family ANTHOMYii).5i Latreille. 

Diptera with arista naked or pectinate. Thorax with complete transverse 
suture. First posterior cell completely open. Abdominal bristles often 
absent. 

Tills; family includes a number of genera known to be troublesome to man — 
Fannia Robineau-Desvoidy, Hylemyia Macquart, Hydrotcea Robineau-Des- 
voidy — which may be recognized b^^ the following characters: (a) Arista bare 
— Fannia: [h) arista plumose — Ilylemyia ; (c) arista pubescent- — Hydrotcea. 

Fannia Robineau-Desvoidy, 1830. 

Fannia canicularis Linnjeus, 1761. 

Synonyms. — Homalomyia canicAdaris Linnaeus, Anthomyia canicularis Lin- 
naeus. 

This species Ikis Jreqiiently been reported as being passed in human faeces. 



Fig. 443. — Fannia canicularis Linn^us: Female. (X8.) 
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The fly is commonly found in houses in Europe and North America. The 
larvae normally live in vegetables, by means of which they enter the human 
digestive tract. They are provided with branched pro- 
cesses on the segments. « 

Pathogenicity. — Blankmeyer gives an account of a yllt 

case of this infection wliich is said to have lasted some 
twelve years, being associated at first with abdominal 
pain, bloody diarrhoea, severe pains in the region of /Y 

the liver. After the initial attack the pains continued, 
but instead of diarrhoea, constipation resulted, with 
severe headaches. The abdomen was distended. Y 

The patient was treated with raw pumpkin seeds and / 
then given a saline purge, and passed 1,000 to 1,500 Y— 

Fflwwia larvae. After this he still passed a few larvae for 

some days, but eventually recovered. This is a curious / 

case, in that the larvae lived for years inside the man, /r — 

and because it is not clear how such an enormous infection /'y- 

was possible. Chevrel has collected and described seven 

authentic cases of myiasis of the urinary passa.ges caused 

by the larva, of this fly. /Vs '-SCx 




Fannia desjardensii Macquarl. I I ^ 

Synonyms. — Homalomyia desjardensii Marquart, A)i- ^ 

thomyia desjardensii Macqua.rt. 

Wellman dc^scribes cases of this myiasis in the alimen FIG.44^. Larva 
tary canal of human l)eings in Angola who showed of luinma can- 
dysenteric symptoms, and which he successfully treated icularts. 
with castor-oil, then santonin, and then castor-oil again. 

The disease is locally known as ' ovccnyo, ’ a term which signifies maggots. 
The editors of the Journal of Tropical Medicine in 1907 asked for information 



Eig. 445. — Penicillidia dufouri Westwood from a Bat: Female. (X8.) 
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with regard to an African myiasis called ‘ mucuio,' but as far as we kiiow' 
this disease has not been Iraced. Wellman says that the term is not used in 
Angola, in /■'. desjardcnsii the larvas become pupa- in seven to nine days, 

and the pupa- insects in another lliirteen to fificen days. 

Other Species.— f'<-/per aI,so lists 7 -'. scalaris, /■. innsurata, /■. mamcuta, 
/''. sallairix a.s licing causes of intestinal inyiasi.s. 


HydrotaBa Robineaii-Desvokly, 1830. 

Jlydyolaa nutcorica Linnccus, which usually attacks animals' eyes and 


noslrils, is said to attack man also. 



SUBORDER III. PUPIPARA. 


h'lo. 4.j6 . — Nycteribia sp. (?). 


Synonym. — Eprohoscidod. 

The Pupi})ara are flies which appear to 
have become altered owing to their parasitic 
life. Tliey poss(\ss a well-defined proboscis, 
which is said by Austen to rtesembh^ that of 
the Cilossincs by being armed at its tip with 
t(HTh. Wings have been lost in several 
species, eitlun- entindy or a,ttt‘r the imago 
has btjcome pa.ra.silic, though they may exist 
throughout life in other species. Their 
f('('t are provided with extra ungues to enable 
them to cling to the hairs, tde,, of the host. 
They do not lay eggs, but produce a larva, 
which soon becomes a pupa. 

The suborder is divided into four families: 
(i) Hippoboscidxs (2) Nycteribidae; (s) Brau- 
lidae; (4) .Streblidae. 


1 he Nycteril)ida; are parasitic on birds and bats. In this family comes 
Pcnicillidia dufouri Wa^stwood, which is the carrier of Achvomaiicus vesperu- 
ghns Dionisi, iiSg8. The Branlid;n are parasitic on bees, and the Streblidos 
on bats, and tlKua lore will not be considered further. 



ITG.j,447. — Hippobosca rufipcs von Olfers: Female. (X4. 
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Family HippoBosciDi®. 

Pupipara with horny flattened heads and bodies, and with one jointed 
antenna furnished with a terminal arista. The first joint of the tarsus is 
usually abbreviated in all, but certainly in the first two legs. 

Wings may be well developed, or rudimentary, 
or entirely absent. 

This family is composed of forms parasitic 
on mammals, and includes the following genera: 

Hippobosca Linnaeus, 1761; Allobosca Speiser, 

1902; Olfersia Wiedemann, 1830; Orth'dfersici ; 

Pseudolfersia Coquillett; Lipoptena NTitzsch, 

1818: Latreille, 1802; Ornithoctona 

Speiser, 1902; Lynchia Weyenberg, 1881; and 
Ornithomyia Latreille, 1802. 

Hippobosca is parasitic on cattle, horses, 
dogs, etc., all over the world; Allobosca is 
parasitic on lemurs in Madagascar; Oriholfersia 
on kangaroos in Australia; Lipoptena on deer 
all over the world; and Melophai^us on sheep. 

Hippobosca ruflpes von Olfers is thought to 
be capable of transmitting Trypanosoma theileri. 





Fig. 44S.- -Larva and Pupa of Hippobosca Fig. 449. — Head of Hip- 
ruflpes VON Olfers. (X 4.) pobosca rufipes : 'Fnuh'LE. 


Hippobosca equina Linnaeus is known on horses in the New Forest, England; 
Hippobosca capensis Leach on dogs in Africa, India, Persia, and South Europe; 
H. camelina Leach and H. maculata Leach are found in the Sudan and Egypt ; 
and in addition to these M elophagus ovinus Linnaeus is found all over the world. 
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CHAPTER XXXIV 

SIPHONAPTERA AND COLEOPTERA 


Siphonaptera — Sarcopsyllidae — Dermatophilus penetrans — Pulicidae — Pulicinae 
— Pulex irritans — Xenopsylla cheopis — - Coleoptcra — Orthoptera — 
Peferences. 


SIPHONAPTERA Latrcille, 1S25. 

Synonyms. — Rophoteira Schellenbcrg, 1798; Apiera Lamarck, 1801; 
Aphaniptera Kirby and Spence, iSib; Pulicidae Stephens, 1829. 

Definition. — Hexapoda with laterally compressed bodies and dis- 
tinctly separated thoracic rings. Wings absent, except for two 
lateral plate-like appendages on the meso- and meta-thorax. 

The antenncT are three-jointed, and embedded in grooves. The 
third joint has nine more or less separated pseudo-joints. 

Remarks.— Fleas have come into considerable prominence, 
owing to the work of the Indian Plague Commission and that of 
Dr. Verjbitski, of St. Petersburg, who liave shown that they are to 
be looked upon as the main agents by which plague is spread from 
rat to rat, and from rat to man. 

Fleas may also carry blood-parasites — as, for example, Trypano- 
soma lewisi — and, again, tliey may serve as intermediary hosts for 
the cysticercus of tapeworms, as in the case of Dipylidinm caninnm. 

History. — The knowledge concerning fleas is of recent date. In 
1758 Linnaeus started with one genus and species, Pulex irritans ; 
the second genus was that of the Chigoe in 1815. under the term 
Rhynchoprion penetrans ; and the third genus was created by Curtis 
in 1832 under the heading Ceratophylhis. The first general syste- 
matic treatise was by Kolenati in 1863, the second by Taschen- 
berg in 1880, and the third by Baker in 1904. 

Recently much work has been done on these parasites by 
Rothschild and Jordan. 

Morphology. — The head is small, and may or may not possess eyes, which, 
when present, are only simple pigment masses. ' Directly betiind the head is 
the antennal groove, in which the antennae, which are important organs to 
the flea, lie protected from harm. This groove is continued upwards to the 
mid-line of the vertex by an incrassation which divides the irons from the 
occiput. The groove may be open or closed by a process of the gena. 

The antennae are composed of three joints, of which the third, often called 
the club, may be unsegmented, segmented on the posterior border only, or 
completely segmented into nine more or less separate pseudo-segments. 

The frons may carry a tubercle or notch, situate rather nearer the mouth 
than the centre of the head, while laterally the eyes, when present, are to be 
seen. The area of the head below the eyes and extending from the perioral 
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ring to the antennal groove is the gena. A process ol this area may he pro- 
longed backwards, so as to meet the hind edge of the post-antennal part of 
the head, and so to close the antennal groove below in those species which 

possess a clost'd antennal groove?. i n a .i 

The occipital area carries usnally three rows of bristles, the first near the 
b;i,se of the antenna?, the second in the middle, and the third near the hinder 
edg(i of the lusid, wliich are t.ontiniied forwards on to the frons, and probably 
d(dineat(^ the four segments of wliich the head is composed. 


Anterior .iiid v(‘ntra.l to the frons ai 
carri(‘S the iTK)iith appendages, which 



Fig. 450 . — Xenopsylla cheopis : Male. 
(After Jordan and Rothschild, Journal 
of Parasitology .) 

I, Labrinn, mandibles, and labial 
palps (a.t the? junction of the last named 
with the head is seen the triangular 
maxilla.) ; 2, maxillary palpi ; 3, antenna; 
4, pronotiim; 3, mi'sonotum; 6, meta- 
notnni; 7-12, ordinary abdominal ter- 
git(‘s; 13, seventh tergite with bristle 
(behind this is seen the small eighth 
tergitij; 14, ninth tergite, with sensory 
])la,te; 13, tenth t(‘rgite; 16-24, sternites 
of abdominal segments; 25-27, meta- 
sternite; 28. mesosternite ; 29, pro- 
sternite. 


cl gena lies the perioral ring, which 
consist of a labrnm (epi pharynx), 
mandibles, maxillae, and j^alps, hypo- 
pharynx, and labium with palps. 
There does not appear to be a 
separate clypeus. 

The labrnm (variously known as 
epipharynx, hypopharynx, and by 
other names) is a hollow prolonga- 
tion of the dorsal wall of head and 
pharynx, in front it is closed, while 
behind it opens into the coelom. 
Ventrally it shows a groove, con- 
verted into a canal when it is articu- 
lated with the mandibles laterally. 
The mandibles consist of basal seg- 
ments attached to the sides of the 
mouth, and an anterior portion which 
projects freely forwards, and shows 
fine serrations anteriorly. The inner 
aspect of the mandibles possesses a 
groove, converted into a trilobed 
channel by articulation with the 
fellow of the opposite side and the 
hypopharynx. 

The maxillae are triangular chiti- 
nous plates, each possessing a four- 
jointed maxillary palp. The labium 
(which, of course, represents the 
second maxillje with their palps) is 
single posteriorly, whereit is attached 
to the perioral ring, while in front it 
is divided into two one-to-thirtcen 
jointed palps (labial palps), which 
form a sheath or rostrum for the 
otlmr mouth-parts. 

The hypopharynx consists of a 
basal portioji, which is a chitinous 
plate concave ventrally, extending 
forwards in the head from the infra- 


cesophageal ganglion to the mandi- 
bulo-basal articulation, and an anterior portion, which projects from the 
basal portion forwards, and contains the canal from the salivary pump. 

This anterior portion of the hypopharynx articulates laterally with the 
mandibles, and its canal, opening ventrally, fo ms the triradiate canal men- 
tioned above, which is continuous with the salivary groove on tin? mandibles. 

The thorax is composed of the usual three divisions, but there are no signs 
of scutellum or post-scutellum. There is generally one, but there may be 
two or three rows of bristles on each segment. Tlie pronotum may have a 
comb. The metanotum may be dentate or serrate apically. Laterally the 
metathorax is typical, showing a sternite, episternite, and epimerite, while the 
mesothorax shows a sclerite, divided into two by an internal incrassation 
running from the coxa upwards. These two divisions represent the episternite 
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and the epimerite. The episternite has the anterior and ventral portion 
separated oh by an oblique incrassation to form a sternite. The prosternite, 
or sternite of the prothorax, is not divided. Generally these various sclerites 
show bristles. 

With regard to the abdomen, the first to seventh segments are more or less 
normal, but the eighth to tenth are modified sexually. The tergiles of the 
second to the seventh segments are normal, carrying bri.stles and combs in 
different species. The seventh tergite has a subapical bristle. The first 
segment has no sternal sclerite, hence the first visible sternite belongs to the 
second segment. The third to the sixth sternites carry a ventral row of 
bristles. The seventh has a considerable number of bristles. The sexually 
different segments must be considered according to sex. In the female the 
eighth tergite is very broad ventrally. but the sternite is reduced to an 
elongated plate lying between the ventral edges of the tergite. 

The ninth tergite carries the sensory plate, with usually fourteen (there 
may be more) setiferous grooves. The ninth sternite is membranaceous 
laterally, and extends far ventrally. where it is strongly chili ni zed, and lies 



Fig. -rj5i. — A natomy of a Flea. 

(From the Journal of Hygiene, 1906.) 

I, Mouth; 2, pharynx; 3, saliva,ry glands; /\, stoma.ch; Malpighian 
lubes; 6, intestine; 7, rectum. 

inside the seventh or eighth segment. It forms the ventral wall of the vagina, 
which is joined just anbuior to it by the duet (.)f the receptaculuin seminis. 

The tenth tergite can it'S a, short conical stylet, while the sternite, which is 
triangular, carries a long In'islle ventrally before the a})ex and shorter bristles 
at the apex. 

The eighth tergite of the male is small, while its sternite is large, and from 
its cavity the coj^ulatory organs project. The accessory genital organs 
belong to the ninth segment, the sidC' of whose tergite form the clasping 
organ laterally. The internal ventral angle of the clasper is prolonged into 
a manubrium, above which is a tubercle-like projection. The outer side of the 
clasper has three process(‘s, which are different in Pulex and LcBmopsylla. 
The ninth sternite has an internal vertical arm and a ventral horizontal arm. 
The latter appears beyond the eighth sternite. The penis can be seen between 
the ninth sternite and the claspers. 

Internal Anatomy. — The mouth, wliich is situate- below the base of the 
labrum, opens into the aspiratory pharynx, which communicates, via a long 
oesophagus, with the stomach. Just before this organ the oesophagus is 
swollen into a bulb, which represents the proventriculus. 

At the junction of the stomach with the intestine are the openings of the 
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four Malpighian tubes. The intestine intestine, colon, 

and rectum, the last mentioned opening a ^ ^ alimentary canal 

The salivary apparatus is, as usual, separate Irom tne alimentary canal. 

It consLtVof two glands, on each side of the body, lying in the fat-body in 
front of the stomach. The duct from each gland joins, forming a common 
duct on eachlfr, which runs forward to open into the salivary pump. Tins 
is a hollow, chitinous organ, supplied with powerful muscles, situated at the 
anterior end of the ventral surface of the hypopharyux. 

The duct of this pump, running forwards through he hypopharyux, opens 
via the triradiate cLial already mentioned as formed by the junction of the 
hypopharyjix with the mandibles, into the groove of these organs. 

The Act of Biting. -The flea apparently carefully selects the spot 
at which it is to bite, and thenpierces ahole by means of thelabrum. 
Tin's hole is tlicn enlarged by the mandibles, through whose grooves 

salivary secretion is 
pumped into the skin. 
This secretion irritates 
the vessels, causing a 
local rush of blood to 
the part, and this blood 
is drawn by the suction 
of the pharynx up a tube 
formed by articulation 
of the labrum with the 
mandibles. This tube, 
of course, is embedded 
in the skin, which is 
pierced by its two com- 
ponent parts. 

There are therefore 
two tubes in the mouth- 
parts of a flea- — an 
efferent, carrying the 
salivary secretion, and 
an afferent, carrying the 
blood, which is taken 
to the stomach, and 
luernolyzed und digest c'd. It apjiears that the black residual mass 
is capalile of further digestion by the rectal glands. Imither 
bionomics will be given under Xenopsylla cheopis. In some people 
flea-bites may cause a local papular eruption— ^.g., ceratophyllus 
fasciatus. 

Life-History. — The (‘.gg is oval, waxy white or opaque porcelain in 
appearance, smooth, and with a length of about 0-5 millimetre. 

It is generally deposited between the hairs of the host, and falls 
off on to the ground. In two to four days the larva is hatched. 
This larva is an elongated worm-like little creature with fourteen 
segments. The head is well developed, and has strong mandibles 
suitable for biting. It lives on dead organic matter, and moults 
three times as a rule — i.e., three to four days, and again six days, 
and again seven to fourteen days after hatching. It then spins a 
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cocoon, inside which the pupa becomes the imago in about five 
days, the whole time required for development being fourteen to 
thirtyrthree days. 

Dispersal. — Fleas are dispersed mainly by their host travelling 
about. Such a host as a rat may, of course, be carried by merchan- 
dise, and, again, merchandise itself can spread fleas. 

Capture of Fleas.- — If it is desired to capture fleas, allow a suitable 
animal to remain in the place, when the fleas will gather on it. 
Then chloroform the animal, and comb the stupefied or dead fleas 
on to white paper. 

Remedies. — The remedies for fleas are, first and best, a clean 
houses — f.ta, plenty oi soap and water applied to the floors, etc. Other- 
wise naphthalene, pyrelhrum powders, totiacco leaves and infusions, 
and benzene may be used. 

A flea cannot jump more than 4 inches- an important fact to be 
noted. 

Flea larvae arc delicate little things, and cannot stand disturbance ; 
hence fleas will not be found in houses kept well swept and dusted, 
but will abound in infected empty houses. 

Classification. — ^I'he Siplionaptera are classified by Rothschild into 
three families: (i) SarcopsyllidcC, (2) Pulicida.‘, (3) Ceratopsyllida?. 

Only the first two are of importance, the last named being found 
on bats. 

Family SARCOPSYLLiDiE Taschenberg, 1880. 

Synonym. — Rhynchoprionklce et Recto psyllidce Baker, 1905. 

Siplionaptera witliout ctenidia. Labial palps rather long, but 
very weak and fragile; pale, slightly chitinized, formed of one or 
two segments. Small maxilla^ little prominent. Fit rcing apparatus 
very developed; mandibles large and strong. Genal extremity 
always prolonged below and in Iront into a. process, placed behind 
the insertion of the mandibles. Nota of thoracic segments shorter 
than that of the first abdominal. 

Genera. — Echidna pJiaga Ollifl, 1886; Hcctopsylla Frauenfeld, i860 ; 
Devmatophilus Guta in, 1838 or 1839, which, according to Jordan 
and Rothschild, may lie recognized in the following manner; — 

I. Hind coxa with patch of spines on inner side — Echidnophaga . 

II. Hind coxa without such a patch of spines : — 

{a) Hind femur with large basal tooth-like projection — 
Hcctopsylla. 

{h) Hind femur simple— Dermatophilus. 

We need only consider Dermatophilus. 

Dermatophilus Guerin, 1838. 

Synonyms. — Khynchoprion Oken, 1815, nec Hermann, 1804; 
Sarcopsylla Westwood, 1836. 

This genus contains the species Dermatophilus penetrans Guerin, 
distinguished by having a di.stinct eye, and D. ccecaia Enderlein, 
1901, with a rudimentary eye. The latter species was found behind 
the ear of Epimys rattus in Brazil. 
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-Dcrniaiophilus pendrans : Mali-:. 
(MiCKOpnoTociKArii.) 


Dermatophilus penetrans Guerin, 1838. 

Synonyms . — Pulcx luiuwius cutciu pcHclYotfis Catesby, \ Pulcx 
minutissiinius nipvu'aus B'lrrero, ^ 743 ? Acclyus fuscus sub cuteui 

nidulans pYohoscicB acutiore 
P. Brown . 1756 ; Pulex penc- 
tYanshm\\x,us, 17^7; Rhyn- 
choprion penciY(ms Okcn, 
1S15. 

This is the insect vari- 
ously known as the Chigoe, 
or jigger, and believed to 
have been discovered by 
Oviedo in 1551. The home 
of this little insect appears 
to be South America, 
especially B razi 1, from 
which it was conveyed to 
West Africa about the 
middle of last century, 
arriving on the West Coast 
at Loanda from Rio Janeiro 
by a ship, the Thomas 
Mitchell, in 1872, whose 
crew was sulfering fiom jiggers. It was probably noted on the 
bold ( oast for the first time in the early seventies. It appears 
to have spread across 
Africa by Stanley’s Expe- 
dition and by trad(t routes, 
arriving in i'.ast Africa in 
1895, and from East Africa 
it spread to India in 1899 
by the 4th Bombay In- 
fantry, but luckily the 
infection did not spread 
beyond Bombay. In 1900 
it reached Madagascar. It 
affects not merely man, 
but domestic and wild 
animals. Perhaps the most 
noted feature is the way in 
which it attacks pigs. On 
the Gold Coast it appeared 
to be largely kept in exist- 
mice by these animals. It 
is very easily captured in 

the free state by taking a little ,;pig with a pale abdomen Qnrt 
Tt*” Its back on the ground on which infected pigs are 
Hj,. After watching a few moments, a black speck wilf appear 



'\5\- -DermatophilLis penetrans: 
Female. (Micropiiotograph.) 
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on the pig’s abdomen, and quickly another and another. These 
black specks are jiggers, which can easily be transferred to a test- 
tube. On examination, they will be found to be males and females 
in about equal numbers. It appears likely that a number of different 
species, if not genera, are included under the term D. penetrans, 
and there is without doubt room for investigation into jiggers taken 
from wild and domestic animals and man. 


It the reader will look at the list of synonyms, it will be clear 
that, by the law of priority, the name of this little insect should 
be Rhynchoprion penetrans, and not 1 ). penetrans, as the name 
Rhyncho prion Oken is dated 1815; but Rothschild has recently 
pointed out that Rhynchoprion was applied in 1804 by Hermann 
to a tick, and also by Oken to other ticks in 1815. 

Geographical Distribution. Tt occurs in Mexico, West Indies, 


Central and South America, through 
the whole ot tropical Africa, and as 
far south as Mashona— i.c., 30° N. 
to 30° S. In Asia it does not appear 
to nourish; it has only infected Bom- 
bay, and will probably not become 


\ 

\ 




Fig. — Derma fo/yhilits pcnclrans : 

Pregnant I'HMALii:. 


Fig. /156. — Dermatophilus penetrans . 
(After Ncwstcad, Annals of 'Vropical 
Medicine and Parasitology.) 
a, Larva; b, youngcT larva; 
c, empty cuticles of eggs. 


naturalized, as the monsoon conditions do not appear good for it, 
tor it flourishes in a wann, dry, sandy soil. 

The femah' only becomes endoparasitic, and when it first arrives 
in a place, and is unknown, may cripple people, and cause loss of one 
or more toes. 

Morphology. — ^The general account already given of the morpho- 
logy of fleas and the special characters indicate the morphology 
sufficiently for the purposes of this book. 

Life-History. — -The males and females live in dry, sandy soil as 
reddish-brown little insects about i millimetre in length, and are 
very active. They live by sucking the blood of warm-blooded 
animals. When impregnated, the female burrows into the skin of 
a warm-blooded animal, whether bird or mammal. The abdomen 
now swells enormously into the size and appearance of a small 
pea. If one of these small peas is examined, it will be seen to 
show the head and thorax anteriorly, and the two last abdominal 
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segments posteriorly. The head is in the bottom of the burrow 
in the skin, and the posterior abdominal segments block the opening. 

The eggs are expelled through the opening in the skin, after which 
the female jigger is expelled b^y ulceration. The egg develops into 
a larva with thirteen segments. This larva spins a cocoon, inside 
which is the pupa, which gives rise to the imago in about eight to 
ten davs. 


Pathogenicity. — ^This will be described later (Chapter X(' VI.), but 
it may be mentioned that it includes irritation, pus formation. 



ulceration, and forma- 
tion of a sore, which 
may become infected 
with bacteria, and 
cause loss of a toe or 
a leg, or even tetanus 
may develop. 

Family Pulic;dvE 
Stephens, 1829. 

Siphonaptera with 
body compressed or 
elongated, always 
larger than in the 
preceding family. 
Head, in comparison 
to the rest of the 


i lus drawing sliDws the combs on the head and body, small; top 
])rotiu)rax. round; venter pro- 

r, ™ tected with hairs ■ 

olttMi IK) eyes. The antennal groove is at times covered by a chitinous 
plate. J he end segment of the antenna is either segmented or un- 
segmented. iliorax wide; pronotum often with ctenidia. Abdo- 

endopaTaitr* original form is lost. Female never 


rhere are tliree subfamilies: Pidicinw Tiraboschi, 
1 iraboschi, Hystyicliopsylhnce Tiraboschi. 


I'y-plopsyllincB 


Subfamily Policing. 

PulicidrE with eyes. 

inoie important genera of the Pulicina; may be arranged as 
follows (modihed after Jordan and Rothschild) ‘^^^anged as 

at genal angle- 

C. ctenidia on prothorax only. 

Tl’ projecting h^Ynnd—Pygiopsylla. 

treely projecting beliind. 

2) Suhof segmented—Ceratop/iyl/us. 

(2) Club of antenna incompletely segmented— 
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D. Ctenidia absent on prothorax and head. 

I. Terminal segment of antennae short, only distinctly segmented 

posteriorly. Hind coxa with a comb; fifth tarsal segment 
with four lateral and one siibapical bristle. 

(1) Forms with small mesial tubi^rcX^—Mwopsylla. 

(2) Forms without small mesial tulxTcle; — 

(a) Mesosteniite with internal rod-Iikc inciassation from inser- 

tion of the coxa upward. 

(a) Anterior angle of genal edge prolonged backwards into 
a triangular lobe ; pronotum stronger than metanot iin 1 
— Pariodontis. 

{h) Anterior angle of genal edge not produced into tri- 
angular lobe — XcHopsylla. 

(b) MesOvSternitc without internal rod-like incrassation from 

insertion of the coxa upward — Piilcx. 

II. Terminal segment of antennae segmented all round; hind coxa with- 

out a comb; fifth tarsal segment with four lateral bristles and 
one subapical hair. 

(1) Terminal segment of antenna? symmetrical; gmial process with 

a number of bristles — Parapsyllus. 

(2) Terminal segment of antenna? asymmetrical; proximal segments 

sloping backwards. Genal process with only one to two 
bri sties- -PA opa lopsylla . 

HI. Terminal segment of antenna? segmented all round; symmetrical. 

Hind coxa without comb. Fifth tarsal segment with five 
lateral bristles at least, and subapical hair. 

(t) Antennal groove open behind. 

{a) Abdominal tergites with one row of bristles, except first, 
which bears two. First hind tarsal segment shorter than 
second— -Coptopsylla. 

{})) Abdominal sternites with very numerous short bristles. 
First mid-tarsal segment longer than second- — (ioniopsyllns . 
(2) Antennal groove closed bcliind. 

Abdominal te/gites with one row of bristles — Lycopsylla. 

Subfamily Typhlopsylltn^.. 

PulicidcP with eyes absent or very rudimentary. Head rounded 
in front. Body thin. 

Genersi.—Ctenopsylla Kolenati; Ctenophlhalmus Kolcnati, 1857; 
Typhlopsylla Wagner; Neopsylla Wagner; Typhloceras Wagner. 
Ctenophthalmus can be recognized by having movable ctenidia 
in front of the ocelli, and the rest can be differentiated as follows : — • 

i. Third tarsal with five lateral bristles on each side — Typhloceras. 

II. Third tarsal with four lateral and two accessory bristles- — Ctenopsylla. 

III. Third tarsal with four lateral and no accessory bristles — Neopsylla. 

IV. Third tarsal with three lateral and two accessory bristles — 2'yphlopsylla . 

Subfamily Hyst; iciiopsyllin^?:. 

Abdominal tergites with one or more ctenidia; posterior tibial 
spines in numerous short, close-set, transverse rows on posterior 
border, with about four spines in each row; female with four 
antepygidial bristles on each side. 

Genera. — Hvslrichopsylla Taschenberg, Macropsylla, 

THE FLEAS OF RATS AND MICK. 

The following table gives the fleas observed on rats, mice, and 
field-mice, by Tiraboschi and Rothschild. 


55 
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Pulidda* 


/Pulex. . . . P. irritans L. 

„ „ rX. cheopis Roth. 

Xenopsylla . . brasiUensis Baker. 


/'Pulicinai . . 


Hoplopsyllus . . 
Ctenocephalus 


I Ceratophyllus 

Odontopsyllus 
' Pygiopsylla . 


/Ctenopsylla 


! Stcphanocircus 


H. anomalus Baker. 

/ Ct. felis Bouch6. 

(Ct. canis Dug^s. 

fCer. fasciatus Bose. 

Cer. londiniensis Roth. 
Cer. anisus Roth. 

Cer. niger Fox. 

Cer. penicilliger Grube. 
Cer. walkeri Roth. 

Cer. pinnatus Wag. 

Cer. gallinae Sch. 

Cor. abantis Roth. 

Cer. lucifer Roth. 

Cer. pollionis Roth. 

Cer. agilis Roth. 

,Cer. californicus Baker. 

fOd. charlottensis Baker. 
\Od. telegoni Roth. 

(P. colossus Roth. 

P. hilli Roth. 

(P. rainbow! Roth. 

"Ct. musculi Diigds. 

Ct. spectabilis Roth. 

Ct. taschenbergi Wag. 

« Ct. agaihffles Roth. 

Ct. el] obi us Roth. 

Ct. pcctuiiiceps Wag. 

Ct. selenis Roth. 

[St. thomasi Roth. 

4 St. dasyuri Skiisc. 

(St. simpsoni Roth. 


Typhlopsyllinae . . 


! Ctenophthalmus /Ct. a?gyrtes Heller. 

ICt. assimilis Tasch. 

iTyptl„p.yn. .. 

Chiastopsylla . . Ch. rossii Waterst. 

( N. bidentatiformis Wag. 
Neopsylla . . 4 N. pentacanthus Roth. 

In. isacanthus Roth. 


Typhloceras . . 


Hystrichopsyllinae 


j Hystrichopsylla 
^ Macropsylla . . 


Typhl. poppei Wag. 

{ Hystr. tripectinata Tirab. 
Hystr. talpae Curtis. 
Hystr. narbeli Galli-V. 
Macr. hercules Roth. 


JBaroopsyllinae 


Oerraatophilus P^net-rans L. 

^ (D. caecata Enderlein. 

/Ech. murina Tirab. 

.Echidnophaga J Ech. gallinacea Westw. 

I Ech. myrinecobis Roth. 
tEch. lispus Roth. 
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Epimys norvegicus Erxleben, 1777. 

Pulex irritans Linnaeus, Xenopsylla cheopis Rotjischild, Cteno- 
cephdlus fell s Bouche, C . canis Curtis, Cercttophyllus fctscicttus Bose, 
C. londiniensis Rothschild, C. penicilliger Grubo, Ctenocephulus 
Musculi Duges, N eopsylld bidentuliformis Wagner. 

Epimys norvegicus is the true host of Cercttophyllus fasciatus, 

Mus musculus Linnaeus, 1758. 

Ceratophyllus fasciatus Bose, C. Undiniensis Rothschild, C. wctlkeri 
Rothschild, Odontopsyllus charlottonsis Baker (?), Ctenocephalus 
serraticeps Taschenberg, C. musculi Duges, Tvphlopsylla assimilis 
Taschenberg, 1 . agyrtes Heller, HysfricJiopsvlla Iripectinata Tira- 
boschi. 

Epimys rattus linnaeus, 1758. 

Pulex irritans Linnaeus, Xenopsylla cheopis Rothschild, Cteno- 
cephalus felis Bouche, C. canis Curtis, Ceratophyllus fasciatus Bose, 
C. londiniensis Rothschild, Ctenopsylla musculi Duges. Dermato- 
phi-lus ccecata Enderlein, Echidnophaga rhynchopsylla Tiraboschi. 
E. gallinacea Westwood. 

Of all these fleas, the most important with regard to plague are : — 

A. Spreading the disease from rat to rat — Xenopsylla cheopis 
Rothschild and its allies; Ceratophyllus fasciatus Bose and its 
allies; Ctenopsylla musculi Duges; Ctenocephalus felis Bouche; 
C. canis Curtis. 

B. Spreading the disease from rat to man Pulex irritans 
Linuc'ens, Xenopsylla cheopis Rothschild, Ctenocephalus felis Bouche, 
C. canis Curtis, Ceratophyllus fasciatus Bose. 

Of all these, the most important is Xci/opsylla cheopis Roths- 
child, and it is believed that its true host is Epimys rattus. 

Citellus beecheyi Richai dson. 

This is the ground squirrel of California, which has been proved^ 
to play an important part in the plague infection of that country, 
and its fleas have been recently studied, and it has been found that 
Hoplopsyllus anomalus Baker is capable of carrying the bacillus, 
and according to McCoy Ceratophyllus acutus Baker can also convey 
the disease from squirrel to squirrel. 

Arctomys bobaj Schreb. 

This is the tarbagcin, and its common flea is Ceratophyllus silvan 
fieri Wagner, i8q8. 

Pulex- Linnaeus, 1758. 

Pulicince with head without notch on the frons; antennal groove 
closed behind by a genal process. Strong incrassation separating 
occiput and frons. Eye large, a little pointed below, with! wo 
bristles beneath it, and one on the oral edge. Anterior angle of 
genal process projecting somewhat downwards, and usually bearing 
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a small tooth (remains of a comb). Anal coxa is pear-shaped 
?aSg a number of hairs on the inner postenor portion, as well 
Sin frLt, and carrying a row or patch of short spines near apex. 
Greatly reduced thorax, the tergitcs being short, each with a row 
of bristles but without subapical spmcs on the mesonotum. 
Mesosternitc characteristic, vciy narrow, with ventral edge close 
before ape.x, stigmata not being entirely covered. No internal rod- 
like or cariniforni iiicrassation from the insertion of the coxa to 


tlie dorsal edge. . 

Male with eighth tergitc with small manubrium; eJasper with 
very large flap, on inside of which are two processes, forming a kind 
of clciw Manubrium of clasper large, curved. Ninth sternite 
btiouKTang-shaped, with its upper end pointed. Internal wire 
like spring of ninth sternite and penis making several coils. 

Female. -No hairs above stigma of eighth stergite. Stylet with 
long api('a] bristle and short bristle near apex. Anal sternite 
trlllK^'l t<' i bristles conhned to the apical edge. 

Species: P. irriians Linuieus. 


Pulex irritans Linnaus, 1758. 

Synonyms. Pulex vitlgarts Rains, lyio : P. afer Linnams, 

P. hominis I luges. 1832; P. simulant 3 >aker, 1895; P. dugem^ 
1>akcv, i()o.-|. 

d'his, in a much restricted semse, is the P. nnians Lmnaus, 
wlvich hicludcd all llcas, bid now the term is lastrided to the 
])arasit(‘ of miui. It is ('SSiMitiallx' an Old-World flea, those of 
America lu'ing bill distantly connected, but has lit'come now 



cosmopolit.in through trade. It appears to have been introduced 
into tile eastern tropics by Juiropeaii trade. Tt is absent from 
the Sahara and tlu‘ Haussa countries south of it, but it abounds all 
through Africa where there are European settlements. 

The question whether there are different vaiieties on the different 
races of mankind is not settled. Baker described a Pulex dugesi 
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or P. irritans dugesi from West Mexico on Citellus macrourus and 
man, but is the only person who indicates this. 

P. irritans is also found on animals, particularly the badger 
{Meles taxus) in England; on dogs, cats, rats, and other animals in 
various parts of the world. 

Xenopsylla Glinkkendcz, i()()7. 

Synonym. — UmnopsylUi Jordan and Rothschild, 1908. 

Pidicinca with third segment of antennae distinctly segmented 
only on posterior side. Eye round; one bristle behtw, one in front 
of eye, third at oral edge. Erons without tubercle; four-st^gmeiited 
labial palpus; closed antennal groove. Pleura of the mesosternite 
divided by a suture into an cpisternite and an epimerile, with tlie 
dorsal apical bristle of tlie seventh abdominal tergite remote from 
the edge of the segment, with short spines on the iinier surface of 
the coxa of the third leg, with a rod-like incrassation on the inside 
of the coxa of the second leg; tilth tarsal segment with four lateral 
bristles besides tlui subapical hair. 

Male with clasper provided with two or three siiiall proc(‘SS(.‘s; 
manubrium narrow; upper internal portion ol the niiiili sternite 
not very sharply deliued. 

Female with the stylet bearing, besides the long apical bristle, 
a short bristle situated in a notch before ap(‘X. 

Type. — Xcmpsylhi cJieopis Rothschild. This genus is found in 
Africa and Central Asia in particular. 

At the time of writing there are some twenty four species known. 

Xenopsylla clieopis Rothschild, 1903. 

Synonyms.— cheopis Rothschild, 1903; Pulcx chcopis 
Rothschild, i9<^3; P. brasilionsis Bakia*, 1904; P. miiriniis Tira- 
boschi, 1904; 2 ^. pJiiiippinensis Herzog, 1904. 

This is the rat-llea in all parts of the tropics, and is bt^lieved to 
be the principal transmitter of bubonic plague from the rat to man. 
Its home is believed to be the Nile Valley, where it lives on various 
hosts, but it has spread from tlu;re by the agency of the rats. 

It is often referre.d to in literature by the name P. pallidiis 
raschenberg, which is really a. different species. 

Jordan and Rothschild report it on man or animals from the 
li^gyptian vSudan, Pretoria., Beira in East Africa, Entebbe, Uganda, 
Bcnguella, Angola, Reunion. MarseiUes, Plymouth, Aden, Bombay, 
Agra, Arabia, Japan, W('st Australia, New South Wales, Colombia, 
Paraguay. 

They have found it on man, Epimys norvegiciis, E. rattus, Mus 
chrysophilus, and several other animals. 

Morphology. — Episternum of metathorax separated from ster- 
num. The latter carries a bristle as long as that on the former. 
Hind femur angulatc ventrally at the widest part. Fifth segimiiit 
of fore- and mid-tarsi, with three spine-like bristles, ventrally at 
apex; lateral ones very stout in male. Clasper with two distinct 
free processes; manubrium long. Penis without a brush near apex. 
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Llfe-History. -The eggs are round waxy-white or^ pearty^ m 
colour, and number one to five at eacli ovip which at once 

in Bombay in two days, a week’s time these ’ 

hide themsetvcs away from the Jjgiit. ceasing 

larva-, wliich at first arc very active, I>ccome ^ Sb ’ k, ’ 
to eat, spin cocoons composed of fine vdiitc si v- v . Jt. phont 
cocoon becomes covered with rubbisli, and is hard to see. I 
seven to fourteen days the imago escapes from the cocoom i 
total develojiment, tliercfore, rc((un es aliout twenty-one to twenty 

two dilVS. , . •^■1 X 

Bionomics. — The young Ilea is capable ol living without a 
of blood for some seven to fourteen days, but if not fed then 
The length of life of a flea is difficult to ascertain, but Xenopsylla 
cheopis will live forty-one days on a rat and twenty-seven days on a 
man. Tlierefore, the whole life of a rat-flea from birth to deatn is 
about sixty-three days. A rat-flea is more readily attracted by a 
rat tliaii hy a man. It breeds at all tcmpiaatnres, hut has one 
o]jtimum temperature abo\'e and below wiiicli h does not tJinxe 
so W(^ll. Dampness is injurious to tlu’ flea, killing the larvae and 

]iiiid('ring development. 1 o . f 

X. cheopis is Hk; commonest rat-flea, being probably the ilea 01 
Epiniys noriwy^icits in fndia, while in Western I'-^uropc (.. cralophyllvs 
fiisciains is t lie flea of the same rodent, ft is found on E. norve^xcus , 
E. rail MS, and Nesohia bcngaliexisis ; cdso on musk-rats, guinea- 
])igs, ca,ts, rabbits, antelopes, kangaroos, and men. 

Tile infection with plague bacilli does not erppear to affect the 
flea’s health, for it has an immunity dependent, apparently, on 
phagocytosis. 

Hoplopsyllus Baker. 

Clos(;ly related to Pulcx, but distinguished at once by the ctenidia 
oil the protliorax. Hoplopsvihts anomalus Baker is the plague carnei 
of the Californian ground squirrel. 

Family Ceratopsyllid^ Baker, 1905. 

SiphoiKiptera wilh ctenidia present on the inotathorax and abdomen, eyes 
rudimentary or absent. 

Genus. — Ceraiopsyllns Kolenati. 

Tlie species of this genus arc found on bats. 



fuG. 460. — Larva of a Beetle passed per Urethram. 
(After King.) 
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COLEOPTERA. 

Hexapoda with, biting mouth-parts. Anterior wings altered to form cases 
for the thin posterior wings. 

Remarks* — The larvae of beetles have rarely been record :d as parasites of 
the alimentary canal, or found in abscesses in man in the temperate and 
tropical regions. Silvanus surinamensis Linnaeus bites people at night. 


ORTHOPTERA. 

The bite of Enyaliopsis durandi Lucet causes a nasty eruption 
(according to Wiggins, 1910, in man in Uganda), with high fever 
and general illness, and finally sloughing at the site of the bite. 

petersi Scliaum, the nantundua of Nyassaland, according to 
Stannius, can cause ulceration by the action of a yellow fluid which 
it emits. 

IhtPhasmidcB, or stick insects, are said to eject a fluid which 
may cause blindness if it gets on to the conjunctiva. 
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CHAPTER XXXV 

THE ANIMAL CARRIERS OF DISEASES 


I’lcJiniiUHTy - — 1 Iistorical — Protozoal diseases — HeJmint hiasis - - Myiasis— 
Jiacterial diseases — -Diseases of unknown causation — Chance trans- 
mission — Imperfect carriage of parasites — Terms — Keferences. 

PRELIMINARY. 

The prcstJiil cJiajdcr is an lo put in concrclt; form the role 

of fJj(‘ ‘ aijjjuaJ carrier ’ oX disease. 

Animals can ])roduce traumalisins by liieir l)itc'.s, and can cause 
disease by iiij(‘cting chemical substancc.s manufactured in tlieir 
bodic'S— American and Australian tick f)ara.lysis — but these 
questions do not now concern us. 'The fnoblems wJiich we are 
about to consider are those associated witli the spread of diseases 
known or suspect t'd to b(' ])arasitic. Such diseases are divisible into 
those caused by animal and those caused by vegetal ])arasites. The 
latter are tlu', simpler, as their carriage does not involve any great 
inorj)hologicalc)uingesinthe parasite, such as often accompanies the 
carriage of an animal parasite, which, as it is the more complex, 
we will consider first. 

A given animal parasite apparently has some form of sexual 
generation in some stage of its life-liistory, and it is probably merely 
our lack of knowledge which prevents us from acknowledging 
this as a ])roveu fact. 

The host in which tiie sexual generation takers placid is called the 
definitive host, and is pjobably tin* original host, in which, as a rule, 
the ])arasite does not ])roduce severe forms of disease and may 
produce no ill effects at all. Tliis shows that it and its host have 
become so adjusted that it does not overproduce itself in the 
host, wliich on its jxirt does not poison or otherwise attack the 
parasite. 

It is certainly not the object of the parasite to kill its definitive 
host, but to leave it lyy some route which causes no great disturb- 
ance of its tissues or functions. Hence intestinal parasites leave 
by means of the fieces, but in so doing they areflung into new dangers, 
and therefore require protection by encystment. These cysts may 
l)c eaten by anotlier individual of the same species as the original 
definitive host, and the cycle may begin again; but the dangers 
of the outer world may be guarded against by cut ering some animaFs 
bod}’ in which no development occurs. Such an animal would be 
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a protective intermediary host, and such a cycle can be exemplified 
by the amoeba of dysentery and house-flies. 

This extremely simple carriage is also shown by animals which 
convey bacteria, but some of these undergo multiplication in the 
gut of the intermediary host— as, for example, the plague bacillus — 
and may even have their virulence raised — as, for example, Ebert h’s 
bacillus. Returning again to the animal parasite, this may grow 
and multiply in this second host, and may invade its tissues and 
dwell therein for a length of time. This is cpiite different from tl:e 
short passage of an aiiKebic cyst in the flies’ intestines. The second 
host now becomes a true ini ernic dint c host, but it is something 
relatively new interposed in the life-cycle of the parasite, which 
has not yet adjusted itself to its new host, nor has this host adjusted 
itself to the parasite; and the result is that the parasite almost 
invariably causes disease in the intermediate host, which may be a 
vertebrate or an invertebrate — e.g .: — 



The Di':i 

KiNiTivi: Host. 


Pay a site. 

Definitive Host. 

1 liter mediate Host. 

Nature oj 
Parasitism. 

Pilaria 

hancrofti. 

Man but Utile 
atlcctcd j)atlio- 
logically. 

Ciilex a.nd Slegcj- 
myia nioscjnitoes 
severely alfeeted j 
by iidection. j 

iVuc parasitism of 
the vertebrate. 

Plasmodium 
malavia' . 

Anoplicline mos- 
quitoes unaf- 
fected patho- 
logically. 

Man suiters from 
malarial fever. 

d'riie parasitism of 
the mosquito. 


It is therefore obvious that these two diseases, from the point 
of view of evolution, have two quite different origins. 'The first 
is originally a parasite of man, and, as Tlindlc has pointed out, 
Manson’s original idea of water infection may be the tru(i method, 
and that ah iniiio the ‘ Larvofilaria ’ lived in water and pierced the 
human skin^ as it doesto-day on leaving the mosquito, and requires, 
as Bahr has shown, dampiKiss in order to live while it pierces the 
skin. The mosquito carrier is t heiadore a relatively new acquisition, 
and the mosquito, not having adjusted itself to these conditions, 
often dies, as Bahr has shown. On the other hand, Filavia hancrofti, 
barring accidents, causes no symptoms in man, but if there are 
accidents the disease ensues. 

It is quite otherwise with the malarial parasites, in whicli the 
anopheline mosquito is the definitive host and man the intermediate 
host. Here the mosquito is not affected pathologically, but man 
suffers from malarial fever. Here the malarial parasite must have 
been originally a sort of coccidioform parasite of the mid-gut of 
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the mosquito, and may have spread from mosquito to mosquito 
by hereditary infection, as Schaudinn suggested, the sporozoites — 
i.e., the infective agent — going all over the body, and so entering 
the salivary glands, and subsequently, when the evolution of warm- 
blood animals took place, becoming blood parasites, at first 
accidentally. 

The passage fiami iheAniermediate host to the definitive host we call 
transmission. 

It is never directly inoculative, like infection, but it may be — 

1. Ingestive, via the alimentary canal. 

2. Ihiiietrative, via the unbroken skin and mucous membranes. 

In the first it is the arthropod which ingests the parasite; in the 

second the parasites come in contact with the unbroken skin or 
mucosae, througli which they force their own wav, and so enter 
the body of the intermediate host, which is usually the vertebrate 
in this case. 

hollowing our life-cycle, we come to the passage from the de- 
finitive (o th(; intermediate host, and this may be called ‘ infection,’ 
because it is so often followed by disease in the intermediate host. 
1 his generally takes place by the agency of the product of the sexual 
generation — i.c., some descendant of the zygote, using this term in 
the widest sense to mean tlic product of the fusion of male and female 
elements. 

Infection of the vertebrate, is usually inoculative, and may be 
performed in two ways: — 

{a) Ike Direct. —\\\ this the blood-sucker simply transmits the 
parasite unchanged after holding it for a short time. 

(&) The Indirect . — In this the parasite undergoes development 
in tlie blood-sucker. 


Infection and Transmission. 


Parasite . 

Definitive : 

Host. 

Infection. 

Intermediate 

Host. 

Transmission. 

Plasmodium 

malaria’. 

Anopheline 

mosquitoes. 

Sporozoites 
from zygote. 

Inoculative. 

Man. 

Micro- and 
macro-game* 
tocytes. 

Ingestive. 

Filaria 

bancrofii. 

Man. 

Microfilaria 
from egg. 

Culicine mos- 
quitoes. 

Larvofilariae. 


Penetrative. 


Ingestive. 


The direct is unusual, as a blood-sucker as a rule takes a full 
meal from one individual, and does not feed again for a day or so, 
but it may take place — as Edmond and Etienne Sergent have shown 
to be the case of the tabanid flies, which bite camels in North Africa, 
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and which spread the trypanosome disease, ' el debab —by this 
method, because they acquire a full meal from several individuals, 
and because the camels resent their attentions. 

Infection may also be contaminative. In this method the parasite, 
escaping with the carrier's faxes, enters the new bust via wounds, 
either pre-existing or caused by the carrier itself. 

In the case of the Arthropoda infection is generally ingestive, as 
it sucks the blood of the vertebrate and so obtains the blood parasite. 

Finally, just as the fly is an intermediary or temporary host for the 
amoeba of dysentery, so blood- sucking 'Hies may take up some 
blood-containing parasites and immediately pass them on to a 
healthy animal in a second feed; but while biting through the skin 
they inject this second animal with the parasite, and infection 
results. 

We will now assume that the definitive and intermediate hosts 
liave been living together for long periods undisturbed, and that 
they have adjusted themselves to the parasite and the parasites 
to them. Under circumstances such as these there will be little or 
no sign of disease in the intermediate host, which has now become 
a ' reservoir ’ for the parasite. 

Assuming that the definitive host is a blood-sucking arthropod, 
and that man enters such an area as a new-comer, and is bitten by 
the blood-sucker, then several things may happen lo the parasite. 

A. It may be killed off and no infection follow. 

B. It may find in man a suitable intermediate host, and cause— 

(1) Acute epidemic disease. 

(2) Chronic endemic disease. 

(3) No disease, only infection. 

Tlie second is obviously better for the parasite than the first, 
and the third than the second. 

Therefore, in studying the carriage of an animal parasite of man 
by some other animal, we must km^w — 

1. The parasite. 

2. The definitive hosts: — 

(a) Reservoirs. 

{b) Non-reservoirs. 

3. The method of infection. 

4. The intermediate hosts: — 

(a) Reservoirs. 

(b) Non-reservoirs. 

5. The method of transmission. 

But there is another question which it is necessary to consider 
when man is the definitive host. This question is whether the inter- 
mediate host is new, and if so, whether any trace of the old original 
life-cycle still persists. It should be remembered that man evolved 
later than blood-sucking insects, as evidenced by tsetse-hies found 
in geological formations in America — so Sambon informsthe writers. 
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Therefore, in order that man may be the definitive host and the 
blood-sucker a jiatliologieally affected intermediate host means a 
comparatively recent evolutionary change. Therefore an old 
original life-cycle may still be discoverable, if sought for, and 
may be of valia; in piophylaxis, which is the end and aim of ihe 
study of the animal carrier. 

With these j)rcliminarv remarks we may now turn to the history 
ol tlu‘ subji'cl. 

Historical. Thu liisLory ol lliuaiiimal ( iirriurol d isuasu niLiy be lUvidccl into 
Uiruu periods by llie dales 1878 and 1898 -i.c., by Mansoii’s and by l^oss’s 
discovenes — -and tlu;se periods will be; — • 

1 . Early views. 

11 . Manson’s periot.!. 

111 . Ross’s period. 

I. Early rnvi'-'.s'.- -Tliis period is charael(n'iz(“d by gro})ings in search ol 
triilh, mainly by suggest ions and by theories, but also by the lirst experi- 
numls with bacteria. 

In 1577 -Vlercnriidis suggested that plague might be s])read by house-llies, 
and in !()()(> Sydenliam opined that the aiitiimnal diseases of Ihigland were 
due to the Hies ol summer. In 1769 Bancroft advanced the theory that 
h'rambwsia tropica was a tly-borne disea.se. and in 1808 O.i.wfoi'd belii;vetl 
inse<'.ts to be carriers of infection. In i8^8 Nott of Abibama brought forward 
rea,sons to sipiport tlu^ insect origin (A yellow pever. In 185 ^ Moore referred 
to Hies as possibh' carriers of cholera, typhoid, tuherculosis, anthrax, and leprosy, 
to the last named of wliich Linmeus had already invited attention, while 
Kaiinbert in i 80 <) ])erformed the lirst actual experiments to try to prove that 
Hi('S carried anthrax. 

In 1853 Beauperthny argued that mosejuitoes spread yellow fever. 

II . Manson’s Fenod .- — This o])ens with the publication of Manson's epoch- 
making discoveries of the carria.ge of Filaria bancrqfti by mosquitoes, and it 
must never be forgot! cm tliat he grasped at once that this was a new infection 
of the mosquito, and that water was the original method; and thus he dis- 
covered two great truths, of which so far only one has been properly appreci- 
ated, because' the insect-carriage laid the foundation of Ross’s great work. 

In 1881 h'indlay delinitely accused mosquitoes as being the transmitters of 
yellow [ever, and conducted experiments in wiiich ho. is considered to have 
been successful in transmitting the disease exyieri mentally by their bitc's. 

In 1883 King formulated the theory that imdaria was spread by mosquitoes, 
and in the same ycrir 'rhoma.s demonstrated the carriage of Fasciol(( hcpatica 
by snails, while Chassi and Stiles showed that parasitic worms were carried 
by artliroiiods. 

In i8t)5 Bruce discovered that J'rypanosonia brucei, was spread by a tsetse- 
lly, a tact wliich led evi'iitually to clearing up of the carriers of tryjianosome 
diseases. 

During tlu' closing years of this period Ross in India was hard at work 
dissecting moscjuitoes in the face of much dilliculty, thus opening the way for 
the last period of our history. 

III. Ross’s l^crtod. -Juai. twenty yea.rs ago (1898) the new stage of research 
into tlie animal carrier in disease was opened by Ross’s most important, 
careful, and laborious work into the causation of malaria, and the carriage 
of its parasites by the anopheline mosquitoes. 

This discovery was followed in 1899 by the classical paper by Nuttall, on 
‘ Insects as Carriers of Disease,' while in 1900 Reed, Carroll, and Agramonte 
showed that Stegomyia [esdes] calopiis was the carrier of yellow fever. 

The resv of this period has been referred to in the opening chapter of this 
book, and need not be recapitulated, and we will now pass on to study the 
results of this work, by considering the parasites in the zoological order 
followed in the preceding chapters. 
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A. PROTOZOAL DISEASES. 

Amcebic Dysentery. — We have already seen that amoebiasis in 
man is principally caused by Loeschia histolytica, which, escaping 
as cysts in tlie fa}ces, is taken up by house-flies— t lie t is to say, tlies 
belonging to the genera Mitsca, Fannia, Calliphora, etc. 

The cysts do not undergo development in the fly, which serves 
merely as a carrier and protector for them, which, escaping with 
the flies' heces onto liuman food, afford a means of infection. 

This carriage is interesting, indicating tlait the environment of 
the alimentary canal of the fly is not suitable for the developihent 
of this amoeba, though it is known that there are amcnb«Te passing 
their whole life-cycle in insi^cts — e.g., Endamcrba hlaifcc. 

With regard ot L. histolytica, it is believed that the sexual life- 
cycle occurs in man, but it is not definitely known whelher gametes 
are formed in the human intestine, or whether autogamy takes placa^ 
in the cyst, which is improbable, but in eitlier case the life-cycle 
does not require more than one host, and infection can take place 
by direct contamina.tion of tin; food, without ])assing through 
the fly. 

Animals can be infected with anncdiic dyscaitery, but there is no 
evidence at present of nny animal, otlu'r than man, acting as a 
reservoir, but tliis does occur in human carriers. 

"J'o d('monstrat (' wliat \\c mean w(‘ gi\’c the following table: — 


Am(EP»tc Dysentery. 


Parasite. | 

J.h'fi iii- 

Reser- 

I'rarts- ; 

tivr 

Host. 

voir. 

i)?ission. j 

l^ocschia j 

Man in 

Man in 

' ('ysts. ; 

histolV' 1 

carrier 

tarricr 

j ingeslive. ; 

tied. 

stage. 

stage. 


nicdiary 

/lost. 

lUies. 


/ nfcctioti. 


1 niermediate 
Host. 


iC-ysts in- Man in acute 
I g(‘sted troin and chronic 
I c o n t a m i - infections. 

I nated food 
or drink. 


Flagellate Diarrhoea and Dysentery. — Whatever may be the views 
of zoologists, medical men have little doubt that some of the flagel- 
lates, such as Griarclia intestinalis , jiroduce diarrlnx^a; and Wenyon 
and O’Connor have shown that their cysts have been found in flies, 
and that in general the process of infection is much the same as in 
man, but the reservoir is different, 'riiere is little doubt in our 
minds that man is more or less accidentally infe cted vdth many of 
these parasites, and certainly with Gianlia intestinalis, whicli 
appears to us to be a true parasite of the rat. 

If there is a sexual cyde, it takes place either in the cyst or in 
the vertebrate. 



878 


THE ANIMAL CARRIERS OF DISEASES 


Parasites. 


Giavdia 
■intestinalis 
and otlirrs. 


Flagellate Diarrhcea and Dysentery. 


Definitive 
Host. ' 

I 

Reser-\ Trans- ' 
voir. : mission. 

Host. 

Infection. ^ 

Inter- 

mediate 

Host. 

Man in * 
chronic cases 
and as 
carriers, and 
rats. 

Rats. Cysts FUes. 

ingested. 

Cysts in- 
gested with 
contaminated ; 
food or 1 
drink, i 

Man in 
acute 
cases. 


Sleeping Sickness. — We have already indicated that we think 
that there are several forms of this disease — viz., that caused by — 

1. 'I yypoinosoma gainhrense. --Synonym.'. T. nigericnse. 

2. Tr\>panosoma castclJanii. — Synonyms: T. it^andense, T. gam- 
hiense pro parte. 

3 • ^ rypanosioma rhodes iense. 

4. Other Forms of Trypanosomes. — [a) Some ty])e of T. hrucei 
in the laboratory infection of Professor l.anfranchi; (/d some ty])e 
of T. vivax found by Macfie. 



Fig. 461. — Glossina palpalis Robineau- Desvoidy, 1830; The Carrier 

OF THE Trypanosome of the Castellani Type of Sleeping Sickness. 

(From a photograph by J. J. Bell.) 

The carrier of the first ( 7 \ gambiense) has never been properly 
studied. Possibly it is not Glossina palpalis, and as nothing can 
be said definitely, we will not pursue this subject further, except 
to say Diat Yorke and Rlacklock consider man to be the principal 
reservoir, with domestic cattle as a secondary reservoir. 

With regard to T. castellanii, we have noted that Miss Robertson's 
researches have shown that it never multiplied in the vertebrate 
in cells of the liver, spleen, or lungs, and that there was no schizo- 
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gony, and that division was simple and longitudinal, taking place 
always in the circulating blood and producing transmission forms, 
which are her short blood forms. 

These forms can be ingested by Glossina palpalis (but one has to 
be sure that it is really palpalis, as flies apparently of this species 
have been found by King, using Newstead's more accurate methods 
of classification, not to be this species), first establishing themselves 
in the posterior part of the mid-gut and then multiplying and form- 
ing many types therein, but moving on the tenth to twelfth day to 
the proventriculus in the form of long, slender, non-inf ective trypano- 
somes, from which they find their way via the hypopharynx to the 
salivary glands after the sixteenth day. In these glands they 
assume a crithidial form, from which after multiplication small 
infective trypanosomes appear after the eighteenth to twenty-first 
day — i.e., some two to five days after infection of the salivary 
glands. 

Miss Robertson never saw any signs of conjugation or of sexual 
forms, as described by Minchin, Gray, and Tulloch, but considers 
the cycle in the hy has this significance, and if so tlie fiy is the 
definitive host, and susceptible animals can be infected by its bite. 

Is there hereditary infection of the fly via the ova, as shown by 
O’ Farrell to take place with a crithidia in a tick ? This question is 
so far answered in the negative. 

Is there an animal reservoir for T. castellanii ? Perhaps there is, 
but notwithstanding Duke’s experiment with an antelope, we believe 
that no such reservoir has been proven; and this is supported by 
the very small numbers of wild glossinre which have been found 
to contain T. castellanii. One suspects that if there is a reservoir, 
it must be in man himself when he becomes more or less immune 
to the disease. 

The possibility of direct infection during sexual intercourse 
must be remembered, in addition to insect carriage. 

There appears to be no doubt that the fly at present labelled 
Glossina palpalis is the carrier of the disease, as all experiments 
tend to show. 


Castellani Type of Sleeping Sickness. 


Parasite. 

1 

j: ... \ Definitive 

Definitive 

; voir. 

Inf ction. 

; i 

Inter- 

mediate 

Host. 

Inter- 

mediate 

Reser- 

voir. 

Trans- 

mission. 

Trypano- 

soma 

Glossina Hereditary 
palpalis. infection 

Short 
' salivary 

Man. 

\ Game 
ani- 

Short- 

blood 


castellanii. of tsetse- : trypano- mals (?). trypaiio- 

I somes. 

I Ingestiv’'e. 


tlies i.q. 


Inocula- 

tive. 
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Rhodesiense Type of Sleeping Sickness . — Kinghorn and Yorke 
have described short blood trypanosomes in man, and, judging 
by Miss Robertson’s Castellanii experiments, these must be the 
transmission agents which infect Glossina morsitanSy in the salivary 
glands of which short trypanosomes occur, which infect the verte- 
brate, whicli is th(' intermediate host. 

We now come to tlic very important question of tlie intermediate 
reservoir ol this try})anosome. Bruce says that T. brucci and T. 
rhodesiense are one and the same parasite. Assuming this to be 
true, the iut erinediat(‘ reservoir would be the African antelopes 
— e.g.y ( atoblepas gnUy the wildebeest ; Strepsiceros capensis, the 
koodoo: Tragelaphus script us var. sylvaiicus, the bush-buck. But 
there are doubts al)(>ut this, because — 



Fic;. ^()2. — Glossina niorsiians Westwood, 1850: The Cakkier of the 

'rRYFANOSOME OF THE STEPHENS AND FaNTHAM TyPE OF SLEEPING 
Sickness. 

(From a photograph by J. J. Bell.) 

1. Steplu'us and Blacklock have shown that two distinct trypano- 
somes have been called 7'. brucei — viz.: — 

{a) M ouonwrphic.—T\\\s is the original strain of brucci discovered 
by Bruce in cattle stiff ca ing from nagana in Zululand. 

(h\ Polymorphic ~ This is a posterior nucleated form from ITganda, 
wliere the Rhodesiense form of sleeping sickness is unknown. 

2 . Cdialiners and O’Farrell, working with a posterior nucleated 
trypanosome, sent to them in dogs inoculated from a cast' of slee})ing 
sickness in the Bahr-el-(thazal province of the Anglo-]^2gyptian 
Sudan, found it to differ markedly in serological I'xperiments and 
animal inoculations from the original strain of T. rhodesiense. 
This shows that merely obtaining a posterior nucleated trypanosome 
in a sleeping sickness area does not prove that it is T. rhodesiense, 
or, indeed, has anything to do with sleeping sickness. 
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3. Laveran s cross immunity experiments mentioned in Chapter 
XIX. show that T . brucei and T. rhodesiense are quite different from 
an immunity point of view. 

4. Taute has injected himself with 2 c.c. of blood from a dog 
infected with T. brucei. He did not become infected, and suffered 
no bad effects. 

5. Taute fed Glossina morsitans upon animals infected with 
T. brucei, and after waiting the necessary time these flies were 
allowed to feed upon two men, with negative results, although 
control animals became infected and died. 

Thus the chain of evidence is strengthening which tends to show 
that T. brucei is not T. rho^desiense, and if this is so, then we do not 
know the intermediate reservoir of this trypanosome, and its chart 
becomes: — 

Stephens and Fantham Type of Sleeping Sickness. 


Parasite. 

Definitive 

Host. 

Definitive 

Reser- 

voir. 

Infection. 

Inter- 

mediate 

Host. 

Inter- 

mediate 

Reser- 

voir. 

Trans- 

mission, 

Trypano- 

soma 

rhodesiense. 

Glossina 

morsitans. 

Hereditary 
infection 
of tsetse- 
flies (?). 

Short 
salivary 
tr)rpano- 
somes. 1 

Man. 

! 1 

i i 

1 

Game 
ani- 
mals (?). 

Short 

blood 

trypano- 

somes. 




Inocula- i 
tive. 



Ingestive. 


With regard to the other forms of sleeping sickness due to trypano- 
somes allied to T, vivax, etc. [vide p. 1280), too little is known about 
them and their carriers, and therefore it is impossible for us to 
discuss the means of infection and transmission. G. tachinoides is 
suggested as a possible carrier. 

Chagas* Disease. — Chagas has shown that Trypanosoma cruzi 
in the vertebrate intermediate host finally enters the lungs, where 
it loses its flagellum, while its two extremities join, and it becomes 
a sphere, inside which eight daughter spheres arise, which, elongating 
and entering red blood cells, become male and female trypano- 
somes. These are the transmission agents which carry on the life- 
cycle of the parasite in Lamus megistus [Triatoma megista) when 
it sucks infected blood. 

In this insect the trypanosome lives and multiplies in the gut of 
the insect, and gives rise to crithidial forms in the mid-gut. These 
eventually develop into small trypanosomes, which pass into the 
salivary glands, and from there are injected into the intermediate 
host when the insect bites. 

He considers that the armadillo, Dasypus noyemcinctus, may be 
the intermediate reservoir, and that Lamus geniculatus, which lives 

56 
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with this animal, may also be a definitive host, as may Lamus 
infestuns and L. soy Aida ; while Briimpt has shown that T. ctuzi 
can develop in ClifiocoYis Icctulayius and in Lcptocifucx boftcti. ^ (It 
must be remembered that Triatomacanbe infected naturally with a 
trypanosome.) 

There is no evidence of hereditary infection in these insects, 
but there is some evidence that at times infection may be contamina- 
tive from the insect faeces via the bite, but this requires more in- 
vestigation. 

The chart of this disease would be: — 


Chagas’ Disease. 


Parasite. 

Definitive 

Host. 

Infection. 

1 nter- 
mediatc 
Host. 

I Intermediate 

1 Reservoir. 

! Trans- 
j mission. 

Trypanosoma 

cruzi. 

\ 

Lamus 
megistus 
(synonym, 
Triatoma 
megista ) . 

Short sali- 
vary try- 
panosomes. 1 

Inoculative. ! 

Man. 

' Dasypus 
novemcinctus. 

1 Male and 
female try- 
' panosomes. 

Ingestive. 


Leishmaniasis.— The natur(; of the carrier and the reservoir is 
very uncertain at the present moment. Judging by the more 
marked resistance of the dog to experimental infection in India and 
tile Sudan, we may assume that there are at least two kinds of 
kala-azar. It is believed by certain authorities that a flea is the 
transmitt(T of the Mediterranean type, whereas the Indian and 
Sudan type arc not so transmitted. Patton's incrimination of the 
bug has not stood the test of time. Archibald has suggested and 
brought forward evidence that, at least in regard to the Sudan, 
infection is probably due to the ingestion of cysts from water 
arthropods. 

The development of generalized kala-azar in Archibald's monkeys, 
after the successful inoculation of Oriental sore, points to a close 
relationship between the two diseases, as suggested long ago by 
Manson. 

There is no complete evidence at present that the espundia 
parasite is essentially different from that of kala-azar, but it may 
prove in the long run to be different, because of its marked different 
clinical results. 

The present state of our knowledge, which is unsatisfactory, may 
be summarized as follows; — 
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Tropical Kala-Azar. 


Parasite. 

Inter- 

mediate 

Host. 

Intermediate 
Reservoir. | 

Trans- 

mission. 

Definitive 

Host. 

Method of 
Infection. 

Leishmania 

donovani. 

Man. 

i ' 

(?) 

Parasites 
passed in 
faxes. 

Ingestive (?). 

Water 
insect (?). 

Biting 
insects (?). 

Cysts in 
drinking- 
water (?). 

Ingestive (?). 
Inocula- 
tive (?). 

Mediterranean Kala-Azar. 

Parasite. 

Inter- 

mediate 

Host. 

Inter- 

mediate 

Reservoir. 

Trans- 

mission. 

Host 
Nature , 
Doubtful. 

Method of 
Infection. 

Leishmania 

infantum. 

Man. 

1 

1 

Dogs (?). 

Blood -suck- 
ing insect (?). 

Fleas (?). ] 

Blood-sucking 
insect (?). 


Inocula- Inoculative (?). 

tivc (?). Contamina- 

tive (r). 


Coccidiosis. — The discovery of a coccidial oocyst in a liy’s intestine 
by Wenyon and O’Connor suggests that possibly this is the method 
of infection of man by these parasites, the fiy only acting as an 
intermediary host, as in the case of Loeschia. Perhaps this ought to 
be included with chance infections. 

Malaria. — The three well-recognized malarial parasites have as 
their definitive host various species of anopheline mosquitoes. The 
classification of the Anophelinae is as follows: — 

A. Costa with less than four main dark spots — Protoanopheles, 

B. Costa with four main dark spots :■ — 

I. Sixth vein with not more than three dark s^ois-Deuteroano- 
pheles, 

II. Sixth vein with more than three dark spots — Neoanopheles. 

The Neoanopheles have no malarial carriers. 

DIVISION I.: PROTOANOPHELES Christophers, 1911. 

The division contains the following genera: — 

A. Costa without pale areas : — 

I. Female palps with second segment disproportionately long — 
Stethomyia. 

II. Female palps with second segment not disproportionately long — ■ 
Anopheles. 
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B. Costa with at least one pale area : 

I. Mesothorax without true scales. ^ . 

(a) Wing scales mixed dark and light — Patagtamyta, 
Ih) Wing scales not so mixed: — 

1, Wing scales not inflated — Myzorhynchus. 

2. Wing scales inflated — Cycloleppteron, 

11. Mesothorax with true scales — Arribalzagia. 



Fig. 463. — Anopheles niaculipennis 
Meigen, 1818. A Carrier of the 
Malarial Germs.' 

(From a photograph by J. J. Bell.) 


James distinguishes between 
true scales, which are broad and 
have distinct striations, and false 
scales, which are hair-like and 
have indistinct striations. 

The question whether any of 
these serve as definitive reservoirs 
by infection of the ova, as sug- 
gested by Schaudinn, has never 
been proved, but we doubt whether 
much research has been attempted 
in this direction. 

The anopheline mosquitoes 
known definitely to transmit 
malaria, arranged according 
to recent methods of classifi- 
cation and following Hindle 
and our previous lists, are as 
follows: — 

1. Anophelines definitely 
known to be able to 
carry the malarial 
parasites through 
the complete cycle 
of quartan, tertian, 
or subtertian infec- 
tions, or only as far 
as zygotes;- — 


(a) Anopheles Carriers. 


Number. 

Mosquito. 

1 Observer. 

Observation. 

Habitat. 

I 

A . algeriensis 
Theobald, 1903. 

The 

Sergents. 

To sporozoites. 

North Africa. 

2 

A . bifurcatus 
Linnaeus, 1758. 

Grassi. 

Tertian. 

England . 

3 1 

A. maculipcnnis 
Meigen, 1818. 

Many. 

; Quartan, tertian, 

; malignant tertian. 

1 Europe. 

1 

i 
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(b) PATAGIAMYIA CARRIER. 


Numbef . ! 

Mosquito. 

Observer. ! 

Observation. 

Habitat. 

I 

P. pseudopuncti- 
pennis Theobald. 

Darling. 

Malignant tertian, | 

Panama 
Canal Zone. 


[c) Cycloleppteron Carriers. 


Number. 

Mosquito. 

Observer. 

Observation. 

Habitat. 

5 

C. mediopuncta- 
tum Theobald. 

Cruz. 

Tertian. 

Brazil, 

6 1 

1 

C. nototrichum= 

A . intermedins 
Chagas. 

Cruz. 

Tertian. 

Brazil. 


(d) Arribalzagia Carrier. 


Number . ' 

Mosquito. 

Observer. 

Observation. 

Habitat. 

7 

1 

A . pseudo- 
maculipes Chagas. 

Cruz. 

Tertian. 

Brazil. 


DIVISION II.: DEUTERO ANOPHELES Christophers, i9ii. 

This division may be classified as follows : — 

A. Terminal segment of female palpi less than half length of penultimate. 

Tarsi not broadly banded: — 

I. Mesothorax without true scales — Myzomyia, 

II. Mesothorax with true scales — Pyretophorus, 

B. Terminal segment of female palpi at least half length of penultimate. 

Tarsi broadly banded:- - 

I. Mesothorax not completely covered with true scales — Pseudo- 
myzomyia. 

II. Thorax completely covered with true scales 
{a) Abdomen without lateral scale tufts : — 

1. Palpi moderately shaggy — Nyssorhynchus. 

2 . Palpi markedly shaggy — Myzorhynchella. 

(6) Abdomen with lateral scale tufts — Cellia. 

Most of these genera possess malarial carriers. 
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( e ) Myzomyia Carriers. 


Numhey 

Mosquito. 

1 

j Observer. 

Observation. 

1 Habitat. 

8 

' 7W. albirostris 

Theobald. 

1 Staunton. 

Malignant tertian 
zygote. 

Malaysia. 

Q 

Tlf. cnlicifacics 
Giles. 

Stephens and 
Cliristophers. 

All forms. 

India and 
Ceylon. 

lO 

i M . fovmoscpMsis 

1. and 11. Tsuguki 
=Af. aconita 
D6nitz=^ nopheles 
kochii Donitz. 

Tsuguki. 

Malignant tertian. 

Formosa. 

1 1 

M . funesta Giles= 
M. kumassi 
Chalmers. 

Many, includ- 
ing Chalmers 
in .Kumassi. 

Malignant tertian, 
including 
Kumassi zygote 
and .sjiorozoites. 

Tropical 

Africa. 

12 

M . hispamola 
ddieobald. 

Sin'gcnts. 

Tertian. 

North Africa, 
.South Spain, 

13 

M . listoni I.islon. 

Kimosliita, 
Stephens, and 
Christo]'>hers. 

Tertian . 

India. 

M 

M . tuvkhudi j 

Liston. 1 

Stephens and 
Cliristophers. 

Malignant tertian. 

India. 


(/■) Pyretophokus Carriers. 


iV umber. 

M osc/uito. 

Observer. 

Observation. 

Habitat. 

15 

]\ costalis Loew. 

Man 3 ^. 

All lorms. 

d'ropieal 

Africa. 

lb 

P. m yzofu yfacies 
Theobald . 

Sergent. 

Sporozoites. 

Algeria, 

*7 

P. superpictus 
Grassi. 

Grassi, 
iiignami, and 
Bastien elli. 

T ertian . 

Furope. 


ig) PSEUDOMYZOMYIA CARRIER. 


S umber. \ 

Mosquito. 

Observer. 

1 

Observation. 

Habitat. 

i8 1 

1 

P. ludlowi 
Theobald. , 

1 

Christophers. 

Malignant tertian 1 
zygote. 

Malaysia, 

Andamans. 
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dumber. 

Mosquito. 

Observer. 

Observation. 

Habitat. 

19 

N. annulipes 
Walker. 

Kimoshita. 1 

Malignant tertiu-ii. 

Australia. 

20 

N. fuliginosus 
Giles. 1 

i 

Stephens, 
Christophers, 
and Ad die. 

Quartan, 

malignant tertian. 

India. 

21 

N. maculatus 
Theobald. 

Staunton . 

Malignant tertian. 

India. 

22 

N . macuiipaipis 
var. indiensis 
Theobald . 

Stephens and 
Christophers. 

Malignant tertian. 

i 

Xndia. 

j 

23 

N. stephensi 
Ui^torizz^N eocellia 
stephensi 
Theobald. 

Stephens, 
Christophers, 
Liston, and 
Bentley. 

1 

1 Tertian. 

! 

India. 

i 

24 

N . theohaldi 
Giles. 

Stephens and 
Christophers. 

Quartan, 

malignant tertian. 

India. 

25 

N . willmori 
James. 

Addie. 

Sporozoites. 

j India. 


(^) Cklita Carriers. 


Number. 

Mosquito. 

Observer. 

1 

' Observation. 

Habitat. 

26 

C. albimana 
Weidcmann. 

Darling. 

1 All forms. 

Central and 
Tropical 
America. 

27 

C. argyrotarsis 
Desvoidy. 

Darling. 

! Malignant tertian. 

West Indies, 
South 
America. 

28 

C. pharcensis 
Theobald. 

Newstead, 
Dutton, and 
Todd. 

i Tertian. 

Egypt. 

2q 

C. tarsimaculata 
Goeldi. 

Darling. 

! Tertian, 

: malignant tertian. 

i 

South. 

America. 


(/) Myzorhynchella Carrier. 


Number. 

1 

Mosquito. 

Observer. 

Observation. 

1 Habitat. 

30 

j Af . arabiensis. 

1 

1 

Patton. 

Sporozoites. 

Aden 

: Hinterland. 
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II. Anophelines believed to be malarial carriers for epidem- 
iological reasons : — 


Number. 

Mosquito. 

Observer. 

j Habitat. 

31 

Stethomyia aitkcni 
James. 

Daniels, 

Cluristophers. 

Malaysia, India. 

32 j 

^yretophorus chaudoyei 

1 Theobald . 

Billet. 

Algerian Oases 
(saline waters). 

33 

Mysomyia d'ihali 
Patton. 

Patton. 

Aden. 

34 

Myzomyia kochi Donitz 
=M. aconita— 

M. formoscensis. 

Daniels. 

Malaysia. 

3.5 

Myzomyia lutzi 
Theobald. 

Lutz. 

Brazil. 

36 

Nyssorhynchus karwari 
James and Liston. 

Staunton. 

Malaysia, India. 

37 

Anopheles (?) martini 
Laveran. 

Laveran. 

Cambodia. 

38 

Myzorhynchus 
mauritianus Grandpr^ 
(?=M. paludis-=^ 

M. aconita). 

Ross. 

1 

Mauritius, 

Madagascar. 

39 

Anopheles (?) pursati 
Laveran. 

Laveran. 

L 

Cambodia. 


III. Malarial carriers in Lists I. and II. under synonym names. (The 

nomenclature is in such confusion that it is quite impossible 
to be certain whether these synonyms are correct) : — 

(a) Myzomia funesta (Giles, 1900) ; Anopheles kumassii Chalmers, 1900. 

(b) Myzomia fovmoscBnsis : — 

1. Anopheles Constance Laveran, Madagascar. 

2. Anopheles jamesi Theobald, India. 

3. Anopheles jeporensis James, India. 

4. Anopheles kochii D6nitz, Malaysia. 

5. Anopheles mauritianus Grandpr^, Mauritius. 

6. Anopheles paludis Theobald, West Africa. 

(c) Stethomyia atkeni : — 

Anopheles vincenti Laveran, Tonkin. 

(d) Myzomia listoni : — 

Anopheles cohcssus, Doune Japan. 

IV. Probably not carriers: — 

(a) Myzorhynchus harbirostris Van der Walp, India, Ceylon, Malaysia, 

e Myzomia rossi Giles, India, Ceylon, China. 

Pyreiophorus ser^enti Theobald, Algeria. 

Myzomia sinensis Wiedemann, India, Malaysia, China. 

V. Said to be a carrier, but reason unknown to us: — 

Cycloleppteron grabbami Theobald. West Indies, South America. 
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An infective mosquito, when biting a man, injects the salivary 
sporozoites into his blood and gives him the infection. 

When a mosquito bites a suitable human carrier it receives the 
macrogametocytes and microgametocytes, which enable the para- 
sites to undergo sexual development in its body. 

The scheme is: — 


Malaria. 


Parasites. 

Definitive 

Hosts. 

Definitive 

Reservoir. 

Infection. 

Inter- 

mediate 

Host. 

Inter- 

mediate 

Reser- 

voir. 

Trans- 

mission. 

Plasmodium 

malaricB, 

Plasmodium 

vivax, 

Laverania 

malaria. 

Anopheline 

mosquitoes. 

1 

Unknown. 

Salivary 

sporo- 

zoites. 

i 

! 

Inocula- 

tive. 

1 

Man. 

Human 

carriers. 

Macrogame- 
tocytes and 
microgame- 
tocytes 
! from blood. 

Ingestive. 

1 


B. HELMINTHIASIS. 

Trematode Infections. — The trematode infections of man have as 
their intermediate host a mollusc. The definitive host is a verte- 
brate, from whom the eggs escape in the urine, the faeces, or the 
respiratory secretions. These eggs hatch in water, producing a 
ciliated, actively swimming miracidium, which will enter and 
develop in some definite genus of mollusc. Chalmers and Pekkola, 
watching the miracidia of schistosoma, noted that they rapidly 
entered the known susceptible molluscs, rejecting other genera. 

It would appear that the mollusc is liable to disease and death 
if too heavily infected. 

It is therefore necessary to note the classification and method 
of recognition of the known carriers. 

PHYLUM MOLLUSCA Cuvier. 

Synonyms. — Palliata Latreille; Malacozoa de Blainville. 

Definition. — Metazoa with no sign f f primitive segmentation, with well- 
developed distinct coelom (gonad and pericardial), enteron, and haemocoel, 
with (or has lost) a radular sac, with peri oesophageal ring; dorsal moiety is 
the cerebral commissure, and the ventral the labial commissure; and with a 
dorsal and a ventral nerve trunk. Body wall differentiated into an antero- 
dorsal, cephalic portion, with the sense organs, a postero-dorsal, the pallium 
or mantle, which secretes externally a calcified cuticle, the shell, and develops 
the ctenidia, or respiratory organs, on its lower surface, and a ventral portion, 
the foot, or organ of locomotion. A veliger, or free trochospere larva, is nearly 
always present. 

Classification. — The phylum so defined is divided into three grades as 
follows : — 
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A. Gonadial and reno-pericardial cavities communicate — Isopleura, 

Siphonopoda. , . . , » 

B. Gonadial and reno-pericardial cavities separate — Prorhtptdoglossa- 
ntorpha. 

The Isopleura contains the ‘ Chitons*, and the Siphonopoda the Copha- 
lopods, with which we are not concerned. 

Grade Prorhipidoglossomorpha Grobben. 

Definition. — Mollusca in which the gonadial and reno-pericardial cavities 
are sei)arate, the foot is wholly posterior to the head, and a visceral commissure 
is present. 

Classification. — The Prorhipidoglossomorpha are divided into three classes 
as follows: — 

A. Body bilaterally symmetrical : — 

I. Mantle united ventrally to form a tube. No ctenidia — Class I., 
Scaphopoda Bronn. 

II. Mantle not so united; ctenidia present — Class II., Lamellibranchia 
de Blainville. 

B. Body asymmetrical — Class III., Gastropoda Cuvier. 

We arc only concerned with the third class. 

Class Gastropoda Cuvier. 

Definition.~Prorlupidoglossomorpha with asymmetiical organization, with 
well-developed head, with shell formed in one piece and spirally coiled, at 
least in the larva. 

Classification. — The class may be divided into two subclasses 

A. Visceral commissure twisted into a figure of eight mostly dioecious — 

Streptoneura. 

B. Visceral commissure not so twisted, with shortened visceral com- 

missurt^ monoecious — Euthyneura. 

Subclass I.: Streptoneura Spengel. 

Definition. — Gastropoda, dioecious, with a few aberrant genera; maximum 
torsion of visceral mass and commissure. Head with only one pair of ten- 
tacles. 

Classification. — The Streptoneura are divided into two orders: — 

A. Nervous system not concentrated, infraoesophageal commissure 

present. Ctenidia bipectinate and free at their distal ends — 
A spidobranchia . 

B. Nervous sy.stem somewhat concentrated. Infraoesophageal com- 

missure present. Ctenidium monopectinate and attached to 
mantle along its whole length — Pectinibranchia. 

Only the last concerns us. 

Order Pectinibranchia. 

Definition. — Streptoneura as defined above. 

Classification. — The Pectinibranchia are divided into two suborders: — 

A. Without proboscis, pallial siphon, or Leibleim's unpaired oesophageal 

poison gland — Tcenioglossa. 

B. With proboscis, pallial siphon, and Leibleim's poison gland — Steno- 

glossa. 

Only the Taenioglossa are of importance to us. 

Suborder Taenioglossa. 

Definition. — Pectinibrancliia with the characters given above, with three 
teeth, one lateral and two marginals, on each side of the median tooth of the 
radula. 
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Classification. — There are two tribes; — 

A. Creeping forms, with foot flattened ventrally — Platypoda, 

B. Free-swimming forms, with foot flattened Idit^rdWy—Heteyopoda. 

We are concerned with the Platypoda. 

Tribe Platypoda. 

Definition. — Ta^nioglossa with the characters given above. 

Classification. — 1 here are some fifty-five families, of wliich we are interested 
in the Melaniidse only. 

Family Melaniidse Gray. 

Definition. — Platypoda with spiral shell and elongated spire. 
Operculum horny. Foot short. Mantle border fringed. Vivi- 
parous. Fluviatile. 

Glassification. — Several genera. 

A. Shell long: — 

I. Shell turriculated, aperture enlarged anteriorly — 
Melania. 

II. Spiral very long, aperture notched anteriorly — Faumts. 

B. Shell short, thick, and aperture rounded — Other genera. 

Melania Lamarck. 

Synonyms.— T/Wam Mergele:PtTg7//a Crist. 

Definition. — Mclaniidae witli turreted sluP, acute ap('X, whorls 
ornamented with stride or spires; aperture 
oval, pointed above ; outer lip sharp, 
sinuous. Operculum sub.spiral. 

Type Species. — Melania haslula Leach. 

Remarks. — Some 400 or more species 
distributed throughout Southern Euro})e, 

India, the Philippines, Japan, and the 

Pacific Islands. Distinct groups in the con tortus (p. 893). 
Southern United States. 

According to Nakagawa, Melania ohliquogranosa Smitli and A/* 
lihertina Gould are intermediate hosts of Paragonimus ringeri 
Cobbold, but Kobayashi believes that the cercariae seen by Naka- 
gawa in these molluscs are not those of P. ringeri. 

Blandfordia Adams, 1863. 

Definition. — Melaniidae with ovate conical 
shell, apex truncated. Aperture elliptical, 
peristome -continuous, operculum subspiral. 
Rostrum elongated. Tentacles very short, 
eyes sessile. Foot large; divided into two 
parts by a transverse sulcus. 

Type. — Blandfordia striaiula Menke. 

Other Species. — B. bensoni Adams; B. japo- 
nica Adams; B. pyrrhostona Cox; B. viri- 
descens Carpenter. 

We are only concerned withP. japonica, which is the carrier of 
Schistosomum japoniciim. 



Fig. 465 . — Blandfordia 
japonica Adams, 
1861. The Carrier 
OF Schistosoma 
Japonicum. 
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Subclass II.: Euthyneura Spengel. 

Synonym. — Platymalahia von Jhering. 

Deflniiion. — Gastropoda monoecms with radula possessing uniform teeth 
on each side of the median tooth. Head usually with two pairs of tentacles. 
Detorsion of organization when adult. 

Classification. — 

A. Marine forms with aquatic respiration — Opisthohranchiata. 

B. Aerial or fresh-water (exceptionally marine) forms, with pallial cavity, 

but no ctenidium. No free larval form — Pulmonata. 

Order Pulmonata Cuvier. 

This order is divided into two suborders : — 

A. Aquatic forms, with a single pair of tentacles — Basommatophora. 

B. Terrestrial forms, with two pairs of tentacles — Stylommatophora. 

Suborder Basommatophora. 

Definition. — Pulmonata with an external shell and a single pair of welJ> 
developed contractile but not invaginable tentacles, at the bases of which lie 
the eyes. 

Classification. — There are some eleven families, but only the following 
concern us: — 

A. Shell thin, dextral; no inferior pallial lobe — LimncsidcB, 

B. Shell sinistral; inferior pallial lobe prominent — Planorbida, 


Family LimnsBidsc Broderip. 

Definition. — Basommatophora with shell thin, horn coloured, and capable 
of retaining the whole animal when retracted. Aperture single; lip sharp, 
No inferior pallial lobes. Tentacles angular and flat. 

Remarks. —These molluscs are found in fresh water all over the world. 

Type Genus — Limncsa Lamarck. 

Genus Limnma Lamarck. 

Definition. — Limnaeidae with spiral shell, more or less elongated, thin pointed 
spire translucent; body whorl large; aperture rounded; columella obliquely 
twisted. 

Type Species. — Limncea stagnalis Linnaeus. 

Other Species. — The hosts of Fasciola hepatica are : — L. truncatula Muller, 
Europe, Asia, Africa; L. ouhonensis, Eyd, Sandwich Isles; L. viator, 
D’Orbigny, South America; L. humilis, Say, North America. 


Family Planorbidm Adams. 

Definition. — Basommatophora with sinistrally coiled shell. In- 
ferior pallial lobe very prominent, transformed into a branchia; 
tentacles tapering. 

Classification. — 

A. Shell discoid, branchia not folded — Planorhis, 

B. Shell ovoid, with prominent spire. Branchia not folded — 

Bulinus, 
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Genus Planorbis Guettard. 

Definition. — As above. Shell discoidal, dextral, many whorled; 
aperture crescentic. Peristome thin, incomplete; upper margin 
projects. 

Type. — Planorbis corneus Linnaeus. 

Planorbis boissyi Potiez and Michaud, 1838. 

Synonym. — P, laurenti Bourguignat. 

Remarks. — This is the intermediate host of Schistosoma mansoni 
in Egypt and the Sudan, at^ discovered by Leiper. 

Planorbis olivaceus Spix. 

This is the carrier of S. mansoni in Brazil. 




Fig. 466 . — Planorbis olivaceus. The Carrier of Schistosoma mansoni 

IN Brazil. 

Genus Bulinus Adamson. 

Synonyms. — Naufa Leach ; Aplexa Fleming. Often sptliBullinus. 

Definition. — Planorbidae with ovoid shell, prominent spire, 
branchia folded. 

Type. — Bulinus hypnorum Linnaeus. 

Classification. — The species of importance to us sue:— Bulinus 
contortus M.ic\\di\xd, 1829; Bulinus dyhowski 1891; Bulinus 

alexandrina Innes; Bulinus innesi Bourguignat. 

The above are the hosts of Schistosoma hcBmatohium in Egypt. 




Fig, 467 .- — Physa (Physopsis) africanus Krauss. A Carrier of 
Schistosoma HcBmatohium. 
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Family Physidse Dali. 

Definition. — Basommatophora with visceral mass and shell 
sinistrally coiled. Shell thin, with a narrow aperture; tentacles 
cylindrical. No inferior pallia! lobe. 

Type Genus. — Physa Draparnaud. 

Remarks.-— is distinguished from Physa by the spire 
not being at all exserted, and having the columella truncated at the 
end. 

Phya or Physopsis africanus is the carrier of 5. hcBmatohinm in 
Brazil. 

Trematode Infections. 


Trematode. 

Defmi- 

tive 

Host. 

voir. 

T rans- 
mission. 

Intermediate 

Host. 

Infection. 

Fasciola 

hepatica. 

Man. Sheep. 

Mirachclium 
in water. 

Penetrative. 

Species of 
LimniBa. 

Cercaria encysted 
on weeds. 

Ingestivc. 

Fasciolopsis 

buski. 

Man. 

Pig. 

Miracidia 
in water. 

Shrimps (?). 

(?) 

Ingestive (?). 

Meiagonimui^ 

yokogawai. 

Man, IJn- 

1 known. 

Ditto. 

Melee nia 
libertina. 

Cercaria under 
scales of fish. 

Ingestive. 

Faragonimii^ 
r in gen. 

INI an. Car 

nivora. 

Dillo. 

Ditto. 
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water. 

Penetrative, 
or in crabs 
ingestive. 

Cion orchis 
sinensis. 

Man. Cats, 

Clogs, 

: pigs- 
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Ditto. 

Cercaria encysted 
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Ingestive. 

Schist osomu 
hamatobium . 

Man. 

Man. 

Ditto. 

1 

1 Subgenera 
and species 
of Dulinus. 

Cercaria in water. 

Penetrative. 

Schistosoma 

mansoni. 

Man. 

Man. 

Ditto. 

I 

1 

Species of 
Planorbis. 

Cercaria in water. 

Penetrative. 

Sch'tsiosoma 

japonionm. 

Man. 

j 

Cats. 

Ditto. 

1 

i 

BLandfordia 
nosophora 
vel japonica. 

Cercaria in water. 

Penetrative. 
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Cestode Infections. 

[These are on the same lines as the trematode infections.) 
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Host. 
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Man. 
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Ingestive. 
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Man. 

i 

Man. 

Eggs in 
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i 

Cattle. 
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muscles. 

Ingestive. 

Echinococcus. 

Dog, 

jackal. 

! 

Dog, 

jackal. 

Eggs on 
fur. 

Man, sheep. 

Cysticerci in 
muscles. 

Ingestive. 


C. MYIASIS. 

Myiasis comprises the infestation of the vertebrate body with 
the larvce of diptera, and the disorder's which arise in the body of the 
host therefrom. 

The vertebrate is an intermediate host, because not merely is it 
protective to the fly larva, but in it the larva grows and develops 
until it is about to pupate. 

There is no doubt that this is an advantage to the fly, and that 
this method of protection is in process of evolution. In Chapter 
XXXIII. we have written upon the change in habits of flies, and will 
merely remind the reader that there is ample evidence that within 
quite recent years a scatophilous fly has so changed its habits that 
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Nematode Infections. 

(These are on the same lines as tremaiode and cestode as a ride.) 


Nematode. 

'‘’fH 

iiie ! rj 

^ Host, i 

voir. 

1 

Infection. 

Intermediate. 

Host. 

Transmission. 

h'llaria 

bancrofti. 

1 

Mar. Man. 

- 

Microfilaria 
in blood. 

Ingestive. 

Culex and 
Stegomyia. 

Larvofilaria. 

Penetrative. 

Loa loa. 

Man. Goat (?), 
sheep (?). 

Microfilaria. 

i Ingestive. | 

Species of 
chrysops. 

(?) 

Dracuncutus 

medinensis. 

Man. Man. 

Larvae in : 
water. 

Ingestive. 

Species of 
Cyclops. 

Water. 

Ingestive. 

A scaris 
lumbricoides. 

Man. Pig. 

liggs. 

Ingestive. 

Rats. 

Larvae on food . 

Ingestive. 


it has deposited its larvae on the skin of sheep and become a pro- 
ducer of myiasis thereon. 

Myiasis will form the subject-matter of Chapter LXVII. (p. 1619), 
and here it is only necessary to say that the larvae may be deposited 
in the natural cavities of the body, placed in neglected wounds, live 
in the subcutaneous tissue, or pass through the alimentary canal. 

In this chapter we are merely concerned with the method by 
which the larva reaches man, and it would appear that it is always, 
or nearly always, due to the direct action of the mother fly; but 
there is a curious observation, which is that an intermediary animal 
carrier exists, at all events, in the case of Dermatohia cyaniventris, 
which has been studied by Blanchard, Surcouf, Rincones, Tovar, 
Zepeda, and Sambon. 

According to the last-named observer, D. cyaniventris lives in 
Trinidad and Central and South America, and its young produce 
cutaneous myiasis in man, monkeys (the brown howler and the 
capuchin), pumas, agoutis, cattle, goats, pigs, and birds (the toucan 
and the turkey). 

Man is most liable to be infected while working in the mahogany 
forests of Honduras and Columbia, as many as a hundred maggots 
being found in a single patient. These maggots are called by the 
natives ' mosquito worms,' because they are deposited by a 
culicine mosquito, Janthinosoma lutzi. 
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The history is as follows: — 

The female J . lutzi lays its eggs in water ; these hatch and produce 
the imago, which is then seized by the D. cyaniveniris (according 
to Kudi) , and some eight to eighteen long, pale, yellow eggs are glued 
one after the other to the velvet surface of the gnat’s first second to 
third abdominal segments. 

The eggs are quite ready to hatch, and Sambon says that some 
of them quickly become uncapped, and that the anterior part of tlie 
larva is protruding. The mosquito now goes off to get a meal of 
warm vertebrate blood, and while it is so doing tlie larvae drop out 
of their shells and enter the skin via tiie hole made by the mosc^uito. 
This much is known, but we may well ask whether this happens 
with any other insects. Sambon says that the common house-fly 
spreads the book-scorpion, Chermes modostts, in this way, and says 
that he has seen Pedicidus capitis do the same thing. If this be so, 
then the study of entomology, applied to man and animals, has still 
much work in front of it. 

Restricting our attention to Derniaiohia cyanivcnlrts , tin' chart 
of its carriage is as follows: — 

Dermatobia Myiasis. 
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Pay a site. 

Intermediary 

Hosts. 

1 nfection. 

i 

Inter- 

mediate 
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1 

M^in. 
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blood ed 
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brates. 

L_ 
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escapes 

from 

skin. 

Free 

living. 


D. BACTERIAL DISEASES. 

The spores of bacteria enable them to spread from host to host 
with a degree of protection during the passage, but non-sporing 
forms will be benefilc'd by the aid of a carrier, which not merely 
affords protection, but also a means of dissemination. We will 
divide the discussion into flies, fleas, and lice. 

I. FLIES. 

This ‘ intermediary host ’ is often a non-blood-vSiicking fly of the 
nature of the ‘ common house-fly,' which is a potential carrier of 
disease, because it and its kind frequent decaying matter and 
excreta for the purpose of kiying the eggs, while both it and its 
larvie are hlth feeders. 

If it and its allies only fed upon filth, there would be but little 
harm, but, unfortunately, they are attracted to many articles of 

57 
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human food, cooked and raw, such as milk, meat, butter, sweets, 
etc. ; and the distances within reason to which flies travel is limited 
by the necessities of food and shelter, but they go to the nearest 
place, and if both exist at hand they do not travel. 

Nicholls, working in St. Lucia, has shown that the fly Limosina 
pmiciipcnnis Wiedemann lives and breeds almost exclusively upon 
Imman excrenn'iit, and that it is a carrier oi Bacillus coli communis. 
In Africa Hies loelonging to the gQXiVLsPycnosoma — marginale 
— do the same as do otlier species in India and China. 

'Jd]('S(! flies one and all are great feeders, and are accustomed to 
vonrit frequently, while they pass a considerable amount of excre- 
ment. (iraham Smith records 1,102 vomit marks and nine faecal 
deposits on an area of a cupboard window 6 inches square. 
Bearing this in mind, it can readily be appreciated how well they 
contaminate food and what efficient disseminators of germs they 
may be. 

(iraliam Smith dc'.scribes Local deposits as round, opaque, often 
raistid, spots of a yellowish, brownish, or whitish colour, while vomit 
spots have an opaque centre and a clear periphery bounded by a 
dark(T zone. 

But the body of the fly is thickly clothed with hairs or setae, and 
as it walks over fllth, particles containing bacteria are apt to cling 
to thes(' hairs. 

We th eref(»rc' hav(‘ to consider: — 

A. The extenuil carriage of germs. 

B. The internal carriage of germs. 

Whtli rt'gard to the former, Graham Smith's experiments with 
B. pr()digios7fs show that this bacillus can be cultivaled frtm the 
legs and wings of infected flies for eighteen hours after infection. 
It must be rrmeml)er('d that flies are everlastingly cleaning tlum- 
selves, and it is a mat1(T of common knowledge how the proboscis 
is rubbed by Iho anterior pair of legs, which become contaminated 
therefrom. 

iluaetorc^ the external carriage of germs from filth to food is 
l)ossibl(‘, ju'ovided that it takes place within a relatively short time. 

With regard to the internal carriage, the same observer has shown 
that, though tlnac' is no evidence that B. prodigiosus multiplies 
tluM'('in, it can li\'e in the alimentary canal of flies for four to five 
days. 

I he investigation of the presence of B. typhosus in a fly is most 
difficult, because there are non-lactose fermenters present as normal 
denizens of tfie fly. Faichiiie has shown that it tends to be present 
in the intestine, and not on the legs, but Cochrane's experiments 
show that it may be rc'coveiad from the external washings of flies. 

1 he bacilli so obtained were tested with typhoid serum, and gave 
positi\e reactions, and even by immunizing animals therewith 
and testing the serum so obtained against stock B. typhosus, 
posit i\’e results were obtained. 
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With regard to the spread of B. typhosus and B. paratyphoshs 
A and B via the larva to the fly, the only experinicnts of real 
moment are those of haichnie, who worked with uncultivated 
germs, the flics being bred in infected faeces. He showed that 
this was highly probable, ^ though other workers have failed with 
cultivated material. Faichnic, however, did not say that he 
separated the larvae which had fed upon Ihc excrement therefrom, 
and therefore did not say that he had excluded the possibility of 
the newly hatched flies feeding upon the excrement. Hence the 
subject of the carriage from the larva in the imago is sub jiuiice at 
present. 

Finally, as far as is known, f ies do not suffer in health from the 
carriage of germs pathogenic to man. 

Is the fly, with its non-lactose fermenters, tlie original home of the 
enteric fevers of man ? We iuive not suflicient knowledge at present 
to discuss this subject, but we have said enough to demonstrate its 
importance. 

For epidemiological reasons, supported by bacteriology, it appears 
probable that ‘ epidemic or summer diarrhoea ' is due to Morgan’s 
bacillus spread by flies. 

For epidemiological reasons it seems possible that flies may infect 
food with the germs of the choleras. 

There is no doubt that flies can obtain the tubercle bacillus 
from sputum, keep it alive in the crop for three days, and in tlu^ 
intestine for twelve or more days, and thus can contaminate food 
by the fajces up to the fifth day, and sometimes up to the sixth to 
fourteenth day. 

Anthrax spores remain infective in flies for twenty days, being 
found in the fa'ces, while in dead flies the period is indefinite; 
moreover, they can pass via the larva to the imago. 

At this stage we may point out tliat the infection of wounds 
produced by biting flies may be carried out by the agency of non- 
biting flies. Patton was the first to point out that non-biting flies 
— e.g,, Musca pattoni — suck the blood v/hich exudes from the bites 
made by tabanids, stomoxys, etc. As M. pattoni breeds in bovine 
excrement, the possibility of bacterial infection of the wound is to 
be remembered. 

The possibility of llie Klebs-Loefller bacillus and allied organisms 
being spread by flies must not be forgotten, though there is no 
evidence that this is the usual form c.'’ infection; still, judging from 
a case of conjunctival diphtheria seen in Kheirtoum by Chalmers, 
it is possible that it may occur as the means of infection of unusual 
sites, as Graham Smith has shown that the germ can live in the crop 
and intestine for twenty-four hours and longer, and, further, that 
the vitality may be under -estimated. 

Ophthalmia, for epidemiological reasons, especially the Egyptian 
ophthalmia, is believed to be spread by flies, and Perry and Castel- 
lani have shown that Microneurum funicolum de Meijere, 1905- — 
the eye-fly of Ceylon and Java — is a possible carrier of the Koch- 
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Weeks bacillus and a spreader of the severe forms of ophthalmia; 

found therein. . ■ , r 

Flies can also carry the plague bacillus in living virulent form in 
their alimentary canal for forty-eight hours, but they do not play 
any great part in the dissemination of the disease. 

They also may be regarded with suspicion as spreaders of coccal 
infections, as these germs have been found in their alimentary tract s, 
as well as externally. 

Flies are therefore of great importance as intermediary hosts of 
bacteria, and as such are worthy of study. 


We require to know the house-flies of the tropics, but these are little investi- 
[;ated, though Nicholls at St. Lucia has found the following breeding in huniaii 
f a?ces 

Drosophila melanogaster Meigen. 

Limosina punctipennis Wiedemann. 

Sepsis species. 

Sarcophaga aurifinis W alker. 

Sarcophaga species. 

Sarcophagula species . 

In Africa and the Last generally; — 

Pycnosonia nuivginaJe W iedemann . 

Pycnosouia chloropyga Wiedema,nn. 

In India by Patton ; — 

Musca doniestica Liniueus. 

Miisca doniesiica var. deter uiinaia Walker. 

Alusca nebiilo Pabricius. 

JMiisca paitoni Austen. 


In Ihigland ilic investigation is much more com])letc — c.g.:-- 


.Musca doniesiica Linnajus. 

Musca corvina Pabricius. 
Calliphora eryiiirocephala Meigen. 
C'allLpliora voniiioria Liniueus. 
Liicilia cccscr IJiimeus. 

Pollenia rudis Idibricius. 

Pannia cani ularis Linmeus. 


Paunia scalaris Pabricius. 

A n ihoniyia ra dicii m . 
Sarcophaga carnaria Linnams. 
Sepsis pimciiim Meigen. 
ISophiLa casci Liniueus. 
Scatophaga siercoria Linnauis. 
Drosophila fenestraruni. 


Also Sccuopinu. fcnesiralis and sp(K:ies of Stomoxys and of Psycliodfi; but 
tlu'se two last ]..i\e alrcvidy been described, and now it behoves us to k>ok 
at the chissilicat on and structure of the non-biting flies. 

Wt' liave alri'cidy giNaai the chissification of the Dipt era in Chapter' 
XXXIII., and nec'd only consider tluit of tlie families. 


Family Phoriill. 

Phora fcnioraia occurs occfisionally in houses. Aphiochcela ferruginea 
Brunner causes intestinal myiasis. 


Family Sci- nopiki ilp . 

Scenopinus fenestvalis Liniueus is the so-called window fly, which is prob- 
ably the only household fly wliicli is not injurious to health. 
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Family Empidte. 

Orthorrhapha hvachycera with medium or small bodies and small heads. 
Anlennai with the first two joints very small and hardly distinct, the third 
joint annulated, often with terminal bristle. Wings with three large complete 
basal cells, of which the third is shorter than the second. The posterior basal 
Iransversc vein is parallel to the border of the wing. Empodium membrana- 
ceous. 

It is doubtful whether these insects attack man. As a rule they live on the 
juices of other insects and plants. 

SUBORDER II. CYCLORRHAPHA. 

Section 1: Aschiza. — This group includes the family Syrphidse, 
of wliicli no species is known to bite man. 

Section 2: Schizophora. — This group includes the true flies 
characterized by a distinct frontal lunula and a frontal suture; 
aiiUain^e witli thrc'o simple segments, and an arista which is generally 
dorsal, d'hey may be classified into — 

Muscoidea. 

Synonym, — Eumyidca. 

'This super family is di\dd(‘d into: — 

Tribe i: Mnscoidca acalyplratcv, witliout sciuanue covering the 
halteres. 

1'kibe 2: Muscoidea calypiralcc, witli squaiUcT covering the 
halteres. 

MUSCOIDEA ACALYPTRAT/E. 

A large number of families are grouped togetlier under this 
division, of which the most important for our ])urposes are — 

1. Sepsidae. 

2. Oscinidae. 

3. Drosophilidie. 

4. B orb or idee. 

These families can be recognized as follows: — 

A. Subcostal (auxiliary) vein present. Radial i (first longi- 

tudinal) terminates near or beyond the middle of the 
wing. 

I. With a distinct bristle on each side of the face near the 
oral margin. 

Front never bristly near antemice; abdomen some- 
what elongate, cylindrical, usually narrowed near 
base. Small black flics found about decaying 
matter — Sepsidcs. 

B. Subcostal vein absent, vestigial, or incomplete. Radial i 

usually ends in the costa before the middle of the 
wing. Head not produced into lateral processes. 

I. Hind metatarsi incrassate and usually shorter than the 
second joint — Borboridee. 
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II. Hind metatarsi not incrassate and always longer than 
ihc following joint. 

id) Discal and basal cells united; anal cell absent; 
front bare, or at most bristly above; small, 
usually light-coloured flies— 

(h) Discal and second basal cells separated; anal cell 
complete, though small. Scutcllum not elongate 
and triangular, and without spines on margin. 
Oral vibriss^E present. Arista long plumose — 
DrosopJiilidce. 

1 'amtly SiivsmjE. 

Sc^pskhe includes the genus Pioph'ila, of which the species 
J^iuphila casei Linn;eus may cause intestinal myiasis. Sepsis 
violacea is a dung-fly often found in houses. 

Family OsciNiDat Taitreille, 1804. 

Muscoidca acalyptratcu with front witliout bristles; crown with 
only few short bristles; border of mouth without vibrissa?. 
Middle tibia with small spurs; costa of wings without bristles. 
Subcostal vein absent. Anterior of two small basal cells united 
with discal cell; posterior wanting. 

d'lie gcauTa with which we are concerned avt —Micronc'itrum 
Ih'cker, 1903, and Hippelatcs Loew, 1863. 

Microneurum Becker, 1903. 

Microneurum funicola de Meijere, 1905. 

Synony m.—SiphonclI a funicol a deMcAjere, 1905. 

d Ids little tly is the common ' eye-fly ’ of Ceylon and Java, which 
causes gia^at annoyance by hovering in front of the eyes, especially 
wluai reading or writing indoors. 

It is said to suck ])lood, but our experience is quite opposed to 
this. It cldefly attacks the eyelids and the ears, and since the 
ex})eriments ])erformed by Sir Allan Perry and Castellani it has been 
suspected as a possible carrier of the Koch-Weeks bacillus, which 
is the cause of severe attacks of conjunctivitis. It objects to the 
odour of sucli substances as Odol, which may be used to drive it 
away. 

Hippelates Loew, 1863. 

Some, authorities consid(T this genus not well founded, and state 
that a revision of ilie genera of the Oscindiie is urgently required. 

Tlie species Hippdaics jiavipcs Loew, H. plebcjus Loew, and H. 
piisio Loew, attack men and domestic animals by darting at the 
eyes and other parts of tlie body in search of moisture or perspira- 
tion. Tliey also attack wounds, sores, scratches, ulcers. Their 
life-history is unknown. In habits they are diurnal, frequenting 
open and sunny places. They are found in the southern United 
States, in Florida, Alabama, and Texas. Veils can be used as a 
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protection, and eucalyptus oil or a menthol spirit lotion can be 
sprinkled on the coat collar to drive them away. 

Family Drosophilidaj. 

This family includes the species Drosophila ampelophila Loew, 
commonly called the fruit-fly, and found liovering over fruit in 
houses; and as it is attracted by excremeiitum it must be regarded 
as dangerous. There are a large number of species of Drosophila 
known. 

Family BoRiiOKiDyE. 

This family includes Borhorus equinus, a small fly sometimes 
found in houses. 

M U SC O I DE A CALYPTK A'JVt: . 

MuSCINiE. 

Musca Linnaeus, 1761. 

Musca domestica Linmeus, 1761. 

Mtisca : face in its lower part silky yellow; shot with blackish- 
brown. Median stripe black ; antennae brown ; ])alpi black. 

Thorax dusty grey, with four equally broad longitudijial stripes. 



Scutellum grey, with black sides. Wings tinged pale grey with 
yellowish base. Legs blackish-brown. Abdomen y(‘lloYhsh, with 
dorsal blackish-brown line, except the last segment, which is entirely 
blackish-brown. Eyes separated by a wide frontal stripe in the 
female, and near together in the male. Length, 6 to 7 millimetres, 
wing breadth, 13 to 15 millimetres. 



904 THE ANIMAL CARRIERS OF DISEASES 

Remarks.— It has been known for many years that flies can 
carry micro-organisms on their legs. In 1888 Cclli proved that 
flies, fed upon pure cultures of typhoid bacilli, were able to transmit 
virulent bacilli with their excrement. Early observations also 
proved that flies were capable of transmitting cholera. In the 
Spanish-Amcrican War, in the Army Concentration Camps of 1898, 
flics were found to be spreaders of typhoid. Lime was sprinkled 
on the f.ecal jjils, and the flies on the soldiers’ mess-table were 
notic(‘d to have their legs whitened with the lime. 



ric;.. — Head of Musca domestica 

LiNN^US: i^EMALE. 

(Alter C..J. Marlin.) 
ch., P.scMiclo-tracheae. 



Fig. /|7o. — Leg of Musca 
domestica. 

(After C. J. Martin.) 


The flies which breed in human excrement in America arc: 
(i) Musca domestica, housc-lly; (2) Drosophila ampclophila, fruit- 
fly; (3) Fannia canicidaris, little house-fly; (4) 1< . brevis, little 
house-fly; (5) Slomoxys calcitrans, stablc-fl'y; ((>) Phora fenwraia ; 
(7) Sarcophaga irivialis. 

Of these the most common are the house and the stable flics. 
The house-fly is 98 per cent, of all flies infesting houses. 

In the Boer War of 1900-02 flies were held to be great spreaders 
of typhoid. In 1902 a paper, entitled' An Inquiry into the Influence 
of Soil, Fabrics, and Flies in the Dissemination of Enteric Infec- 
tion,’ was published by Firth and Horrocks in iho. British Medical 
Journal, and they showed that the ordinary house-fly {Musca 
domestica) can convey enteric infective matter from excreta or 
polluted materials, or objects on which they may walk, rest, or 
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feed. Such infective matter appears to be attached to their heads 
(mandibles), legs, wings, and bodies. Klein has grown the 
typhoid bacilli from flies caught in an infected area. 

Flies have long been accused of being the spreaders of dysentery, 
and recently this view has been experimentally proved by several 
authors, including one of us. Other diseases, including intestinal 
myiasis, are said to be spread by flies. 

The flies found by Newstead in houses in Liverpool, or bred frorn 
refuse and excreta, were Musca domcsiica in quite go per cent, of 
all flies, while tlie other spo'xies met with were — Calliphora erythro- 
cepJiala, the blow-fly; Scatopha^/a sfercoraria, the dung-fly; Bor- 
horiis cqiiinus, a small fly; Siomoxys calcilrans, the stabh'-fly ; Fannia 
canicularis ; F. scalaris ; Anlhoniyia radimni, the root-fly; F^y- 
cfioda phalcenoidcs, the owl-midge. 

Morphology, — The vertex shows three ocelli, situated on a slightly laised 
ocellar triangle, which is surrounded hy another triangle, the vertical triangle. 

Between the upper a.nd lateral edges of the clypeus (face) and the lower edge 
of the epicraniura can be seen the cn^sceiitic opening of tlie ptilinuin. 



I Labclla- P proboscis; 5 .P., near salivary duct; g., gullet; S, mid-gut; 
' ’ i.’, intestine; C, sucking stomach; T, rectum. 


The proboscis consists of the rostrum, the haiistellum (proboscis proper), 
and the labelhe. The rostrum is a truncated cone containing the pharynx; 
rho trnistellum is erooved anteriorly to contain the labrum, epipharynx, and 
the hypopharynx.^ Posteriorly it is strengthened by a sclerite called the 

‘ theca,’ which distally carries the fork (/wrcfl). • i r 

The labrum and the epipharynx, with the hypopharynx, as is usual, form 
the pharyngeal tube, while the hypopharynx contains the salivary or hypo- 
phaiwngeal tube The labellae are complicated organs with a number of 
channels (pseudo-tracheae) on their distal surface. 

I-irh labella has lobes anterior, middle, and posterior, with respectively 
tweiVe twenty-one, and three channels, which eventually run to the oral 
aperture, which lies at the base of the oral pit. This pit is kept open by two 
discal scleritcs. In the oral pit the pseudo-tracheae cease, and the sides of the 
channels arc covered by overlapping teeth , 

The pro- and meta-thoraces arc much reduced, while the mesothorax is well 
dcieToped, and shows a typical structure. The venat on of ^ 

briefly described by saying that the costa and ‘ 

the uLal costal and first costal col s are present. Radius / 
costal cell; R. 2 and 3 the first radial, and R. 4 and 6 the third radial, while 
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media i and 2 bound the radial and fifth radial cells, which are separated by 
the radio-median nerve. Median 3 and cubitus i cut off the median and 
second median cells, wliich are separated by the medio-cubital vein. The 
anal vein is incomplete, and therefore does not separate the cubital and anal 
cells. 

The abdomen consists of eight segments in the male, and nine in the female. 
The first segment in both sexes is rudimentary, and fused with the second. 
The second, third, fourlli, and fifth are well developed. The sixth, seventh, 
and eighth in the male are atrophied, and surround the anal and genital 
orifiC(!S. The sixth, seventh, eighth, and ninth in the female form the long 
ovipositor, which can l>e retracted into the abdomen. 

The pliaryngeal tube mentioned above ends in the pharynx, which has a 
chitinous wall, the fulcrum. The oesophagus runs into the thorax, where it 
opens into the proventriculus, and sends a long duct to the trilobed crop which 
lies in the abdomen. The proventriculus is really a valve which leads to the 
chylific ventricle. This tube is narrow in front and wide behind, and much 
coiled. At the; junction with the Malpighian tubes it becomes the intestine, 
which runs to ihe rectum. There are the four usual rectal glands. 

The salivary glands are two long tubes whose ducts unite in the head and 
open into th(‘ Sedivary duct of the hypopharynx. The labial glands lie in the 
I)rohoscis at the base of the labelhe, and by tlufir secretion keep the tip moist. 

Ihe reproductive organs consist in the female of ovaries, spermathecae, 
accessory glands and ducts, and the ovipositor. In the male they consist of 
testes, vasa deferentia, an ejaculatory duct, and penis. 

Life-History. — Tliis was first studied by do Geer in 1752-78, 
next by Boiiclic in 1834, Packard, junior, in 1873, and more recently 

by ourselves and a 
number of other people. 
The most recent works 
are those by New stead 
in Liverpool and Hewitt 
in Manchester. 

The house-flies lay 
their eggs by preference 
in human hecal matter 
when somewhat decom- 
posed, in horse-manure, 
goat -manure, cow-dung, 
and in fermenting vege- 
table substance, on 
which the larvae can 
feed when hatched. 

But these grubs can 
eat textile fabrics and 
paper when in need of 
nourishment. Usually 
the fly works its way 
into the rubbish-heap 

or ]0()S(' can II to lay its eggs, but tins is not invariable. 

The time recpiiied for the development to be gone through 
depends the tem])eratur('. of the air, being most rapid from 

22° to 35' C . ; upon the food, being more rapid when animal food 
is available; on moisture, which is most necessary; and upon fer- 
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I'le. yj 72.- - Kgg, Lakva, and Pupa of 
.Mi(sra donicstica. 

(After C. J. Marlin.) 
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mentation, which is also necessary. The egg takes from one to three 
days to hatch into the larva, which lives rather less than a week, 
and then turns into the pupa, which produces the imago. 

The whole time required is usually twelve to twenty days, and 
never less than eight days. 

Aldridge gives the following table for India : — 


Stage. 

Eggs 

Larvae 

Pupae 


Hot weather. 
One day 
Five days 
Three days 


Cold weatlier. 

Two days. 
FouiTecn Jays. 
Five days. 


In Colombo, Ceylon, wt^ found the development to be quick, and 
to resemble the times given in Aldridge's hot -weather table. 

Egg. — The imago becomes sexually mature in ten to fourteen days, 
and eggs are laid as soon as the fourth day after fertilization, usually 
120 to 150 eggs laid being in a batch. The egg is cylindrically oval, 
being broader posteriorly, and has two curved ribs along its dorsal 
aspect. Ithatchesby sfilittingatthedorsalportionofthcanteriorend. 

Larva, — The larval life is divided into periods or instars by the 
eedyses. 

First Insiar . — The larva is 2 millimetres in length, with a slender 
body, the head being at the narrow end, with a spiny area on the 
anterior ventral edge of each segment, and posteriorly two stigmatal 
openings. This stage lasts twenty-four to thirty-six hours. 

Second Instar . — The larva develops a pair of anterior spiracles. 
This stage lasts twenty-four hours. 

Third Instar . — The larva eats vigorously for the first two days, 
and then, ceasing to feed, still increases in size. This stage lasts 
three to four days, and ends in pupation. The larva has a well- 
developed alimentary canal. 

Pupation.— Pupation takes place in three to four hours, and 
consists of the larva contracting (especially anteriorly) inside its 
own skin, from which a puparium with rounded ends is formed. 
Length about 6-3 millimetres, which is at first creamy-yellow, but 
later becomes dark brown. This is a typical coarctatc pupa, 
around which the spiral locomotory pads may be seen. 

Pupa. — The pupal stage lasts about three to five days, when the 
imago, dilating its frontal sac, ruptures the anterior end into dorsal 
and ventral portions, the whole separating by a circular split at the 
sixth segment. 

Fly, — Xhc young fly is at first underground or in the middle of a 
rubbish-heap, through the interstices of which it makes its way to 
the surface by the aid of its ptilinum or frontal sac. When first 
hatched it is rather grey in colour, and has to allow its wings to 
dry before it is able to fly. 

Habits. — After hatching the fly sets about to obtain food, and 
on this point it is not particular as to the kind, as anything, from 
typhoid fecces and dysenteric faeces to a pudding, arc quite agreeable 
to its oral lobes. It also has a liking for human sweat, much to the 
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annoyance of a person desiring a rest on a tropical afternoon. It 
works all day, but rests at night in any place which is dark. It is 
not known wlietlier it has a particular preference for the spots on 
which to dchecatc'. as fly-specks are abundant. It is believed to 
dehecate about fifty times in twenty-four hours. A number of 
experiments liavc' l)een ])erformed to see how far Musca domestica 
can fly, but they are not satisfactory. It is believed that a female 
fly becomes sexually mature and deposits ova in ten days after 
h'aving tin' pu])al case, that she lays four batches of eggs at intervals 
of ten lo fourteen days, and that then she di('S, but these figures 
must be re^^eived with great caution. Jephson believes that the 
limit of life of an adult fly is three weeks, but a hibernating or 
jest ivai ing fly must liv(^ much longer. Indeed, a fly has been known 
to live sixteen weeks. 

Enemies. -The enemies of the house-fly are numerous, and 

include fungi (c.g., Empusa mu^cce), protozoa (?), nematode worms 
(?), mites (/'.c., kirv.'e of Tromhidium mmcarum Riley, T. mnsccB 
Oudema.ns, tin' genus Pigmeophorits, nymphs of Tyroglyphns) , 
sj:)iders, pscudo-S('orpions, centipedes, larva? of bc(*tles, ants, wasps; 
also members of Cynipidu', insc'cts whicli produce galls on plants 
(c.g., y"/g?7c.s anUiomyiarum and F. scuicUaris attack the maggots, 
whih‘ Spalanf^ia mper of the Pteromalida^ lays its eggs in the pupiv) ; 
and Slcmmiahis Dinscarum is also a pupal parasite, as is Nasonia 
hrcvicornis, racliycrepoidcus duhius, and Aluscidifurax raptor. 
Toads, liziirds, and rats are expead fly-catchers. 

Pathogenicity. — It is a carrier of the bacilli of enteric fever, 
dysentery, choh'ra, infantile diarrluva, framlxesia tropica, anthrax, 
tuberculosis, o])ht halmia,, oriental sore, and ])arasitic worms (c.g., 
A scar is Iumtn'icoidcs) 

Calliphora Txobincan-Dcsvoidy, 1830. 

These are the blow-flies or bliieboilles, of which C. crythroccphala Meigen is 
the common species. 

Enttric Fkvrrs. 


Orgdnisni. 

Ill fa led 
\ Ilosi. 

1)1 fated • 
Rcseyvoi)'. j 

Trajis- 

niissio)i. 

Pyoteciive 

Host. 

/ nfccUon . 

liacilliis 

typhosus. 

Man. 

Man. 

'Pyphoid 

carricM's. 

J'acilliin 
m ine and 
f.Teces. 

I ng(^stive. 

I'lies. 

1 

Itaeilli on to 
Iniman food. 

Contaminative. 


2. FLEAS. 

These insects have been accused of spreading leprosy and tuber- 
culosis, but only one bacterial disease of man has really been proved 
to be carried by them, and this is the plague. 
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The Plague. Tlie aetiology of ])laguc has been placed on a sure 
footing by the labours of Kitasato, Yersin, Cantlie, Simpson, 
Ihompson, Kollc, Martini, and the Special Committee already 
mentioned, together with the Second Indian Commission. 

It is caused by the Bacdllus pcsHs of Kitasato and Yersin, which 
is found in the fluid of the initial cutaneous vesicle, the buboes, the 
spleen, tlie blood, and the sputum in cases of pneumonia. When 
inoculated into monkeys, cats, rats, guinea-pigs, squirrels, mon- 
gooses, bats, jerboas, etc., it causes the typical disease, while in 
bovincs and equines it only causes local reactions. Canines, birds, 
and reptiles appear to be immune. It cause's a natural e])izodtic in 
rats, which a])parently is the true disease, from wdiich that of man 



Fig. 473. — Rat Flea. 


must lie looke'd upon as an offshoot. In rats it ])roduces eitlier as 
acute or a chronic attack, the post-mortem appearances of which 
are different. 

In the acute type a bubo is found in 85 per cent, of infected rats, 
being present usually in the neck or axilla. If the bubo is absent, 
a plague rat can be recognized by the subcutaneous congestion, tlie 
purplish-red appearance of tiie muscles, the waxy, mottled, or 
finely granular appearance of the liver, the hcTinorrhages, and the 
pleural effusions. The diagnosis can be confirmed by finding the 
bacilli in the bubo, the spleen, or the blood. 

The chronic type of the disease consists of encapsuled caseous 
foci, or abscesses containing bacilli, and found in tin' spleen and 
other organs. This form plays no part in the spread of the disease. 

The epizootic does not continue with equal virulence all the year 
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round, for it appears to be profoundly altered by the temperature, 
being diminished in the hot weather of the tropics and the cold 
weather of the Temperate Zone. Thus in Bombay the Plague 
Commission found 1,766 plague-infected rats in one week in the 
season December to May, and only 20 to 30 in the season June to 
November. The cause of this variation has already been given. 

But all rats arc not equally infected, for it was found in Bombay 
that there were two principal species, Epimys norvegicus and E, 
rattus, and that during the epizootic period no less than 1,334 of the 
1,766 belonged to the former species, while in the non-epizootic 
period it alone carried on the disease. The reason assigned for this 
difference was that the numbers of the flea population of the two 
rats were very different, E. norvegicus possessing about double the 
number of E. rattus. Further, it was noticed that the curve of 
E. norvegicus infection began to rise about ten days before that 
of E. rattus, which points to the origin of the infection of the latter 
from the former in the first instance. 

E. norvegicus, which is not nearly so numerous in Bombay as 
E. rattus, lives outside houses, for the most part in sewers, drains, 
and stables, and has a great facility for burrowing, and is a good 
climber. It, however, has never been found above the third floor 
of a house. It forms its nest in one of its burrows, and breeds all 
tlie year round, but has two special seasons, one in March and one 
from June to October, the average family being eight. 

E. rattus is more common in Bombay than E. norvegicus, especially 
in houses, where it increases, relatively to the other, up to the third 
floor, but above that level it alone infects the house. It is not so 
common in gullies, compounds, stables, go-downs, and food and tea 
shops as E. norvegicus. The common meeting-ground of the two 
species appears to be the lower floors of houses, gullies, and go- 
downs. Though a domesticated rat, it can climb and burrow. It 
forms its nest in cupboards, heaps of firewood, etc., and breeds 
all the year round, but especially from June to October, the average 
family being five. 

The spread of the plague from E. norvegicus to E. rattus, accord- 
ing to the experiments of the Commission, is neither by direct con- 
tact nor by air, soil, or food, but solely by the flea. Contact was 
excluded by placing healthy rats in the same room with plague- 
infected animals from which the fleas had been removed, when it 
was found that none of them developed plague. The experiment 
was kept up for a long time, replacing dead infected rats with 
frcslily infected rats, and, further, the room was never cleaned out, 
so that the healthy animals lived in contact with the infected 
urine and heccs, and even ate food polluted therewith, and yet not 
one contracted plague, thus excluding transmission by contact, soil, 
and food. 

Again, when healthy animals were suspended in cages 2 feet 
from the ground, so that the fleas could not get to them, or placed 
on the ground, and surrounded by 6 inches of tangle-foot, over 
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which a flea cannot pass, as it is said to be incapable of jumping 
more than 4 inches, or surrounded by ei curtain of wire gauze so 
fine that a flea could not penetrate it, and exposed to infection, 
they escaped, though others not so protected became infected, thus 
disproving aerial infection. Further, the transmission by the rat- 
flea was proved by constructing a glass l)ox, insider wliicii two wire 
cages were placed at a little distance, but side by sidv, each standing 
in a tray filled with sand. Jiacli cage iiad a lid, through whicli rats, 
food, water, etc., could be introduced, and the whole apparatus 
was covered in witli fine muslin tu prevent the escaixi of tlie fleas. 
A plague-infected rat and a number of rat -fleas were placed in one 
cage. When this rat died, a healthy rat was placed in the otlier 
cage, and after some time the dead body of tlie infected rat was 
removed, when it was found that tlie new rat became infect ed with 
plague, and fleas containing plague bacilli were found ujioit it. 
This experiment was repeated many times, 45 per cent, of tlie 
exposed rats taking the disease. F'urtlier, fleas infected by biting 
plague rats, when placed upon healthy rats, produced the disease in 
55 per cent, of the experiments. 

The Commission calculated that the blood of an ordinary plague 
rat in two-thirds of the cases contains more than io(),()()(),oo() bacilli 
per cubic centimetre, and that a flea's stomach could hold 0*5 cubic 
millimetre of blood. Therefore, when the flea gorged itself on the 
average plague-stricken rat it received at least 5,000 bacilli. These 
bacilli are found only in the stomach and in the alimentary canal 
posterior to that viscus, especially the rectum, and escape from the 
flea solely with the faeces. It was proved, liowever, that the bacilli 
multiplied in the body of the flea by allowing infected fleas to feed 
solely on uninfected rats, a fresh one being supplied each day, when 
abundant bacilli were found up to the twelfth, and once to the 
twentieth day, tlius proving that multiplication must have taken 
place, otherwise the original number of bacilli would have become 
much diluted by the feeds with fresh blood. Further, it was dis- 
covered that the i^roportion of fleas in whose stomach multiplication 
took place was six times greater in the (epidemic than in the non- 
epidemic season. In the former season tlie bacilli could be found 
easily up to the fourth and even to the twelfth day, while in the 
latter never after the seventh day. Infected fleas were found to 
transmit the disease for seven to fifteen days. 

The method of infection probably is in one of two ways — cither 
ficcal pollution of the proboscis, or else Fecal pollution of the wound 
made by the proboscis, which was found quite large enough for the 
purpose of introducing the bacilli into the skin. T 3 oth males and 
females can transmit the disease, but it was found that one infected 
flea alone was unlikely to do so. The flea most commonly found 
on rats, and the one by which the infection in these experiments 
was usually spread, wiis Xcnopsylla cheopis, but others — c.^^.yCcrato- 
phyllus fasciatus and Fulex irritans — ^were found also capable of 
causing the disease. 



‘THE ANIMAL CARRIERS OF DISEASES 

Bacot and Martin liave proved the inoculative method of infection 
in Ceratophyllus fasciatus, whicli, when blood-sucking, injects the 
bacilli, when they are present in its stomach in such numbers as 
to cause temporary obstruction at the entiance to that organ. 

With regard to the spread of the disease to man, the Commission 
believes that the infeclion generally comes from Epimys railm, 
because tJie lialiits of that rodent bring it into close relationship 
with man, and because the curve of its cpi^^odtic bf'gins to lise ten 
to fourteen days before that of the epidemic. This period is calcu- 
lated to be made up of three days, during which the flea leaves 
the dead rat, to which is added another tliree days, which is the 
incubation period of plague in man, and five and a half days, which 
is the average duration of the fatal illness in man. 

Xcnop^ylLci c/icopis appears to be the flea by which plague is 
spread fr oin Epini ys r alius t o man. 1 his rat -flea will not mer ely bit e 
man when it cannot get rat’s blood, but is capable of living for 
three to four weeks on man’s blood, and is often found on human 
beings after inspection of plague-strickiai houses. 

Further, it is believc^d that the spread of plague is due, not to 
migration of rats, but to the carriage of infected rats oiv ships, and 
of fleas in mercliandise or on human beings. Ihe Commission 
apparently consider the last to be the most important method. 

Pneumonic plague, whicli occurs only in 2-5 per cent, of cases 
during bubonic ('jiidemics, spreads from man to man by bacilli 
carried by tlu‘ air, foi' Strong and 'I'eague demonstrated that the 
sputum in invisibh' drojilets containing viable plague bacilli was 
frequently to be found in the air near a iiatieiit. Teague and Barber 
have shown that the line droplets of siiiitum disappear very quickly 
unless tluT(i is a. considiaable amount of aqueous vapour in the 
atmos2)liere, as is found in very cold climatt^s, and hence the ten- 
dency for jnieumonic plague to spread in those* rather than in warm 
climates. On the otln'r hand, the bubonic or septicaunic is not 
spread from man to man, but from rats to man. the epizootic 
is the real disease, and the eqiidemic is only an offshoot. 

The above atiology ex])lains fully the predisposing causes of sex, 
women staying more in the house tliannu'n; of house, of season, of 
climate, and also the carriage of the disease from one place to 
another by peo])le, fodder, grain, bales of cotton and clothing, 
rags, etc. 

Verjbitski in iqocS showed that bugs could act as carriers of the 
bacilli, and this has been confirmed by Jordansky and Kladnitsky, 
while Walker co\\^\<\vV's('linocori$rotiindaUiS to be one of the carriers 
of plague in India, having found 22 i)er cent, infected with/), peslis 
when collected from infected native huts. Moreover, he successfully 
transmitted the disease from man to the rat by means of C. roUm- 
datus. 

In California, Wherry, McCay, and others have shown that the 
ground-squirrel {Ciiellns hccchcyi) is subject to plague, and that its 
commonest flea, Ceruiophylhis anitiis Baker, is the vector from 
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squirrel to squirrel, and, further, that this flea will bite man 
Further, they record a subacute case of plague in a boy where the 
infection was believed to be acquired by contact with ground 
squirrels. With regard to the outbreak in Manchuria and North 
China, Gray suggested that it started among men who handled the 
tarbagan (Avctomys Schreb), which is susceptible to epizootic 
plague, and that these men on returning to their homes introduced 
the disease into three provinces, as pneumonic and scpticsemic 
plague, while it was spread by the agency of the breath and personal 
contact of clothes and belongings by coolies travelling in parties 
and sleeping together in overcrowded insanitary inns, especially 
as the cold of the winter induced an indoor existence. These 
travelling parties infected adult males who stayed at the inns or 
were travelling, and so it spread to the ordinary population. No 
infected rats could be found, in 20,000 examined, while isolation of 
the patients and their contacts, together with efficient disinfection, 
were sufficient to diminish the death-rate. Further researches, 
however, tended to show that, though the tarbagan suffers at times 
from plague, the epizootic is not extensive, and its direct relationship 
to human plague negligible. The pneumonic form of plague may 
be in epidemics, especially in cold weather, but it is also to be noted 
that, although it starts from association with an epizootic, it tends 
to die out without being succeeded by a bubonic outbreak, but it 
may infect rats and so cause a bubonic outbreak. The marmot 
(Spermophilus cUelhts), whicli is common around Mukden, was sus- 
ceptible to the infection. There has been an epizootic in Suffolk, 
and a few cases of bubonic plague in man. 

We therefore have to consider tln^ roh' of the flea and the role of 
the vertebrate in plague, and with la'gard to the latter there does 
appear t o be some such sequence as this : — The enzootic, the epizootic ; 
and these become in man : — -The endemic, the epidemic, the pandemic. 

The fleas we have described in Chapter XXXIV. (p. 857), but it 
is necessary to say a few words with regard to the rats. 


CLASS MAMMALIA. 

SUBCLASS EUTHERIA. 

Okdkk Clirjcs Linna:us, 1758. 

Definition. — Eutheria with toes armed with claws. Size usually small or 
medium. Front teeth chisel-shaped and separated from the grinding teeth 
by a wide space. 

Classifieation. — This classification is taken from Swenk: — 

A. Upper front teeth two, both large (suborder Simplicidentata) . 

I. Fur not sprinkled with quills. 

{a) Tail very broad, flat, scaled; hind feet webbed; size large— 
CasioridcB. 

(b) Tail round or compressed; hind feet not webbed; size small to 
medium. 


58 
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1. Fore feet modified for digging, their claws very large; eyes 
and ears very small; form stout and short; large external 
cheek pouches — GeomyidcB. 

2. P'ore feet not modified for digging; their claws normal; eyes 
and ears generally large; form slender. 

(a) Grinding teeth at least four in each jaw; tail long- 
haired, generally bushy, not scaled — SciufidcB. 

(b) Grinding teeth not more than three in each jaw, or if 
four (Perognathus and Zapus) ; the tail closely haired, 
sometimes scaly. 

(c) With large external cheek pouches — HeteromyidcB, 

(d) Without external cheek pouches; — 

(1) Hind feet not greatly elongated, little if any longer 
than front feet ; tail not longer than rest of body 
— Muridcs. 

(2) Hind feet greatly elongated, much longer than 
front feet; tail much longer than rest of body — 
— Zapodidis. 

H. Fuf thickly sprinkled with sharp, stiff, spine-like quills — Erethizontidce . 

B. Upper front teeth four, the second pair minute and placed directly behind 
the first pair; hind legs much longer than front legs; ears very large; 
tail very short (suborder Duplicidentata) — Leporidts. 


Family Sciurii iE Gray, 1821. 

Squirrels and Marmots. 

The genera of the Sduridae, which concern us, may be recognized by the 
following table taken from Swenk: — 

A- Sides without a furred membrane (subfamily SciurincB, true squirrels and 
marmots). 

1 . Tail long, much over one-half of length of body; form slender; 
coloration usually spotted or streaked. 

{a) Cheek pouches absent ; tail bushy, the hairs growing outward ; 
arboreal (squirrels) — Sciurus. 

( 6 ) Cheek pouches present, large; tail well haired, but not bushy; 
mainly terrestrial. 

1. Nail of thumb well developed; back conspicuously striped 

lengthwise with five dark and two or four white 
stripes. 

(a) Premolars in upper jaw one on each side ; back with two 

white stripes; rump rufous; tail with hairs shorter 
than rest of body (eastern cliipmunks) — Tamias. 

(b) Premolars in upper jaw two on each side; back with 

four white stripes; rump greyish; tail with hairs as 
long as rest of body (western chipmunks) — Eutamias. 

2. Nail of thumb rudimentary; back striped lengthwise with 

seven lines alternating with six rows of spots, or irregularly 
and indistinctly spotted with whitish, or plain without 
either distinct spots or streaks (ground squirrels) — Citellus. 
II. Tail short, less than one-half of length of body; form stout; coloration 
always plain. 

{a) Skull highly arched, causing the head to appear convex above ; 
tail very short, flattened; thumb-nail well developed, normal; 
fur short and full (prairie dogs) — Cynomys. 

(b) Skull nearly straight, causing the head to appear fiat above; tail 
short, bushy, not flattened; thumb-nail broad and flat; fur 
long, coarse, and heavy (woodchucks) — Marmotta. 

B, Sides with a densely furred membrane joining front and hind legs (sub- 
family Pteromyinae, flying squirrels) — Sciuropterus. 
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Genus GUellus Oken, i8i6. 

Lichtenstein. 

Type Species — Ct/eWws citellus Linnaeus, 1766. 

We are, however, concerned with C. beecheyi and with M. bobak. 

Citellus beecheyi Richard, 1829. 

Definition. Citellus of large size with large prominent ears. Tail more 
than two-thirds of body-length. Colour above mixed black and pale yellowish 
brown. 

Remarks. — This is the ground squirrel of California mentioned Cbove. 

Genus Marmotta Blumenbach, 1779. 

Synonym. — Arctomys Storr, 1780. 

Definition. — As above. 

Type Species. — -Marmotta marmota Linnaeus, 1758. 

Marmotta bobak Miiller, 1776. 

Definition. — Marmotta of medium size resembling the type, but of uniform 
colour, being above yellowish-brown, overlaid with black. 

Remarks. —This is the tarbagan of Mongolia and Central Asia. 


Family Murit^ Gray, 1821. 

Rats and Mice. 

The genera of the Muridae, which concern us, may be recognized as follows : — ■ 

A. Crowns of grinding teeth, with tubercles arranged in transverse rows. 

I. Rows of tubercles in grinding teeth three, very distinct in upper 
jaw; tail long and scaly. Subfamily Murince (Old World rats 
and mice). 

II. Rows of tubercles in grinding teeth two; tail generally hairy 
Subfamily CricetincB (American rats and mice). 

B. Clowns of grinding teeth divided into raised loops or triangles of 

enamel, not tubercular. 

I. Upper front teeth narrow, compressed, each one thicker than 
wide at base; body not clumsy; tail always long; eyes and 
ears large and prominent. Subfamily NeotomincB (wood rats 
and cave rats) — Naotoma. 

II. Upper front teeth broad, each one wider than thick at base; 
bodyclumsy ; tail short; eyes and cars small and inconspicuous. 
Subfamily Microtince (voles and lemmings). 

Subfamily Murin® Blaird, 1857. 

Definition. — As above. 

Remarks. — The Murinae comprise the genus Epimys Trouessart, 1857, to 
which belong the rats and mice, of which two are of great importance in the 
spread of plague — viz., Epimys rattus and E. norvegicus. 

Genus Epimys Trouessart, 1857. 

Definition. — Murinse with first and second upper molars, with two tubercles 
on inner side. Upper incisors with outer cutting edge entro. 

Epimys rattus Linnaeus, 1758. 

Synonym. — Mus rattus Linnaeus. 

Slender rats with very pointed muzzles and large out-standing ears, large 
prominent eyes, long tail, and greyish-black fur. 
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The tail, which is 25 per cent, longer than the length of the head and body 
together, is brown and regularly annulated. Feet medium-sized, but compara- 
tively long and slender. 

Body variable, 14 to 19 centimetres in length. Colour variable: light 
rufescent, brown on the dorsum, white or grey on the venter, but may be 

darker or lighter. Mammae two to 



hiG. 'Kat: Plague Keservoik. 



biG. 475 - — Head of Epimys 
rattus. 

(After Hossack.) 


three. 

There arc two varieties of this 
rat: alexandrinus, which is larger 
and lieavier; and mfescens, which 
is smaller and redder; but there 
are any number of intermediate 
species. It breeds frequently 
throughout the year. 

it is essentially a house rat, 
living in the tiles or thatch of the 
roof, or in holes and recesses in 
the floor, but it will live in the 
crowns of cocoanut trees. 

Its pathogenicity is important, 
for it is the plague rat of Upper 
India. It is supposed to have 
entered Europe with the Asiatic 
invasion. 

Epimys norvegicus Erxlebcn, 1777, 

Synonym,— Mus decumanm 
Pallas, 1778. 

Large, heavy rats, with heavy, 
unilormly tapering tails; dark 
coloured dorsally, lighter coloured 
ventrally; only 89 per cent, of the 
length of the head and body. 
Heavy, flesh-coloured feet, short 
round cars, and broad heavy 
snout. 

Colour brown on the dorsum and 
dirty white on the venter. Foot- 
]>ads large; heart-shaped mamniie 
ten to twelve in number. 



Fig. 47 ^' — Head of Epimys 
norvegicus. 

(After Hossack.) 
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This is the brown sewer or ship rat. which is supposed to have come from 
Cliina to Europe, and from Europe to India. It is the plague rat of Bombay 
It is very prolific, producing several litters of eight to ten young per annum. 


The chart of plague is as follows; — 

Plague. 


1 1 

„ . i Infected \ 

Orgamsm. i 

Infected ' 

Reser- Transmission, 
voir. 

Propa- 

gative 

Host. 

Infection. 

Bacillus Man. 

pestis. 

j 

Muiinae. Bacilli 

obtained by 
blood-sucking. 

Ingestive. 

' 

Fleas. 

Bacilli in faeces 
into wound by bile. 

Contaminative. 
More rarely 
inoculative. 


3. LICE. 

Relapsing Fevers. — With the downfall of Schaudinn's views many 
authorities consider spiroch^etes to be bacteria — e.g., Dobell con- 
siders them to be such because the longitudinal division is said to be 
based on imperfect observation, and hereditary transmission can 
occur with Bacillus cuenofi in the germ cells of the cockroach. 



Fig. 477 . — Pediculus corporis de Fig. 478 . — Pediculus corporis de 
Geer, 1778: Male. Carrier of Geer, 1778: Female. Carrier 

Typhus, etc. of Typhus, etc. 

(From a photograph by J. J. Bell.) 

Many of them are said to be flagellate; their nucleus is diffuse, like 
bacteria, and there is no conjugation, sex formation, or cncystmenl 
known, and it would appear as though a coccoid-like infective 
granule was the important method of their infection of the host. 
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They therefore behave more like the bacteria thdn like aninnA 

parasites in the carrier, t j • . , , . 

For our present purpose relapsing fevers may be divided into 

two groups as follows:— ^ • a u u ' -jv 

I The Louse Group, which is characterized by being carried by 
the louse. These are the European, the North African, the Indian, 

and the American types. . , 

From the infective blood the spirocliaetes pass into the alimentary 
canal of the louse, and from thence into its coelom, where they 
remain, and from there they find their way into the eggs, which are 
infective, as are their larvai. 

Infection of man is brouglit about by contaminative meansr— 
the louse in biting causes irritation, the man scratches his skin, 
causing abrasions, and at the same time kills a louse, crushes it, 
and rubs it into the abrasions, which become infected. Nicolle 
and Blaizot believe that the organisms which are infective are 
granules just before they reappear as spirochaetes. Sergent and 
Foley have stated that there were very small virulent forms in man 
during apyrexia. 

In tJiis life-cycle there is no definitive host, merely two hosts 
of equal value. Only the insect is the preservative host and the verte- 
brate the intermediary host. 

I. The Louse Group of Relapsing Fevers. 


Payasiit's 

Preservative 

Host. 

1 

Preservative 

Reservoir. 

' Infection. 

Inter- 

mediate 

Host. 

Trans- 
mission . 

S. recurrent IS, 
S. herb era, 
S. cartcri, 
vS. novvi. 

Pediculus 

corporis. 

Lice by 
hereditary 
transmission. 

Small forms in 
body cavity. 

Contaminative. 

Man. 

Small 

blood 

forms. 

Ingestive. 

Spirochajtal Epidemic Jaundice.- 

-This is caused by Spiroschau- 


dinnia ictcrohcemorrhagicr, which may have its reservoir in rats, 
from which it probably escapes in the urine, and after living in 
water enters via the alimentary canal or the skin. It is believed to 
have been caused, but very rarely, as the result of a rat -bite. It is 
introduced here as a convenient place, though not known to be due 
to lice. 


1 

Parasite. , 

I 

1 

I Host. 

\ 

Reservoir, i 

Method of Infection. 

Spiroschaudinn ia 
icterohamoffhagia. 

\ Man. 

Rats (?). 

1 

Contaminated water (?). 
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II. The Tick Group, which is characterized by being spread by 
the genus Ornithodorus. The known forms are the African (perhaps 
a separate East African), the Persian, the Colombian, with the 
Panamanian. 

This group differs from the louse group in the pre-eminence of 
the infective granule, which, according to many authorities, is in 
itself doubtful. 

Spirochaetes enter the tick with the infective feed, bore their way 
into the cells of various organs, and break up into coccoid bodies, 
the infective granules. These granules pass into the second genera- 
tion, and so the tick is a preservative reservoir. They also pass into 
the Malpighian tubules, from which they escape when the 
thick white Malpighian excrement is passed, which only takes 
place towards the end of a feed. The spirochaetes now enter 
the new host via the hole made in the skin by the tick for its 
meal of blood. 


II. The Tick Group of Relapsing Fevers. 


1 

Parasite. 

1 

1 

Preservative 

Host. 

Preserva- 

tive 

Reservoir. 

Infection. 

1 

1 

Inter- 

mediate 

Host. 

Trans- 
1 mission. 

Forms allied to 

Species of 

The ticks 

i The 

Man. 

Blood 

S. duttoni and 

: Ornithodorus — 

by 

; infective 


Spiro - 

found in Afri- 

e.g., 0. moubata, 

hereditary granules(?). 


! chaetes. 

ca, East Afri- 

1 0. tnricata, 

trans- 

i 


— 

ca, Colombia, 
Panama, and 
perhaps in 
Persin . 

\ 0. talagcB, 

\ and perhaps 

0. savignyi. 

mission. 

1 Contami- 
native. 


Ingestive. 


I 


We have followed Balfour's suggestion that the Persian relapsing 
fever is not caused by Avgas persicus, but by a species of Ornitho- 
dorus, probably 0 . savignyi. It must be admitted that many 
authorities disbelieve in the infective granule. 

4. phlebotomus flies. 

Verruga Peruviana. — It has been suggested that the carrier of this 
disease may be Phlebotomus verrucarum Townsend, 1913, but this 
appears to be very doubtful. 
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E. DISEASES OF UNKNOWN CAUSATION. 

The evidence in favour of pellagra being an insect-borne disease 
has not increased, and many authorities believe it to be a deficiency 
disorder. Tlie insects which were accused were species of Simulium 
and some Chironomid l)iting flies. There are suggestions that 
Rocky Mountain fever and tsutsugamushi disease are bacterial 
infections, and Noguchi has found a spirochaete in yellow fever. 


Disease. 

Host. 

Reservoir. 

; Traiistnissio)?. 

' Carrier. 

I'll feet toil. 

Oappaiaci 

Icvfir. 

Man . 


1 JMocxl-suekini’. 

i Jngestivc. 

Species oi 
plilelx)tomus. 

Jbtes. 

Inoculative. 

fever. 

Man . 

— 

Hlood-sncking. 

Ingestix'c. 

Stegomyia 
ciilcx (? ). 

Bites. 

Inocmlative, 

Villon' 

! Man. 

Man in 

Blood -sucking. 

Stegomyia 

Bites. 

level'. 

i 1 

I 

i 

mild 

i attacks. 

Mon- 
koy.s (?). 

Jngestivc-. 

cal opus. 

Inoculative. 

Rorky 

Mountain 

lever. 

Man. 


Blood sucking. 

Ingestive. 

Dennacentor 
venust'us - 
D. aiidersorii. 

Bites. 

(?) 

Tsntsn^a- 

1 Man. 

1 A rvicola 

Blood -sucking. 

M icroironi- 

Bites. 

rnusbi 


iiataricfh 

— " i 

bidium 

— 

cl i. sea sc. 


zinnii (?). 

Ingestive. 

akanmshi. 

(?) 

Trencli lever 
spiro- 
cha?te(?). 

Man. 

j 

— 

IMood-sucking. 

Ingestive. 

Lice. 

Bites. 

Contaminative. 

1 

AMan. 


Bloc^d -sucking. 

i Ingestive. 

Lne. 

Bites. 

(?) 

Ac uti‘ 
ant ('nor 
poliomyelitis 

Man. 


Blood-sucking. 

Ingestive. 

Stomoxys 
calc it fa'll s. 

Biles. 

Inoculative. 


F. CHANCE TRANSMISSION. 

Numerous blood-sucking and non-blood-sucking insects may by 
chance obtain an organism and carry it in their proboscis, and 
directly infect an open sore — c.g., flics and yaws, which, according 
to Castellani’s observations and experiments, is far from a rare 
occurrence. 
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G. IMPERFECT CARRIAGE OF PARASITES. 

Parasites may develop up to a certain point in the alimentary 
canal of insects in which they arc unable to complete their life- 
cycle — e.g., the malarial germ in many anophelines only proceeds 
as far as the rygote. 

H. TERMS. 


Terais for Animal Parasites. 


Definitive host 
Intermediate host 
Intermediary host 
Definitive reservoir . . 
Intermediate reservoir 
Transmission 
Infection 
Contaminative 
Inoculative . , 
Ingestive 


Host with sexual life of 
parasites. 

Host with asexual life of 
parasites. 

No development of parasite. 
Merely carriage. 

Natural supply of infection of 
intermediate; host. 

Natural supply of infection 
for definitive host. 

Passage from internn'diatc to 
definitive host. 

Passage from definitive to 
intermediate host. 

Abrasions or bites contami- 
nated by heces, etc. 

Parasites inject ed by insect 
during biting. 

Parasites taken into alimen- 
tary canal ficr os. 


Infected host . . 

Infected reservoir 
Protective host 

Propagative host 

Transmission^ 
hi feet ion j 


Fi'Rms for Bacteria. 

Vertebrate infected by bac- 
terium. 

Vertebrate carrier. 

Arthropod carrier without 
germ increasing in number. 

Arthropod carrier wi(h germ 
increasing in numbf;r. 

As in animal parasites. 
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CHAPTER XXXVI 

SCHIZOMYCETES 

Preliminary — Thallophyta — Schizomycetacea — Eubacteriales — Coccaceae — 
Bacillaceae — Spirillaceae — ^Mycobacteriaceae — References. 

PRELIMINARY. 

In our previous editions we drew attention to the numerous text- 
books and easily available works on bacteriology, which we decided 
not to consider, and we hold to that view still ; but we notice that the 
works on this subject, as supplied to the student of medicine, are 
perhaps somewhat lacking in systematic classification. 

To meet this need we have written the present chapter, which 
merely considers those bacteria whieh are of importance from the 
point of view of tropical medicine; and instead of giving descriptions 
of their cliaracters, tiiese are merely indicated by tables. Hence 
it should be used in conjunction with a good textbook on bacteri- 
ology, in which the details with reference to the species can be found. 

It is well known that the nomenclature of the bacteria is in hope- 
less confusion, but an International Botanical Congress was to have 
l)een Indd in London in 1915, at which the medically important 
nomenclature of the schizomycctes would have been considered, and 
probably some such congress will take place after the war. 

In tile meanwliile the reader can find the existing rules in ' Regies 
Internationales de la Nomenclature Botanique,’ published in Jena 
in 1912; and we may perhaps be permitted to remind him that names 
of orders should end in -ales, or suborders in -inecB, and of families 
in -acecB, while names of genera must be in the singular number and 
written with a capital letter, and those of subgenera and sections should 
resemble that of the genus. 

With regard to species, it is designated by a binomial name, the 
first portion of which is the generic name, while the second portion 
is the specific name, and is usually begun with a small and not a 
capital letter, and is, further, of the nature of an adjective as a rule. 

It is difficult to say what should be taken as the standard for 
bacterial nomenclature and classification, but it appears to us that 
it is useless to go further back than Migula; in any case the reader 
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will realize that in no instance can a species be designated by more 
than two words— viz., the generic and the specific. 

With regard to the value of bacterial species based upon biolog- 
ical and not Upon morphological differences, the remarks which 
we wrote on this subject in regard to the Protozoa hold good here, 
and need not be repeated, while we would refer the reader again to 
the section on evolution in Chapter V., p. 112. 

The Regnum Vegetahile, or vegetal kingdom, is usually divided 
into four great phyla or groups— viz., the Thallophyta, the 
Briophyta, the Pteridophyta, and tl e Phanerogamai, but of all these 
only the first need concern us. 

The Thallophyta include a great variety of plants whose vege- 
tative body may consist of one or many cells, forming a more or 
less branched structure. 

These plants may be defined and classified as follows: — 

PHYLUM THALLOPHYTA. 

Definition. — Vegetabiles with a cellular structure, whicli is gener- 
ally little differentiated, and reproducing ascxually by division 
and by spore formation or sexually, after conjugation, by oospores. 

Classification. — The Thallophyta may be divided into: — 

A. Thallophyta with chromatophores and often with chlorophyll — 

Class I., AlgcB Roth, 1797. 

B. Thallophyta without chromatophores or chlorophyll — Class II., 

FungacecB Linnasus, 1737. 

There can be no doubt that the Fungaceae are descendants of the 
Algae, which, because of a saprophytic or parasitic environment, 
have altered their food habits and have adapted themselves to new 
methods of nutrition, and hence no longer require chromatophores 
or chlorophyll, as they no longer manufacture their food with the 
aid of sunlight, but subsist on decaying animal or vegetal material 
rich in organic substances. 

They may be parasitic or saprophytic, or a form which is usually 
parasitic may at times become a saprophyte, or vice versa. 

With regard to their origin, the three great divisions probably 
differed in their evolution; thus the vSchizomycetes are probably 
derived from the Cyanophyceae, or Blue-Green Algae, while the 
Phycomycetes and the Eumycetes stand in closer relationship with 
the Chlorophyceae, or Green Algae: and it is because of this great 
difference in origin that the Schizomycetes are kept apart from the 
Fungaceae, and are^dassified with the Algae, although they are 
often included in the loosely used term Fungi (auctores). 

Another less usual classification is to divide the Thallophyta into 
two great groups, of which the first includes the Cyanophyceae and 
the Schizomycetes, while the second embraces the Myxomycetes, 
the Peridineae, the Conjugatae, the Diatomenae, the Heterocontae, 
the Chlorophyceae, the Characeae, the Phycomycetes, the Phaeo- 
phyceae, the Rhodophyceae, the Eumycetes. 

We will now turn to consider the Schizomycetes. 
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SCHIZOMYCETACEA Naegeli, 1857. 

Definition— Thallophyta without chlorophyll and as a rule with- 
out chromatophores, with the vegetative body consisting of a 
single cell, in which the nucleus is not present in the form typical 
for other thallophytes. Reproduction by fission or spore formation. 

Classification. — 'Fhe Schizomycctes may be divided into orders 
as follows:- 

A. Cells without sulphur or bacterio-purpurein — Order I., Eubacteriales, 

B. Cells containing sulphur — Order II., Thiohacteriales. 

C. Motile rods in pscudoplasmodial masses embedded in a gelatinous 

matrix and forming highly developed cysts — Order III., Myxo- 
bactcriales. 

Ojily tlie first order contains forms of importance in tropical 
medicine. 

ORDEK I. EUBACTERIALES. 

Definition. — Schizomycctes which conlain neither sulphur nor 
hacterio-juirj^nirein. 

Classification. — Tlu' Eubacteriales may be divided into families 
as follows : 

A. Cells, in free condition, usualb^ globular, in division somewhat ellip- 
tical— Family I, CoccacecB Zopf, 1885. emendavit Migula, 1900. 

H. C(dls. long or short, cylindrical, straight; division one direction — 
Family 2, BacilliceceVi^clM^x, 1894. 

C. C(‘lls, spirally curved or representing part of a spiral; division in one 
direction— Family 3, Spirillacea^ Migula, 1900. 

1>. Cells, surrounded by a sheath and arranged in elongated filaments — 
h'arnily 4. Chlamydohacicriaccce Migula, 1900. 

K. Cells, short or long, cylindrical or filamentous, often clavate, cuneate, 
or irregular, with enclosed granules. Filaments without a sheath — 
1'^a.mily 5, Mycobactcriacece Chester, 1901. 

The Chlamydobact eriacoa.* do not concern us, but the other 
families require some consideration. 

FAMILY COCCACE/E Zopf. ICS85, emendavit Migula, 1900. 

Definition.- — Eubacteriales in which tlie free cells are usually 
globular, though in division they become somewhat elliptical. 

Type Genus. — Micrococcus Hallier, 1866, emendavit Cohn, 1872, 
and Winslow and Rogers, 1905. 

Classification.— This family, which contains forms of importance 
to us, may be divided into two tribes as follows:— 

A. Parasitic on plants and animals, often growing best anaerobically 

but frequently with difiicnlty and in small amount, or even not at 
all, on artificial media; in pairs or chains, generally but not always 
staining by Gram, and often producing acidity in glucose and lactose 
media, and when pigmented generally white or orange — Tribe I., 
Strepiococcecc Trevisan, 1889. emendavit Winslow and Rogers, i9oy 

B. Facultative parasites or sa]>rophytes growing best under aerobic 

condition.s and wvll on artificial media; in cell groups, packets 
or zooglex'a massc\s and often Gram-negative, and when pigmented 
usually yellow or red — Tribe II., MicrococcecB Trevisan, 1889, 
emendavit Winslow and Rogers. 1905. 
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riic two tribes may be divided into genera as set forth in the 
following t able : — 

Diagnostic Table of the Family Coccace^ Zopf, 1885. 

Growth and Carbohydrates. 

Poor and fermented Good and iilt fermented 

(Streptococceae) . (Micrcjcoccere) . 

I 1 

Gram’s stain. Pitrmenl 

1 ‘ 1 

I I III 

Negative. Positive. Red. Yellow. Black. 

.1 J 

1. Neisseria. Pigment. 7. lihodococcus. Cells. 10. Ni^rococcu^. 

I ‘ I I I 

Absent. Present. Trn^gular groups. Packets. 

Cells. 8. Micfococctis. 9. Sarcina. 

I 

I 11 I 

In zoogloea Not in zoogla^a Orange. White, 

masses. masses. 

I 5. Aurococcits. (i. A Ihococcus. 

2. Ascococcus. Morphology. 

bile and salt. 


Pairs or chains encap- Chains, not encapsu- 

sulated, soluble in lated, not soluble 

bile and salt solu- in Ihle or salt solu- 
tions. tions. 

3. Diploooccus. 4. Streptococcus. 

We are, however, only concerned witli certain genera of the 
Streptococcete, which are Neisseria, Diplococcus, vStreptococcus, 
Aurococcus and one genus of the Micrococcea:^ — viz., Nigrococcus. 
As Micrococcus melitensis is often elongated (coccobacillus), we 
propose to place it under a sejiarate heading, ‘ IncertcB Sedis.' 

TRIBE 1 . STREPTOCOCCE/E Trevisan, 1889, emendavit Winslow and 

Rogers, 1905. 

Genus Neisseria Trevisan, 18(85. 

Synonyms.— Mzerorarews ITallir^, 1866, pro parte ; Diplococcus 
Weichselbaum, 1887, pro parte. 

Definition. — Streptococceae growing best, and often only, aerobi- 
cally, with or without pigment formation, usually present in pairs 
without a true capsule, and in exudates usually intracellular, and 
readily decolourized by Gram’s method of staining. 

Primary cultures grow poorly on usual laboratory media, but 
best on media containing glucose or blood serum. No lysis with bile. 
Ferment carbohydrates usually with but slight acid production. 
Type Species. — Neisseria gonorrh(m (Bumm, 1885). 



926 


SCHIZOMYCETES 


Classification. — The genus Neisseria includes the following species : 

1. N, gonorrhcea (Buinm, 1885), which is the cause of gonorrhoea. 

2. N. intracellular is (Weichselbaum, 1887), which is one of the 
organisms causing epidemic cerebro-spinal meningitis. 

3. N. sicca (von Lingelsheim, 1906). 

4. N.flava (von Lingelsheim, 1906). 

5. N. pseudomeningitidis (Elser and Huntoon, 1909). 

6. N . parameningitidis (Dopter, 1909). 

7. A number of heterogeneous strains, separable by the agglutina 
tion and absorption tests of specific immune sera. 

These various strains and groups can be differentiated from one 
another by the tests set forth in the following diagnostic table: — 


Diagnostic Table of the Genus Neisseria Trevisan, 1885. 
Glucose Agar. 


Pigment absent. 
Glucose and maltose. 

I 


Pigment present 
(Flava Group) . 

Glucose and maltose fermented 
saccharose. 


Only glucose fermented 
(Gonorrhceal Group). 


Both fermented. 

Saccharose and 
fructose. 


In gonorrhoeal infections. 

Separable by absorp- | 

tion test. 1 1 

I. GonorrhcecB. 

Neither fermented Both 
(Meningococcal fermented. 
Group). 6. Sicca. 

In epidemic cerebro- 
spinal infections, 

Separable'by Castcllani’s absorption test. 

Specific intracellu laris 
agglutinins. 


Fermented. 
7. E. and 
H.* (I). 


Fermented. 
8. Flava. 


No change. 
Fructose. 

1... 

No change. 
9. E. and H.* 

(HI). 


• E and H. = Else 
and Huntoon. 


Absorbed. 

2. Intracellular is. 


Not absorbed. 

Specific pseudomeningitidis 
agglutinins. 


Absorbed. 

3. Pseudomeningitidis. 


Not absorbed. 

Specific parameningitidis 
agglutinins. 


Absorbed. 

4. Parameningitidis. 


Not absorbed. 

5. Heterogeneous Group, 
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Genus Diploeoccus Weichselbaum, 1886, emendavit Winslow 
and Rogers, 1905. 

Ddfinition. — Streptococceae usually in encapsulated pairs, forming 
acid in glucose, lactose, saccharose, and inulin. Haemolysis usually 
absent. Characteristic group serum reactions. Soluble in bile salts. 
Undergo autolysis in cultures and in emulsions of physiological saline. 

Type Species. — Diploeoccus pneumonicB Weichselbaum, 1886. 

Remarks. — The genus contains the organisms associated with 
pneumonia, of which there are many strains separable by serum 
reactions. The genus requires further study before a definite 
classification can be given. 

Two groups arc recognized —viz., those which exhibit a diph'coccal 
form and are usually oval or lanceolate in shape (Pneumonia; group), 
and those which are in chains and rounded in form (Mucosus group) . 
These groups can be further differentiated by seriological tests and 
by complement fixation. 

Genus Streptococcus Rosenbach, 1884, emendavit Winslow 
and Rogers, 1905. 

Definition. — Streptococceae parasitic in short or long chains or pairs, 
forming a large quantity of acid in fermented sugars. Haemolysis 
present or absent. Without characteristic group serum reactions. 

Type Species. — Streptococcus erysipelatos Fehlcisen, 1883. 

Remarks. — Streptoccoci are frequently found in disease in the 
tropics, as primary agents causing the pathological changes, and 
as secondary or terminal infections in the course of illnesses due to 
other causes. 

They are responsible for several types of puerperal fever, of 
abscesses, of septicaemias and of skin diseases. 

Natural Habitat. — Most streptococci are found as parasites (or 
saprophytes) of the nose, nasopharynx, and alimentary canal of 
vertebrate animals, but they can also be found in the alimentary 
tract of the invertebrata, and apparently also, but to a less extent, 
living on or in plants. 

From these natural homes they may pass to air, soil, milk, or 
water, and so may be conveyed from one animal to another, as they 
are extremely resistant against heat and drought. 

Thus S. salivarius Andrewes and Horder, 1906, lives in normal 
human saliva; S. hovinus Broadhvrst, 1915, in bovine fseccs, and 
is found in the cow-dung plastered on walls and floors of native 
huts; while S. versatilis Broadhurst, 1915, is found in equine and 
bovine faeces. 

Researches with regard to certain human passages have shown 
how quickly these become infected with streptococci after birth. 

It would appear that man quickly obtained his normal strepto- 
coccal flora from the animals by which he is surrounded, and that 
so long as they abide in their natural habitats they do no harm, but 
if they depart therefrom they become pathogenic. 
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Classification. -TJiis is difficult, and ])erhaps should not be carried 
further than gr()U]).s which may be roc<Jgnized as follows . 

Diagnostic Table of Streptococcal Groups. 

A . Parasitic on plants. Grow in broth but not on agar or gelatine—/. Sphagni 

group. 

B. Parasitic in animals. Gro in broth and on agar and usually on gelatine . 

1. Obligatory anaerobes — II. Fortidus group. 

11. Aerobes, facultative anaerobes : — 

{a) Pigment present — III. Sanguineus group. 

(h) Pigment absent : — 

T. Gelatine actively liquefied— /F. Gracilis group. 

2. G(‘latine usually not or rarely slightly liquefied, inulin usually 
not fermented: — - 

(a) Gas produced- — V. Gasogenous group. 

(t.) Gas not produced : — 

Non-Fermenters 

{a) Glucose and other sugar media not fermented— 
VI. Non- fermenting group. 

Monosaccharidp: Fermenters — Equine Feecal Type : — 

(/>) Glucose usually and other sugar media generally 
fermented. 

1. Glucose alone or with saccharose and salicin, but 
not with lactose, fermented — VII. Equine group. 
Disaccharide Fermenters— -f/w wan Type : — 

1 . Lactose, glucose, saccharose, and salicin, but not 
mannitol fermented VIII. Erysipelalos group. 

E Lactose, glucose, saccharose, salicin, mannitol, and 
sometimes raffmose fermented ■ — IX. Fcecalis 
group. 

Trisaccitaride Fermenters — Bovine Fcecal Type : — 

4. Ualhnose, lactose, saccharose, usually glucose some- 
times salicin and rarely inulin, but not mannitol 
termcnted — ^Y. Salivarius group. 

If (Icsiri'd the iiu'e.si igatioii can be extended, but in our ex])erience 
only Gronj)s 11., Vll., VI 11., IX., and X. are of tropical import- 
ance, and therefore we shall limit our remarks to them ; — 

11. Fcetidus Group. 

Definition.— Streptococcus parasitic in animals, obligatory anae- 
robes growing well at 37 "" C., and poorly or not at all at 20 "^ C. 

I. Foetid gas produced; milk usually acidified and slowly clotted — 

5. fcetidus. 

II. Foetid gas not produced; milk unchanged — 5. anaerobius. 

Both these organisms have been known to cause puerperal fever. 

VII. Equine Group. 

Definition.-- -Streptococcus parasitic in animals, aerobe facultative 
anaerobe, without pigment, not liquefying gelatine nor producing 
gas, and being a monosaccharide fermenter. Glucose, salicin, and 
usually saccharose, are fermented, but not lactose, and with feeble 
or no growth at 20° C. Milk not clotted. 
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Classification.— By the action upon raffmose and inulin the group 
may be divided into two subgroups — i.e., a typical, in which these 
are not fermented, and an atypical, in which one or both arc fer- 
ment ed. 

A. Raffinose and inulin not fermented and neutral red not reduced— 

Typical subgroup. 

I. Saccharose fermented — S. e:,iiinus. 

II. Saccharose not fermented— Andrcwes and Horder, Winslow and 
Palmer, Rroadhurst (A). Fuller and Armstrong. 

B. Raffinose or inulin fermented or neutral red reduced— sub- 

group. 

We have found S. equinus Andrcwes and Horder, 1906, in a case 
of septicaemia in the tropics. 

VIII. Erysipelatos Group. 

Definition.— Streptococcus parasitic in animals, aerobe facultative 
anaerobe, without pigment; docs not liquefy gelatine or produce 
gas; ferments lactose, glucose, saccharose, and salicin, but not 
mannitol or raffinose. 

Classification. — The grouj) may be different ialed into strains as 
follows: — 

A. Colonies on agar large, white, and opaque, at the end of forty-eight hours 

resembling those of an albococcus; miik clotted. Hcemolytic action 

unknown — 5 . puerperalis 

B. Colonies on agar small, translucent, not n^sembling, at the end of forty- 

eight hours, those of an albococcus: — 

I, Haemolysis present:- — 

{a) Milk clotted:- - 

1 , Some kind of a capsule present , colonies on agar typical 

— 5 . epideniicus. 

2. Capsule absent, growth on agar may be absent or in the 

form of very fine or at times watery colonies, but 
typical on ascitic agar — S. equi. 

{b) Milk not clot ted:— 

Capsule absent, colonies on agar typical: — 

1. Found in cases of erysipelas — S. erysipelatos. 

2. Found in dermatitis cupoliformis — S. tropicalis. 

II. Haemolysis absent: — 

(a) Milk clotted — S. mitior. 

[b) Milk not clotted — 5 . milis. 

S. puerperalis Fume: lux- J ordan and Mackay, 1912, was found in 
twenty-one cases of ])uerperal fever in England. 

S. equi Schutz, 1888, is the same as coryzcB contagiosce equorum 
Eisenberg, and as .8. equi Caj)ellelti-Vivaldi, 1899, and 5 . capellettii 
Chester, 1901, and causes strangles, etc., or adenitis in horses. 

S. erysipelatos Fehleisen, 1883, is the type species of the genus 
Streptococcus. It is the same as 5 . pyogenes Rosenbach, 1884, and 
S. puerperalis Arloing, 1884, and it may be the same as S. puerperalis 
Furneaux- Jordan and Mackay, though there are differences. 

S. tropicalis Castellani, 1914, is the cause of Dermatitis cupoli- 
formis, which is a type of tropical ecthyma (see p. 2034). 
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It may be that S. mitior Scliottmuller, 1903, is the same as S, 
mitis Andrcwes and Holder, i<,o6. It has been found in cases of 
puerperal fever. 

IX. F^cai.is Group. 

Definition. Streptococcus parasit ic in man, facultative anacrohe, 
growing in in oth and upon agar and lilood scrum without the fonn.i ’ 
tion of pigment , and well upon gelatine at 22“ C., without producing 
Ikjnehct ion; ferincuting glucose, saccharose, lactose, mannip]!, 
and salicin; sometime^i raffinosc, hui typically not inulin, and genet - 
ally, but not always, clotting milk; variable as regards neutral red 
reduction and sulphuretted hydrogen formation, and usually pro- 
ducing relatively large amount of acidity in glucose media tested 
quant'tatively. 

Remarks. — Tills is an important pathogenic group in the tropics, 
licing found in all sorts of conditions. Its various strains may be 
difl'ermif i.il ed as follows; — 

A. Glucose, saccharose, lactose, salicin, and mannitol fermented — 
Typical subgroup. 

I. Kafhno.se not fermented — S. fcecalis Andrewes and Horder, 1906. 
11. Kahinose fermented — 5. versatilis Broadliurst, 1915. 

1-). Suppression of one of the characters of the typical subgroup or with 
the addition of tJic fermentation of inulin— Atypical subgroup. 

1. Kahinose not fermented — Variants of S. fajcalis. 

11. Kafhnose fermented — Variants of 5. versatilis. 

X. Salivarius Group. 

Definition.— Strdjhucoccus parasitic in animals, facultative anae- 
robe, growing in ])rotli and on agar without pigment or gas forma- 
tion, with slight or no growth at 22'' C. in gelatine which is not 
liquefied, and ca])able of fermenting glucose, saccharose, lactose, 
and rathnose; may fcrriK'nt inulin, but not mannitol, and generally 
capable of clotting milk. Habitat, human saliva, human faeces, 
bovine and equine fteces. 

Classification. — This grouj) can be divided into a typical sub- 
group, and an atypical snl)gronp containing varieties of the typical 
group, in which there is suppression of some im]K)rlant character, 
which is not inulin fermentation. 

Typical Subgroup. — Glucose, saccharose, lactose, and raffinose, and at 
times inulin fermented. 

A. Salicin not fermented : — 

I. Ihcmolysis marked — 5. anginosus. 

II. Haunolysis absent — 5. salivarius. 

K. Salicin fermented : — 

1. liiemolysis marked — S. actuosus. 

11 . Haemolysis absent — S. bovinus. 

Atypical Subgroup. — Contains varieties of 5. anginosus, S. salivarius, 

S. actuosus, and S. bovinus, in which there is suppression of some character 
but as these suppressions arc generally only temporary it is not necessary to 
specially characterize them. 

Remarks. — These streptococci are frequently found in sore throat 
and other infections in the tropics. 
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Shottmuller’s Classification of the Genus Streptococcus.— This is 
very simple, and is based on the characters of colonies on blood -agar plates. 

1. Colonies surrounded by a clear zone of haemolysis — S. hcemolyticus 
( = S. pyogenes = 5 . erysipelatos — S. erysipelatosns) . 

2. Colonies not surrounded by a clear zone of haemolysis; of a peculiar 
greenish colour — S. viridans { = S. mitior). 

3. Colonies whitish, slimy, somewhat adherent to the medium (cocci 
capsulated) — S. mucosus. 

Genus Aurococcus Winslow and Rogers, 1905. 

Definition. — Streptococceae parasitic, producing pigment, and in 
irregular groups or in non-capsulatcd groups of four, or in pairs, but 
never in zoogloea masses. Growth good. Sugars fermented with 
formation of a moaerate amount of acid, but no gas. May or may 
not reduce nitrates and liquefy gelatine. 

Type Species. — Aurococcus aureus (Roscnbach, 1884). 

Classification. — Winslow and Rogers, alter a long discussion of 
synonyms, have recognized only three types, which may be differen- 
tiated as follows: — 

A. Nitrates not reduced ; — 

(1) Gelatine strongly liquefied — Aurococcus aureus [^0SQj\hQ.ch., 1884). 

(2) Gelatine not liquefied — Aurococcus aurantiacus (Cohn, 1872). 

B. Nitrates reduced: — 

(3) Gelatine may or may not be liquefied — Aurococcus mollis (Dyar 

1895). 

Remarks. — -This group is of great interest in the tropics, as its 
members are the cause of boils and pyosis in various parts — e.g,, 
Aurococcus mollis causes Nile boils and pyosis Corletti. 

With regard to ‘ pyosis Mansoni,’ Castehani in Ceylon showed it 
to be caused by a species of aurococcus, whicli Clegg and Wherry 
in 1906 called Micrococcus pemphigicontagiosi, which seems to be 
the same as that named Micrococcus pempliigine-onatorum by 
Almquist in 1901, and both may be Aurococcus mollis, Aurococcus 
tropicus Chalmers and O’Farrcll, 1913, found in Castellani's 
' pyosis tropica,’ appears to be different, as its vaccine was without 
effect on a case of Nile Boils, but, unfortunately, it was not possible 
to test it on nitrates and gelatine. 

TRIBE II. MICROCOCCE.® Trevisan, i 88 g, emendavil Winslow and 

Rogers, 1905- 

Genus Rhodococcus Winslow and Rogers, 1905. 

Definition. — Micrococceae, usualb^ saprophytes, rarely parasites, 
with cells in groups or regular packets. Generally more or less 
decolourized by Gram. Growth on agar abundant, with the 
formation of red pigment. Very slight fermentative action. 
Gelatine rarely liquefied. Generally reduce nitrates to nitrites. 

Type. — Rhodococcus roseus (Fliigge, 1886), emendavit pyzir , 1895. 

Remarks. — Winslow and Rogers recognize, in addition to the 
type, R. fulvus Cohn, 1875, and they leave the rest in groups to 
await further investigation. 

We add Rhodococcus castellanii, discovered by Castellani and 
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Which Chalmers and O’Farrell in 1913 named and more fully cU- 
scribed. It is found in Trichomycosis rubra, and wc differentiate ihv, 

three species as follows:-- 

A Does noi ferment glucose--Casfellanii. 

B. Produces slight acidity in glucose: 

1. Nitrates reduced to nitrites Roseus. 

Nitnites not reduced — Fiilvns. 
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Genus Nigroeoeeus Castellani and Chalmers, 191S. 

Definition.— Micrococcea: saprophytic, rarely parasitic, produc- 
ing bhick or bluish-black pigment. 

Type. — Nigroeoeeus nigreseens (Castellani, 1911). 

Classification.— The type is found in Triehomycosis nigra, along 
with Cohnisirepiothrix tenuis Castellani; other forms are N. fuscus 
Adametz (1888), in water; N. eyaneus Schroetcr, 1870, in air 
and water; and they may be differentiated as follows: — 

A. Gelatine liquefied — Fuscus. 

B. Gelatine not liquefied: — 

I. Pigment indigo blue — Cyaneus. 

II. Pigment black — Nigreseens. 


iNCERTiE SeDIS. 

The so-called Mieroeoceus melitensis Bruce, 1886, which is the 
causal agent in Mediterranean, Malta, or undulant fever, is difficult 
to classify, because elongated forms are seen at times in cultures, 
and b(‘cause it seems to have no affinity with tlic Gram-nt^gative 
cocci ; but, on tiie other hand, is very like the typhoid-colon group of 
organisms in certain respects. It does not ferment sugars, nor 
produce indol; does not liquefy gelatine^, nor show polar-staining; 
while milk l)ecomes alkaline. 


FAMILY BACILLACEAE FisduT, 1894. 

Definition. -Eubactcriales with cells long or short, flagellate or 
non- flagellate, sporogenous or non sporogenous, but always cylin- 
drical and straight. They divide in one direction only. 

Type Gi^Vi\xs,- -Bacillus Cohn, 1872. 

Remarks. — -The enormous numbers of species and varieties 
gathered together under the names Bacterium and Bacillus form 
such an unwieldy mass, that we have endeavoured to simplify 
matters by formulating a number of tribes with genera. 

Classification.— The family ‘ Bacilluceie ’ may be classified into 
tribes as follows 

Growth in ordinary laboratory media: — 

A. Entirely or almost entirely absent— Tribe i, NiirobacterecB. 

B. Poor, Gram-negative, grow best on blood media — Tribe 2, Hetmo- 

philecs. 

C. Extremely slow and scanty growth on ordinary and blood media — 

Tribe 3, Graciloidece . 

D. Growth good: — 

I. Endospores present — Tribe 4, Bacillece, 

II. Endospores absent: — 
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{a) Fluorescent or chromogenic — Tribe 5, Bacteridiecs. 

(b) Neither fluorescent nor chromogenic: — 

1. Obligatory anaerobes — Tribe 6, Bacteroidecs. 

2. Aerobes often facultative anaerobes: — 

(1) Gelatine liquefiers — Tribe 7, Protees. 

(2) Gelatine non-liquefiers : — 

(i.) Without capsules : — 

(a) With polar staining — Tribe 8, PasteurellecB . 

(b) Without polar staining — Tribe 9, EherthecB. 
(ii.) With capsules — Tribe 10, Encapsulates. 

THE TRIBES. 

This is obviously not the place to enter into a prolonged discussion 
with regard to th^se tribes, but in order that there may be no doubt 
as to our meaning, wc give the following table showing the type 
genus and type species which we propose for each tribe 


Tribe. 

Type Genus. 

[ 

1 Type Species. 

Orighial Name of Type 
Species. 

Nitro- 

bactcricai. 

Nitrobacterium 
Castcllani and 
Clialmers, 1918. 

Nitrobacterium 

nitrobacter 

(Winogradsky, 1892). 

Nitrobacter 
Winogradsky, 1892. 

Hiemo- 

phileae. 

Jlsmophilus 
Castcllani and 
Chalmers, 1918. 

Hsmophilus 
influenza 
(Pfeiffer, 1892). 

Bacillus of 
influenza, 

Pfeiffer, 1892. 

Graciloideic. 

Graciloidcs 

Castcllani. 

Graciloidcs 

albofaciens. 

Bacillus albofaciens 
Castcllani, 190^. 

Bacillcae. 

Bacillus 

Cohn, 1&72, 
pro parte. 

Bacillus subtilis 
(Ehrenberg, 1833). 

Vibrio subtilis 
Ehrenberg, 1833. 

] 3 actcri- 

dieai. 

Bader id him 
Scliroetcr, 
1872. 

Baderidium 
prodigiosum 
(Ehrenberg, 1838). 

Monas prodigiosa 
Ehrenberg, 1838. 

Bacter- 

oidCfC. 

Bader aides 
Castcllani and 
Chalmers, 1918. 

Bactcroides 

fragilis 

Veillon and Zuber. 

Bacillus fragilis 
Veillon and Zuber. 

Proteae. 

Proteus 
Hauser, 1885. 

Proteus vulgaris 
Hauser, 1885. 

Proteus vulgaris 
Hauser, 1885. 

Pasteur- 

elleai. 

Pasteurella 
Toni and 
Trevisan, 1889. 

Pasteurella gallina 
Toni and Trevisan, 
1889. 

Microbe du cholera 
des Poles, 
Pasteur, 1880. 

Ebertheae. 

Eberthus 
Castcllani and 
Chalmers, 1918. 

Eberthus typhosus 
Zopf, 1885. 

Bacillus of Eberth 
auc tores. 

Encapsu- 

lateae. 

Encapsulatus 
Castcllani and 
Chalmers, 1918. 

Encapsulatus 
pneumonia 
( F ried laend er, 1883). 

Pneu mococcu s . 

The micrococcus of 
pneumonia. 
Friedlaender, 1883. 

! . 
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Of all these, the inosi important from our present point of view is 
Ehevthcd’, which contnins many intestinal organisms. 

TRIBK p:NCArSULATEiE Castellani and Chalmers, 1918. 

Definition.- -BacillacecT growing well on ordinary laboratory 
media, without endospores; neither fluorescent nor chromogenic 
acTob(is, no' Ii(|U(;haiig gelatine, jiossessing capsules in animal tissues. 

Type GQms--EncapsiEains Castellani and Chalmers. 1918. 

Genus Encapsulatus Castellani and Chalmers. 1918. 

Definition.- -Encapsulat('ie with the tribal characters. 

Type Species, — Encapsulatus pneumonias (Friedlacnder, 188 j). 

Remarks.— This genus is the only one at present in the tribe, and 
it includes the old group of encapsulated bacilli which have been 
reviewed by Fricke in 1896, Clairmont in 1902, Perkins in 1904, Abel 
and lialJwacks in 1912, and Fitzgerald in 1914. 

Tile species are mostly short, non-motile, Gram-negative, en- 
capsulated pleomorphic organisms, which ferment glucose and 
lactose; but as regards the latter sugar, they may give rise to acid 
only, though more usually they form acid and gas. 

Classification. — The various species of this genus may be recognized 
as fol low's: — 

A. Glucose completely fermented with the formation of acid and gas; 

lactose fermented partially with the formation of acid, but no gas. 

Milk clotted- -l^nciimonicp. 

B. Glucoses and lactose completely fermented with the formation of acid 

and gas. Milk clotted: — 

1 . Tnosite not fermented — Acidi lactici. 

II. Inosile fermented with the formation of acid and gas — Lactis- 
aerossenrs. 

TI\’IB.E BBTUrrHl^/p; ('astklcani and Citalmers 1918. 

Definition, dfacill icca^ growing vv(‘ll on ordinar}^ laboratory 
media; not forming endospores, aerobes, and often facultative anae- 
robes; without fluorescence, pigment formation, or gelatine lique- 
faction; without polar staining; Gram-negative, without a capsule. 
Type Genus. -Eherihus ('astellani and Chalmers, 1918. 
Classification.— The tribe may be divided into genera, which ma}^ 
be recognized as follows:— 

A. Glucose and lactose either not at all or only partially fer- 
mented witli the production of acid, but no gas: — • 

1 . Milk not clotted ; — 

(r?) Glucose and lactose not fermented — Genus i, Alcaligenes 
Castfllani and Chalmers, 1918. 

[b) Glucose partially fermented with the production of acid 

and no gas ; lactose not fermented : — 

1 . Motile^ — Gcnu.s 2, Eberthus Castellani and Chalmers, 1918. 

2. Non -motile — Genus 3, Shigella Castellani and Chalmers, 

1918. 

(c) Lactose and glucose partially fermented with the production 

of acid, but no gas — Genus 4, Dysenteroides Castellani and 
Chalmers, 1918. 
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II. Milk clotted .• — 

Glucose partially fermented with the production ol acid, but no 
gas; lactose not fermented (no gas in any sugar) — Genus 5, 
Lunkoides Castellani and Chalmers, 1918. 

B. Glucose completely fermented with the production of acid and gas; 

lactose not fermented : — 

I . Milk not clotted — Genus 6, Salmonella Lignieres, emendavit 

Castellani and Chalmers, 1918. 

11 . Milk clotted — Genus 7, Balkanella Castellani and Chalmers, 1918. 

C. Glucose completely fermented with the production of acid and gas; 

lactose partially fermented with the production of acid and 
no gas: — 

1 . Milk not clotted — Genus 8, Wesenbergus Castellani and Chalmers, 
1918. 

D. Glucose and lactose completely fermented with the jiroduction of 

add and gas: — 

I. Milk not clotted — Genus 9, Enfer aides Castellani and Cnalmcrs, 
1918. 

II. Milk clotted — Genus 10, EscLenchia Castellani and Chalmers, 

ic)t8. 

In order to be quite delinite, we give the following table .showing 
the type species for each genus 


Genus. 

Fype Species. 

Original Name of the 

7 ype SpeAes. 

Alcaligeneb. 

Alcaligcncs fcecalis 
( i^e t ru schky , 1 896) . 

Bacillus fiBcalis 
alhaligenes 
Petruschky, 189G. 

Eberthus. 

Eberihus typhosus 
(Zopl, 1885). 

Bacillus of Eberth 
an c to ICS. 

Shigella. 

Shigella dysenieYicB 
(Kruse, 1899). 

Bacillus dysenterice 

Kruse, 1899. 

Lankoides. 

1 Lankoides pyogenes 

^ (Passet, 1902). 

1 Bacillus pyogenes feetidus 
Passet, 1902. 

Dysent oroides. 

Dvs nit K>td s 
mctadysentericus 
(Ceistcllani, 1917). 

Bacillus metadysentericus 
Castellani, 1904. 

Salmonella. 

Salmonella paratyphi 
(Sc hottmiiller, 1902). 

Bacillus paratyphosus A 
Schottm idler, 1902. 

Balkanella, 

Balkanella coagu'ans 
(Castellani, 1910). 

Bacillus coagulans 
Castellani, 1916. 

Wesenbergus. 

W esenbergus wesenhergi 
(Castellani, 1913). 

Bacillus wesenberg 
Castellani, 1913. 

Enteroides, 

Enteroides entericus 
(Castellani, JQoy). 

Bacillus entericus 
Castellani, 1907. 

Escherichia. 

Escherichia colt 
(Escherich, 1886). 

Bacterium coli commun ’ 
Escherich, 1880. 
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Genus Alcaligenes Castellani and Chalmers, 1918. 
l^ellnition* — Eberthea! which do not ferment g^lncose or lactose, 
and are characterized by tlieir general lack of fermentative power 
and by actually increasing the alkalinity of the media. Milk i,s 

not clotted, and is rendered alkaline. , . ^ 

Type.-^Alcalifems facalis (Petruschky. 1S96), emendavU Castel- 

also comes Alcaligenes vivax (Archibald. 19x8), which was 
ohtdinccl from the hlood of r cRse of cntci oidcti in thcj\.n^}o-Tt^ypticLn 
Sudan, produced acidity in galactose and mannitol and was charac- 
terized by its marked motility. 

Classification, — These various organisms can be differentiated 
as follows: — 


A. Non-inotile — Aletalkaligenes. 

B. Motile: — 

1. No acidity in any sugar — f-cBcalis. 
II. Acidity in mannitol — Vivax. 


Genus Eberthus Castellani and Chalmers, 1918. 

Definition. — Bacillaceae motile, partially fermenting glucose with 
the production of acid and no gas. Lactose not fermented. Milk 
not clotted. 

Type Species. — Eberthus typhosus (Zopf, 1885). 

Remarks. — This genus has as its type species the organism which 
causes that variety of enteric fever wliich is called typhoid fever, 
as well as a number oi species which are the causal agents of forms 
of eut eroidea.. 

Classification. -The genus contains the following species, in 
addition to th(' type: — -L. kandiensis Castellani, E. talavensis 
Castellani, E. prizinitzi ('astellani. 

They may be differentiated biocliemically as follows, though they 
can be distinguished, in addition, by tluir serological reactions — 


Mannitol. 


Acid . 

I 

Maltose. 


No change. 

I ^ 

Saccharose. 


Acid. No change. Acid. No change. 

J yphosus. ]\andiryisis. Talavensis. Print 

Genus Shigella Castellani and Chalmers, 1918. 

Deflnition.- -Eberthea^ non-motile, partially fermenting glucose 
with the production of acid, but no gas; lactose not fermented. 
Milk not clotted. 

Types. — Shigella dysentcria’ (Kruse, 1899). 

Remarks. — This genus includes a number of fonns whicli are 
associated with bacillary dysentery, but in going through those 
which have been described, we have rejected all wdth very imperfect 
descriptions which will never permit of their recognition. 
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Classification.^ — -The species belonging to this genus may be divided 
for purposes of recognition into : — • 

A. Mannitol f ermeniedSMh^Gmxs Flexnerella (Flexner grou’; sensii lato) . 

I. Maltose fermented — Flexner group. 

II. Maltose not fermented — Pseudodyseniery group. 

B. Mannitol not fermented — Subgeniis Shigella. 

The forms belonging to these divisions and sections may be re- 
cognized by the following tables : — 


Subgenus Flexnerella Castelhmi and Chalmers, 1918. 

(Mannitol Partial Fermenters.) 
Flexner Group: Maltose Partial Fermenters. 


Milk. 

I 

Acid then alkaline. 
Sorllitol . 


Alkaline only. 
FcBcaloides. 


No change. 

I 

Flcxncri. 


Acid. 

1 

Salicin. 


Acid. 

Tangallensis. 


No change. 
Vysentericp. 
Strong. 


Subgenus Flexnerella Castellani and Chalmers, 1918. 

(Mannitol Partial Fermenters.) 

PSEUDODYSENTERY GrOUP : MaLTOSE NoN-FeRMENTERS. 


Dextrin. 


Acid. 

Salicin. 


Acid. No change 

PseudodyseniericB S. dysenterice Hiss 
var. Dj. and Russell. 


No change. 

I 

Salicin. 


No change. 
PseudodyseniericB 
var. Do. 


Acid. 

PseudodyseniericB 
\'ar. A. 


vShiga-Kruse Division: Mannitol not Fermented. 
Milk. 

I 

Acid then alkaline. Permanently acid. 

Arabinose. Shiga serum agglutination. 

I XT L- 

j I Negative. 

No change. Acid. Paradysenteria. 

DyseniericB Lunavensis. 

Shiga-Kruse. 
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Genus Lankoides Castellani and Chalmers, 1918. 

Definition.— Eberthe^e feimenting glucose partially with the 
production of acid, but no gas; lactose not fermented or only 
partially, witlionl gas production. Milk clotted. 

Type Species. — Lankoides pyogenes (Passet, 1902). 

Classification.— The species classified in this genus may be re- 
cognized as follows 

Motility. 


Pyogenes . 

I 

Mo cliiLiige. 
Cialactoso. 

I 

No cluingt'. Acid. 

Ceylonensis var. A. Ginioilensis. 


Absent. 

Mannitol. 

i 

I 

Acid, 

J.) ulcitol. 

i 

I I 

Acid. No change. 

I Madam pensis 

Ceylonensis \d,v. Ih 


Genus Dysenteroides Castellani and Chalmers, 1918. 

Definition. — Eberthcc^e fermenting glucose and lactose partially, 
with the prodiu'tion of acid, but no gas. Milk not clotted. 

Type Species.' -Dysenieroides metadvsenteriens (Castellani, 1917). 
Remarks.- -This genus contains the organisms of the Meta- 
dysenteric group, which may be differentiated as follows: — 

Mannitol. 


Acid. 

1 

.1) ulcitol. 


Acid. No change. 

Mcfa dys e n t er icu s I\ I e ta dysen teri cn s 

var. D. var. A. 


No change. 
Inclol. 


Produced. 

M etadysentcricus 
var. B. 


Not produced. 
M ctad.y sent ericit 
var. C. 


Genus Salmonella Lignieres, emendavit Castellani and Chalmers, 

1918. 

Definition. — Ebertheje which completely ferment glucose, but 
do not fennent lactose, and partially or completely ferment manni- 
tol, in addition to oUut carboliydrat (^s. Milk not elott (^d. 

Type Species,— Srtt/ wo paratyphi (Schottmiiller, 1902). 

Remarks. — ^This genus contains a large number of species, 
which may be divided into groups as follows :■ — 
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A. M 3 .nnitol not fermented — JM^oygufi gvoup. 

B. Mannitol partially fermented with the production of acid, but no gas 

— Veboda group. 

C. Mannitol completely fermented with the production of acid and gas — 

Paratyphoid- A siaticus group. 

The Morgan group only contains Salmonella morgani, which is the 
same as Morgan I. of older nomenclature. 


Veboda Group. 

This group contains two organisms— viz., Salmonella veboda 
Caslellani, 1909, and S. willegoda Castellani, 1911. They may be 
distinguished as follows:— 

Dulcitol. 


Acid and gas. 
Salicin. 


No change. 
Veboda. 


Acid. 

I. 

Salicin. 

I 

Acid and gas. 
Willegoda. 


Paratyphoid-Asiaticus Group. 

This group contains a number of forms, some of which are of 
tropical importance. It may be classified as follows : — 

A. Indol not produced — Paratyphoid division. 

B. Indol produced — A siaticus division. 

The first subgroup contains 5. paratyphi A, S, paratyphi B, 
S. aertrycke, S. wolinice. The term S. paratyphi C has been applied 
by various authors to indicate different germs, one of which is 
identical sendogically with 5. enteritidis. 

Paratyphoid Division : Indol Non- Producers. 

Milk. 

i 

Permanently acid. Becomes alkaline after a time. 

Paratyphi Gaertner serum. 

^B. paratyphosus A. j 

No agglutination. Agglutination. 

Castellani's absorption test Enteritidis Gaertner 

v/ith. Paratyphosus B. scTv 00. =^B. danysz. 

Agglutinins absorbed. Ag^utinins not absorbed. 

Paratyphi B. | 

~B. paratyphosus B. Dulcitol. 

G IS. No gas. 

Aertrycke Wolinice. 

— Suipestifer 
— Psittacosis 
— Typhimurium (p.p.)> 
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Asiaticus Division: Indol Formers. 
Saccharose- 

i_ 

No change. Acid and gas. 

! J . 

V o ge s - Pr o s lean er . Sal i ci n . 


Positive. Negative. Acid and gas. No change. 

Avchihaldi Castcllani | Pseudo-asiatica | 

and Chalmers. Carolina Castellaiii. Motility. 

Castcllani. | 

Present. Absent. 

Asiaiica var. mobilis Asiatica 

Castcllani. Castcllani. 

Genus Balkanella Castcllani and Chalmers, 1918. 

Deflnition.- -Ebcrtheae which ferment glucose completely with the 
production of acid and gas; lactose not fermented. Milk clotted. 
Type Species.- -Balkanella coagulans Castcllani, 1916. 

Remarks.— -There are two species- -viz., the type and B. caroli- 
noides Castcllani-— which may be separated as follows : — 

Saccharose . 


No change. Acid and gas. 

('^oagulans . Carolinoides . 

Genus Wesenbergus Castcllani and Chalmers, 1918. 

Definition.- -Ebcrtheae which ferment glucose completely and 
lactose partially, producing acid, but no gas. Milk not clotted 

Type Species.- -Wesenlergns wesenhergi Castcllani, 1013. 

Remarks. — d'he type described by Castcllani is motile, and pro- 
duces acidity in litmus milk. It forms acid and gas in glucose and 
saccharose, but only acid in lactose, mannitol, and dulcitol. It is 
an indol producer. 

To the same group belongs Wesenbergus gin mai Castellani, which 
is nou-motike 

Archibald in the Anglo-Egyptian Sudan obtained an organism 
of this type from the blood of a case of enter oidca in Khartoum on 
the fiith day of the illness. It was motile, formed acid and gas in 
glucose, galactose, and rhamnosc (iso-dulcite), dextrin, starch, 
mannitol, and sorbitol, but only acid in lactose, levulose, maltose, 
and dulcitol, while it failed to ferment saccharose, rafftnose, inulin, 
salicin, glycerol, crythrol, or adonitol. It did not produce indol, 
gave a negative Voges-Proskauer reaction, but reduced nitrates and 
neutral red. Speciiic serum reactions separated it from Eberthus 
typhosus, Salmonella paratyphi, S, paratyphosa, and S. gaertneri, 
and it was well agglutinated by the patient’s serum during 
convalescence. We name it Wesenb ngus fermeniosus. 

Readers interested in this group will find some strains described 
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by Alexander in 1914 in the supplement to the Annual Report of 
the I.ocal Government Board, which may well be classified here. 

The named species may be separated as follows : — 

A. Indol produced : — 

I. Dulcitol fermented — Wesenbergi. 

II. Dulcitol not fermented — Giitmai. 

B. Indol not produced — Fermentosus, 

Genus Enteroides Castellaui and Chalmers, 1918. 

Definition. — -Ebcrtlieie wliich ferment glucose and lactose com- 
pletely with the production of acid and gas. Milk not clotted. 

Type Species. — Entcyoidcs entericus (Castellani, 1907). 

Remarks. — Castellani isolated two organisms fiorn cases of enter- 
oidea and appendicitis in Ceylon ■ -viz., the type anci E. paraentericiis 
— and later found another, E. vckanda, in the Balkans. 

Chalmers and Macdonald obtained E. khartoimicMsis from cases 
of enteroidea in the Anglo-Egyptian Sudan. 

Classification. — The various species of the genus may be recog- 


nized as follows; — 

No change. 

Adonitol. 

1 

Acid and gas. 

1 

1 

Saccharose. 

1 


Salicin. 

1 

No gas. 

Gas. 

1 

No change. 

Acid and gas. 

Entericus. PdraenU'ficits. 

Vckanda. 

Khartoumensis. 


Genus Escherichia Castellani and Chalmers, 1918. 

Definition. — Ebertfiea^ wliich ferment glucos(^ and lacto.se com- 
pletely; milk clotted. 

Type Species. — Escherichia coll (Esche,rich, 1886). 

Glassification. — The number of species gathered together under 
this genus, even after the rejection of those so impiirfcctly described 
that they cannot be classified, is so large that they require to be 
divided into groups and sections as follows:-- 

A. Indol produced — Smith’s indol division. 

I. Saccharolytic — Communior section. 

II. Non-saccliarolytic — Communis section. 

B. Indol not produced — Smith’s non-indol division. 

We recognize the mistake which has been made with regard 
to the organism called Coscoroha, which, as originally described, 
belongs to the genus Pasteur ella — i.e., among the hexmorrhagic 
septicaemias, being a cause of disease and death in swans. By some 
mistake, years ago quite a different organism belonging to the Colon 
group received this name. In order to prevent confusion, we pro- 
pose to call the Colon type of Coscoroba by the name Escherichia 
pseiidocoscoroha Castellani and Chalmers, 1918. The species may 
be recognized as follows: — 
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Smith's Indol-Propucing Division. 

Durham’s Saccharolytic Conmunior Section. 


Dulcitol. 


Acid and gas. 


No change. 


Adonitol. 


Motility. 


Acid and gas. 


No change. Present, 


Motility. 


Motility. Inosite. 


Absent. Present. Acid and gas. 

Oxytocus. Metacoli. Pseudocoloidella. 


Absent. 

PseiidocoscoYoha . 


No change. 
Pseudocoloides. 


Present. Absent. 

Pseudocoli serum. Neapolitanus. 


Agglutination. Non-agglutination (late 

PscMdocol i . fermentation of saccharose) . 

Coliformis. 


Smith’s Indol-Producing Division. 
Durham's N on -Saccharolytic Communis Section. 
Dulcitol. 


Acid. 

Cavicida. 


Acid and gas. 
Salicin. 

I 


Acid and gas. 
Motility. 


No change. 
M etacoloides . 


I 


Absent. 

Inosite. 


Present. 

Coli. 


I 

Absent. 

, I 

Maltose. 


No change. 


Motility. 


Present , 
Maltose. 

_i 


No change. Acid and gas. 
Coloidellci. Coloides. 


Acid and gas. 
Paragrunthali . 


No change. 
Gyunthali. 


Acid and gas. 
Colitropicalis. 


No change. 
Vesiculosus. 
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Smith's Non-Indol-Producing Division. 

Tliis division contains only one organism, Escherichia coli mnia- 
bilis Massini, insufficiently described. 

TRIBE PASTEURELLEiE Castellani and Chalmers, 1918. 
Dsfinltion. — Bacillaceaewith good growth on ordinary media, with- 
out endospores, aerobic, without fluorescence or pigment formation, 
unable to liquefy gelatine, and (jram-negative, but vvdth polar staining, 

Type Genus. — Pasteur ella Toni and Trevisan, 1889. 

Genus Pasteurella Toni and Trevisan, 1889. 

Definition. — Pasteuielleae with the tribal cliaractcrs. 

Type Species. — Pasteur ella iholercegallinarum (Zopf, 1885). 

Remarks. — This genus was formed by Toni and Trevisan, and 
includes all the organisms of the luemorrliagic septica*mic group, 
and especially plague. It is to be noted tlmt Fasten i' ella coscoroba 
(Tretrop, 1900) belongs to this genus, as well 'ds Pas leur ell a pestis 
Kitasato and Yersin, 1894. The two great divisions, the animal 
and the human diseases, may be separated as follows: — 

A. No growth on MacOonkey’s medium containing glucose, Icvulosc 

galactose, or liiannitol — Animal group. 

B. Growth on MacConkey’s medium containing the above-mentioned 

su gars — Plague . 

This test must, liowever, be c(mhrm(‘d by animal inoculations. 

TRIBE PROTEGE Castellani and Chalmers, 1918. 

Definition. — Bacillaceie growing well on ordinary laboratory 
media, not forming endospores, aerobic, without fluorescence or 
pigment formation, but liquefying gelatine. 

Type Species. — Proteus vulgaris llauser, 1885. 

Classification. — The tribe may be divided into genera as follows 

A. Rapid gelatine liquehers; do not ferment lactose; mostly 

Gram-positive — Proteus. 

B. Slow gelatine liquehers; ferment lactose; Gram-negative 

— Cloaca. 

Genus Proteus Hauser, 1885, em. Castellani and Chalmers, 1918. 

Type Species. — Proteus vulgaris Hauser, 1885. 

Remarks. — These, organisms are of difficult classification, as the 
serological reactions are not always in accord with the biochemical 
characters. To this group belong- Proteus (see page 1336). 
Some sf)ecies may be separated as follows; — 

Saccharose. 

I 

No change. Acid and gas. 

Glucose. Maltose. 


No change. Acid and gas. Acid and gas. No change. 

Metadiffluens. Diffluens. Proteus. Paradiffluens. 
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Bacteria. 

Motility. 


Gelatine. 

Serum. 

Litmus 1 
Milk. I 

Lactose. 

Saccharose. 

Dulcite. 

Mannite. 

Glucose. 

Maltose. 

Dextrin. 

Raffinose. 

A rabinose. 

A donite. i 

B. acidi laclici 

0 

0 

0 0 

: AC 

|AG 

0 

0 

AG 

i AG 

AG 

AG 

AG 

AG 

AG 

Kuppe 
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1 

1 




1 

I 

1 




B. aerirykr Dc 

i + 
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0 0 

A, 

0 

0 

AG 

AG 

i 

i AG 

AG 

’ 0 

0 

AGs 

0 
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1 


j 
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0 

I 

0 1 0 

AC 

0 

0 

0 

0 

A 

0 
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+ 
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0 j 0 

A. 

0 

0 

AG 

AG 

AG 

AG 


0 

— 

0 

laiii and Chal- 


i 


Aik 











mers, 1918 















B. asiaticus Ca.s- 

0 

0 . 

0 C) 

A. 

0 

AG 

0 

AG 

AG 

AG 

AG 

AG 

AG 

0 1 

tellani, 1905 
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B. asiaticus mobiUs 

-f 

0 
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0 

AG 

0 
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AG 

Ac; 1 

AG 

AG 

AG 

0 1 

Castellani, 
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i 




1 

B. bcntotensis Cas- 


0 \ 

0 0 i 

A ! 

A 

A 

As 

0 ! 

A 

A j 

0 

As 

0 

0 

tellani, 1 912 
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i 
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0 

0 0 I 

AC ! 

AG 

AG 

0 

AG j 

AG 

AG 

AG 

AG 

AG 

AG* 

Pteiffer 

1 


1 











1 

B. caroiinus Cas- 

+ 1 

0 

1 

0 0 

A, 

1 

0 i 

0 

0 

A 01’! 

A or 

A or 


AG 

AG 

_ 1 

tellani 

j 



Aik: 

1 



AGj 

AG 
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B. cavicida Bricgcr 

+ 1 

i 1 

i 

0 , 

0 0 

! 

AC 

AG I 

0 

AG 

AG 

1 

AG 

0 

AG 

AG 

AG 

0 1 

1 

B. ceylonensis A 

i 

0 1 

0 

GO' 

AC i 

U 

0 

0 

1 

0 

A 

0 

0 

0 

0 

0 

Castellani, 1905 
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B. ceylonensis B 

0 ! 

(J : 

0 0 

AC 

A 

A 

A 

A i 

A 

A 

A 

A 

A 

0 : 

Castellani, 1905 















B. cloaccB, Jordan 

+ ; 

0 

+ -}- 

AC 

AG 

AG 

0 

AG 

AG’ 

AG ; 

AG . 

\G 

AG 

0 



Inulin. 
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AG 
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o 
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Remarks. 


O iAG ' O I A 


0 

— 

A 

A 

— 

0 


■ - 

■ - 

0 

- 

- 

0 

— 

AG 
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— 

— 


— 

— — 

+ 

+ 

Gt 

(.) 

AG 

AG 

AG 

0 

0 

0 

AG 

0 1 AG 

+ s 
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Gt 

0 

AG 

AG 

AG 

0 

0 

0 

AG 

0 iAG 

+ S 


Gl 

u 

0 
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A 

A 

As 

0 

0 

0 : A 

+ 

0 

Gt 

0 

AG 

AG 

AG 

AG 

— 

-- 


— i “ 

+ 

+ 

Gt 

G 

A 

AG 

AG 

— 

1 

i 

— 


• - — 

+ 

0 

Gtor 

+ 

0 

’ 

AG 

AG i 

0 

A 


' : 


+ 

0 


0 ! 

0 

0 

0 

0 

0 

0 

0 ! 

j 

0 0 

0 

0 

Gt 

0 ' 

A ; 

A 

A 

0 

0 

0 

A i 

j 

0 A 

+ 

0 

Gt 

0 

i 

AG 

AG 

AG 

A or 
0 

0 


1 

0 — 

+ 

+ 

Gt 


Gt Belongs to the capsulated 
I bacilli ; differs from B. 

lactis aerogenes in not 
j fermenting inosite; dif- 

' fers from B. coli tropi- 

calls in being capsu- 
lated and in fermenting 
[ adonite and not fer- 

I mentingsalicin. 

O ori O Gt Identical culturally and 
+ s i serologically with B. 

' suipesHfer ; identical 

culturally with B. cn- 
irritidis Gaertncr (dif- 
ferentiation by agglu- 
! tination tests) and B, 

paratyphosus B (dif- 
ferentiation by Castel- 
lani's absorption test; 

I agglutination not suffi- 

cient). 

Very slow and scanty 
growth on agar. 


only in being motile. 

Capsulated, probably 
identical with B. lactis 
aerogenes. 


first as non - motile ; 
differs from B. coli in 
not fermenting maltose. 


Liquefaction of gelatine 
very slow. The import- 
ant intestinal liquefy- 
ing bacilli may be 
grouped as follows : ( i ) 
lactose fermenters (B. 
cloacce ) ; (2) lactose non- 
fermenters, Gram-f- (B. 
proteus vulgaris) ; (3) 
lactose not fermenters, 
Gram O (B. diffluens). 
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lani, i (){7 


A. columbensis 
Cast ellani, 


JJ . cos cor oh a' O 
( --B . pseudo- \ 
coscoro ha) 

Ca s 1 (! 1 1 a n 1 
and Clial- 
mers 


B. danysz 


B. dijfluens + 
Castcllani.l 

1915 

B. douglasi\ O 
Castellani I 
and C h a 1 - 
mers, 1918 
B. dysenteries O 
Flexner 

jB, dysenteric O 
Hiss and 
Russell I 

B, dysenteries O ; O 
Shiga- Kruse 
B, dysenteries | O O 
Strong ; j 
B enttricusCsiS- O i O O 
tellani, 1911 1 ! 


I 


O 0 ; O jAvs,|Oor| O 
!Alk,|Gvs 
iD or! I 

' i ^ 'i I 

C) O O ; AC i AG i AG 


1 .• 

1 ^ 

Bacteria. 1 

0 

Gram. 

Gelatine. 

Serum. 

1 _ 

Litmus 

1 Milk. 

Lactose. 

Saccharose. 

Dulcite. 

Mannite. 

Glucose. 

Maltose. 

Dextrin. 

Raffinose. 

A rahinose. 

s 

B. coagulans 0 
Castellani 

0 

0 

0 

AC 

0 

0 


0 

AG 

AG 

— 

— 

— 

— 

B. coli Esclie- j + 
rich 1 

0 

0 

0 

AC 

AG 

0 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

0 

B. coli muta- 0 
bilis Massini 

0 

0 

0 

! 

AC 

AG 


0 







0 

fi.colotdesv^.Y. \ 0 

A Castellani 

0 

0 

; 

AC 

AG 

0 

AG 


AG 

AG 

— 


— 


B.coloidesv?iY. \ Q 

B Castellani 

0 

0 

0 

^ AC 

AG 


AG 

— 

AG 

AG 

— 

— 

— 

— 

B. colotropica- \ 0 
lis Caste 1- 

0 

0 

0 

AC 

AG 

0 

i 

0 

AG 

AG 

AG 

AG 

AG 

1 

AG 

0 


Ag! AG 


O AG 


AG I AG ! As i 0 

i ! Gs ! 


AG AG I AG ! AG 


O 

O 

O 

O 


Aik, O ; O 
D ! 

Aik O I O 


O i( ) or I AG O 

i A i : 


o o 


; A. ; o 
I Aik, 

: A, o 
Aik 


O O 
O O 


O O ; A, , O ! O O 

■ ‘ Aik ^ I 

O O AC : O i A A 


A 

A 

O 

A 


A ; O 
A I 0 


0 O 


lOor' O 
As i 
O ! A 


I 


O o AG O AG jAG AGlAGjAGs OD 


AG 


AG 


O or 

Avs 


A 

A 

O 

A 

AG 


O i 

O ! 

O 
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s 

ss 

Sorbite. 

Galactose. 

Levulose. 

Inosite. 

Salicin. 

1 

1 

Isodulcite. 

Erythrite. 

Glycerine. 

Indol. 

tJ) 

to 

Broth. 

Remarks. 

0 

AG 

AG 

— 

— 

— 

— 

— 
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— 
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— 

0 

AG 

AG 

AG 

0 

AG 

0 

AG 

0 

AG 

4- 

0 

Gt 

— 

0 

— 

— 

— 

— 

— 

— 

— 

i 

— 

0 

— 

— 

Incompletely described ; 
late lactose fermenter 
(after six days); said 
not to produce indol. 


— 

— 

— 

0 

ALt 

— 

— 

— 

— 

— 


— 

— 


— 

— 

— 

AG 

AG 

— 


!- 

— 

— 

— 

-- 

— 

0 

AG 

AG 

AG 

0 

AG 

0 

AG 

0 

AG 

+ 



Differs from coli in be- 
ing non-motile and in 
non-fermentingdulcite ; 
from B. neapolitanus in 
not fermenting saccha- 
rose and dulcite. 

0 

AG 

AG 

AG 

0 

AG 

0 

AG 

0 

AG 

+ 

0 

Gt 



AG 

AG 


A 

1 





0 

1 


Differs from B. coli tropi- 
calls in fermenting sac- 
charose; certain 
authors use the term B. 
coscoroba to indicate a 
different germ with all 
the characters of the 
fowl cholera bacillus 
(pasteurella) . 









i 

1 

j 

i 



i 


Culturally and serologi- 
cally identical with B. 
enteritidis Gaertner 

(Bainbridge). 

0 


AG 

A 01 
AG 

1 

0 


i 


A 

0 


Gt 

See remarks on B. cloaca. 
Some strains clot and 
peptonize milk. 
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0 

A 

A 

— 

0 

i 

1 

0 i 

0 

0 

i 

0 

] 

+ 

— 

— 

— 

0 

0 

A 

A 
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1 

0 

0 
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0 

0 
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0 

A 

A 

A 

— 

0 

0 

1 

A 

0 

0 

+ 
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0 

AG 
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Gelatine. 

Serum. 

Litmus 
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Saccharose. 

Dulcite. 

Mannite. 

Glucose. 

Maltose. 

Dextrin. 

Raffinose. 

A rabinose. 
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B, enteritidis 
Gaertner 

+ 

0 

0 

0 
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Aik 

0 
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AG 

AG 

AG 

AG 

AG 

0 

AG 

(J 

B. fcBcalis alka- 
ligenrs Pc- 
trushky 

+ 

0 

0 
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Aik 
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0 

C 

B. fcBcaloides 
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+ 

0 

0 

0 

Aik 

0 
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0 

A 

A 

A 

A 
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A 

0 

( 
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0 
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AC 
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A 
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0 
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AC 

0 

0 

0 

0 

A 

0 
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0 

A 

( 
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0 

0 

0 

0 
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Aiks 

A 

0 

0 
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AG 

AG 
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0 

AG 

( 
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AC 

AG 

0 

0 

AG 

AG 

— 

AG 

AG 

AG 

( 
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+ 

0 
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0 

i 

A, 

Aik 

0 

0 
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AG I 

AG 

AG 

AG 
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A 

A or 
AG 


B.kandiensisCdu- 
tellani, 1912 

+ 

0 : 

0 

i 

As, : 

D, 

Aik 

0 

As 

0 

A 

A 

0 

0 


0 


B. khartoumensis 
Chalmers and 
Macdonald, 

1915 

0 

0 i 

0 

0 1 

A 

AG 

0 * 

AG 

AG 

AG 

AG 

0 

0 1 

1 
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B. tact is airo- 
genes Esche- 
rich 

0 

0 ; 

0 

0 

AC 

AG 

AG 

0 

AG 

AG 

1 AG 

AG 

AG 

AG 

I 

B. levans Wolf- 
fin 

p 
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P 

— 

AC 

AG 

0 

0 

AG 

AG 

— 1 

AG 

AG 

AG 


B.lunavensisCds- 
tellani, 1912 

0 

0 

0 

; 0 1 
i ! 

As, 

Aik 

0 

A 

0 

0 

A 

, 1 

A 

A 

0 

A 


B. madampensis 
Castellani.ioi 1 

0 

0 

1 0 

, 

i ' 

AC 

A 

A 

0 

A 

A 

A 

A 

As 

A 


B. meia alkali- 
genes Castel- 
Iani,;i9i5 

0 

0 

0 

1^1 

i 

Aik 

Aik 

Aik 

Aik 

Aik 

Aik 

Aik 

— ■ 

: — 

— 


B. m et a c 0 1 i 
Castellan i 

1915 

p 

0 

0 

0 

AC 

i 

1 

AG 

AG 

AG 

, 

AG 

AG 

AG 

AG 

AG 

AG 
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Remarks. 
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1 A 
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0 
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0 
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— 

~ 
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- 
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0 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AG 

AG 

AG 

0 

AG 

0 

AG 

0 

As 

+ 

0 

AG 

AG 

AG 
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— 

-- 

0 

— 

+ 

0 

AG 

AG 

AG 

— 
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— 

— 

+ 

0 

0 

A 

A 

A 

0 

0 

A 

A 

A 

0 
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AG 

AG 

AG 

1 

0 

AG 

0 

1 

— 

— 

AG 

+ 

0 ' 

AG 

AG 

AG 

AG 

AG 

1 

— 

— 

— 

^ ! 

AG 

AG 

AG 

AG 

0 

AG| 


— 

0 
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0 

0 

A 

A 

0 

^ i 
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0 

0 

Avs 

+ 

1 

0 

A 

A 

A 

0 

0 1 

0 

A 

0 

A 

+ 

— 

— 

Aik 

Aik 

— 


— 

— 

— 


± 

0 

AG 

AG 

AG 

AG 

1 

AGi 

i 

. . 1 
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AG 

0 

AG 

1 

1 

+ 


— Gt Identical culturally with 
B. suipestifer ( — B. 
acriryke) and B. para^ 
typhosus B: diHers sero- 
I logically. 

O Gt Thetypical^./^Jca/wa/Aa- 
ligenes produces strong 
alkalinity in all sugar 
I broths, but certain 

I strains are said to pro- 

duce slight acidity in 
! glucose and maltose. 

I Some strains peptonize 

I milk. 


It is probably very 
similar to B. colotropi- 
calls, but indol O. 


0 Gt Considered to be identical 
or with suipestifer, but 
Gt P complete serological 
tests have not been 
carried out. 


tici in fermenting ino- 
site. 


Gt Differs from B. fcB$alis 
alkaligenes in being 
; non-motile. 

Gt jDiffers from B. pseudo^ 

\ coll in fermenting ino- 
site. 
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e 

V 

0 

1 

1 . 

1 

1 

i 

! ^ 

Serum. j 

Litmus 

Milk. 

Lactose. 



Saccharose. 

Dulcite. 

S 

e 

s 

Glucose. 

Maltose. 

Dextrin. 

Raffinose. 

Arabinose. 

' 

B. metacoloides 

-f 

0 

0 

0 

AC 

AG 

0 

G 

AG 

|AG 

AG 

AG 

AG 

AG 

; 0 

Castellani 
















' B. metadiffluens 

-f- 

0 

+ 

-f 

Aik 

0 

0 

0 

0 

1 ^ 

1 0 

0 

; 0 

p or 0 

Castellani 













i 

1 

AS 

i 

B. metadysen- 

0 

0 

0 

0 

A or 


1 A 

0 or 

A 

A 

! A 

— 


— 

j 

tericus Cas- 





Aik 



As 







1 

tellani, 190^, 











1 


i 

1 


! 

var. A 
















B. meiadyseH’ 

0 

0 

0 

0 

A, 

A 
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0 oriO or 

A 

: A 

— 

— 

— 

— 

tericus Cas- 





Aik 
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1 
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0 

0 

0 

0 

A, 

As 10 or 
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■ As 

— 

1 — 

— 
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Aik. 


Avs 

Avs IAvs 
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0 
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0 

0 

A, 

A 

A 

A 

A 

A 

A 

— 

— 

_ 

— 
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0 

0 

0 

0 

0, 

0 

0 

0 

0 

AG 

0 oriO or 
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0 or 

0 

Castellani 
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A 

'A 


A 


and Chalmers, 
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1918 
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B. neapolitanus ' 

0 

; 0 : 

0 

0 

AC 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

0 

Emmerich j 


1 ; 
1 1 
1 ; 
1 





j 
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B. negombensis 

0 

0 

0 

0 

0, 


0 J 

0 

0 

A 

0 

0 

0 

0 

0 

Castellani, 1 910 
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Aik 
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B. oxytocus per- \ 

0 

0 \ 

0 i 

0 

AC 
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AG 

AG 

AG 

AG 

— 

AG 

AG 

AG 

AG 

niciosus Wys- 
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1 






B. para-aertryke j 

4- 

0 

0 

0 i 

A. 

0 

0 

AG 

AG 

AGl 

AG 

0 

0 

AG 

0 
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0 

0 i 
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0 

0 

0 

0 

AG 

AG 

AG 

AG 

AG 

AG 

AG 

0 
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j 
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B. paracoagu- 

0 

0 


0 

AC 

0 

0 

0 

AG 

AG 

AG 



AG 

AG 



Ians Castel- 


1 

0 j 
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I 
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B, paracolon 

+ 

1 

0 

0 

A, 

0 

0 

A 

AG 

AG 

AG 

AG 

AG 

AG 

— 
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i 

Aik, 











J 5 . paradifflu- 

+ 

0 

+ 

+ 1 

Aik 

0 

AG 

0 ( 

0 or 

AG 

0 
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0 
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i 

I 
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s 

Sorbite. 

Galactose. } 

Levulose. 

— ' 

Inosiie. 

Salicin. 

Amygdalin. 

s 

o 

tr, 

4 ' 
< : 

^ ■ 

Glycerine. 

5i 

Voges- { 
Prosk. j 

"o 

Remarks. 

0 ! 

AG j 

AG 

ag| 

0 j 

^ ! 

0 

AG 

0 

AG 

+ 

— 

i 

— 

0 1 

_ 1 
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0 

— 

— 

_ 

— 

— 
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— 

0 


As 

A 



— 




+ 

— 

Gt 
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A 

A 



— 
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— 

+ 

— 

— 
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— 

A 

A 

__ 

-- 
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0 

— 

— 
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— 

A 

A 


— 

— 

^ — 

— 

— 

+ 

— 


- 

U 

0 

A oTjA or 
AGs 'AGs 


0 

0 

0 

0 

0 

+ + 

0 

Gt 

— 

0 

AG 

AG 

AG 

0 

AGs 

0 

AGs 

j 

0 i 

AGs 

; + 

0 

1 


i 

1 Differs from B. coli in be- 
ing non-motile and in 
fermenting saccharose; 
from B. pseudo-coli in 
i being non-mo tile; from 
B. colotropicalis in fer- 
menting dulcite and 
saccharose. 

0 

0 

A 

As 

0 

0 

0 

O 

O 

0 1 

o 

i o 
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! ~ 

AG 

AG 

AG 
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AG 

AG 

0 

I AO 

i 

AG 

+ 

+ 

i 

— 

— 

<) 

AG 

AG 

AG 

i 

AG 1 

0 

o 

jAG 

0 

AG 

o 

i 

o 

Gt 

— 
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AG 

AG 

i 

AG 

0 ■ 

i 

1 

0 

0 

AG 

o 

i 

0 

+ s 

0 

Gt 

Differs from B. asiaticus 
in not fermenting sac- 
charose and in ferment- 
ing dulcite. 
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A 

AG 

AG 
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— 

— 

. 
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— 

1 + 

o 

Gt 
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AG 

AG 

AG 
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~ 

+ 

o 
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i 
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0 

V 

« 

5 

w 

8 

0 
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0 

.8 

Bacteria. 
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8 
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0 
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Abbreviations used in the above Table. — A=acid; G=gas; C = clot; D --decolorized; 
Peptonized (milk) pellicle (broth); VS = very slight; 0~ negative result — viz., neither acid 
liquefaction of gelatin or serum as the case may be; + =positive result; ± —sometimes 
The new nomenclature has not been used in this table. 
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Classification difficult, 

> the germ being poly- 
morphic , vibrio - like, 
bacillus -like, lepto- 
thrix-like, spirilloides- 
like, hence its various 
generic names : bacillus, 
vibrio, spirobacillus, 
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Alk=Alkaline: S=slight; A. Alk=Acid then alkaUne; Gt=general tnrbidily; P- 
nor clot in milk, neither acid nor gas in sugar media, non-production of mdol, non- 
positive, sometimes negative. 
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Genus Cloaca Castellani and Chalmers, igi 8 . 

Type Species. — Cloaca, cloaca Jordan, 1890. 

Remarks.— Two species are known, C. cloaca Jordan and C. 
levans WoJffin, but they are not important in tropical medicine. 
They may be recognized as follows: — 

Saccharose. 


Acid and Gas. No change. 

Cloaca os. Levans. 

TRIBE BACTERlDIEiE Castellani and Chalmers. 

Definition. — BacillacecL growing well on ordinary laboratory 
media, without eridospores, and cither fluorescent or chromogenic. 

Type Genus. — Bacicridium Scliroeter, 1872. 

Remarks. —Two distinct groups belong to this tribe — viz., the 
fluorescent and the chromogenic- -but we are only concerned with 
the latter, to which the type genus belongs. 

Genus Bacteridium Scliroeter, 1872. 

Definition. — Bacteridieje which are chromogenic. 

Type Species. — Bacteridium prodigiosum (Ehrenberg, 1838). 

Remarks. — Altliough we are not particularly concerned with this 
genus as a whole in the tropics, still there is one species — Bacteridium 
pyocyaneum Gessard, 1882, synonym Bacterium ceruginosum 
Schroeter, 1872 — which is the organism of bluish-green pus. 

It is a common intestinal parasite in the tropics, and is moderately 
common in pus in Ceylon, India, and the Anglo-Egyptian Sudan. 

It is a small motile rod, which becomes pleomorphic if grown on 
media containing carbolic or boric acids. It only produces its 
bluish-green pigment when grown aerobically. 

It produces acid, but no gas, in glucose, and no change in maltose, 
dulcitol, or salicin. Litmus milk is rendered alkaline and not 
clotted. 

TRIBE GRACILOIDEzE Castellani and Chalmers, 1918. 

Definition. — Bacillaceae growing very slowly and scantily on 
ordinary and blood media, without cnclospores or capsules, neither 
fluorescent nor chromogenic. 

Type Qm\iS,-~Graciloides Castellani. 

Genus Graciloides Castellani, 1917. 

Definition. — GraciloidecB with the tribal characters. 

Type Species. — Graciloides alhojaciens Castellani, 1904. 

Glassification. — Two species have been so far described, which 
may be recognized as follows: — 

A. Litmus milk rendered acid and clotted — Alhojaciens. 

B. Litmus milk decolorized or peptonized — Tardus. 
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TRIBE BACTEROIDEiE Castellani and Chalmers. 

Ddflinition. — Bacillaceae with good growth on ordinary laboratory media, 
without endospores, fluorescence, or pigment formation, and obligatory 
anaerobes. 

Type Genus. — Bacteroides Castellani and Chalmers, 1918. 

Genus Bacteroides Castellani and Chalmers, 1918. 

Definition, — Bacteroideae with the tribal characters. 

Type Species. — Bacteroides fragilis Veillon and Znber. 

The type is found in abscesses from various parts of the body. Another 
species is the well-known Bacteroides fusxJormU of Le Dantec and Vincent, 
found in hospital gangrene, and in Vincent’s angina and many other conditions, 
as well as in the mouths of healthy persons and in the tartar on teeth. 

Some of the intestinal forms are given on p. ^,60. 

TRIBE BACILLEiE Castellani and Chalmers, ^918. 

Definition. — Bacillaceae growing well on ordinary laboratory media and 
possessing endospores. 

Type Genus. — Bacillus Cohn, 1872, pro parte. 

Genus Bacillus Cohn, 1872. 

Definition. — Bacillcae with the tribal characters. 

Type Species. — Bacillus subtilis (Ehrenberg, 1833). 

Classification. — The genus may be divided into two groups as follows; — 

A. Aerobes — Subtilis group. 

B. Obligatory anaerobes — Tetanus group. 

Only the latter concerns us at present. 

Tetanus Group. 

The group may be divided into subgroups as follows: — 

A. Gelatine liquefied: — 

I. Inspissated blood serum not liquefied: — 

(a) Little or no gas in milk; white of egg not sensibly affected. 

Usually motile — Subgroup Quarter Evil. 

(b) Much gas in milk; white of egg slightly affected. Usually 

non-motile — Subgroup Saccharolytic. 

II. Inspissated blood serum liquefied: — 

White of egg digested — Subgroup Proteolytic. 

B. Gelatine not liquefied : — 

Inspissated blood serum not liquefied. White of egg not digested 
— Subgroup Non-liquef active. 

Subgroup Quarter Evil. 

Synonym. — Rauschbrand group. 

Definition. — Tetanus group usually motile, liquefying gelatine, non-pro teo- 
lytic, and do not liquefy inspissated blood serum. Clotting milk without 
much shrinkage. Citron and bladder forms occur. Spores usually central. 
Classification. — The organisms of this group may be recognized as follows : — 

A. Toiig threads present — Vibrion septique. 

B. Long threads absent; — 

I. Saccharose fermented — Feseri. 

II. Saccharose not fermented: — 

ia) Spores rare in animals — Novyi. 

\b) Oval end spores present — Endrsporing types. 
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Remarks.—Bflt«//«5 feseri (Trevisan, 1885, the causal organism of quarter- 
evil, is the same asB. chauvai Arloing, Cornevin, and Thomas, 1887; B. car- 
honis Migula, 1900; B. anthracis symptomatici Kruse , 1896; and theBacillus of 
Rauschhrand auctores. 

The Vihrion septique of Pasteur is the same as the bacillus of Ghon and Sachs, 
and has been i^ gangrene ; it really covers a group of strains which 

agree in morphology and in cultural characters, as well as in pathogenicity 
but their agglutinative reactions are different. 

Subgroup Saccharolytic. 

Synonyms. — Welchii subgroup ; Perfringens subgroup. 

Definition.— Tetanus group, liquefying gelatine, usually causing stormy 
fermentation in milk, in which spores are not formed. Do not blacken meat 
or liquefy blood serum. 

Classification. — The following organisms belong to this group: — 

1. B. welchii Migula, 1900. (Synonyms: — B. perfringens Veillon and 

Zuber, 1898; B. aerogenes capsulatus Welch and Nuttall, 1892; B. 
phlegmonis emphysematosi Fraenkel, 1902; B. sac''harobutyricus 
immohilis Schattenfroh and Grassberger, 1900; B. enteritidis sporo^ 
genes Klein, igi pro parte. This organism is merely a mixture of 
B. welchii and B. sporogenes, Achalme's bacillus.) 

2. B . fallax Weinherg, 1915. 

3. B. osdematiens Weinberg and Sequin, 1915. 

4. B. aerofetidus Weinberg, 1916. 

They may be differentiated as follows: — - 

A. N on-motile : — 

Saccharose and lactose fermented, but salicin not fermented — 
Welchii. 

B. Feebly motile in cultures, more motile in tissues : — 

I. Saccharose and salicin fermented, but lactose not fermented — 
Fallax. 

II. Saccharose not fermented, but lactose and salicin fermented — ■ 
Aerofetidus. 

III. Saccharose, lactose, and salicin not fermented— CEiema/i^ws. 

Subgroup Proteolytic. 

Definition. — -Tetanus group liquefying gelatine and inspissated blood 
serum. Meat media blackened. Milk usually digested without forming a 
clot. Colonies grow out in long tangled filaments. 

Classification. — The following organisms belong to this subgroup: — 

1. B. tetani Fliigge, 1886. 

2. B. sporogenes Metchnikoff, 1908. [Synonyms : — B. cadaveris sporo- 

genes Klein, 1901; B. cedematis maligni Koch, 1881; B. enteritidis 
sporogenes Klein, 1895, pro parte: B. putrificus coli Bienstock, 1906.) 

3. B. hotulinus van Ermengem, 1898. 

4. B. Weinberg and Sequin, 1916. 

They may be differentiated as follows 

A. Dense white balls in four to five days in meat media .• - 

Very few large subterminal spores in culture. Pathogenic for 
laboratory animals — -Histolyticus. 

B. No formation of white balls in meat media 

I. Non-pathogenic for laboratory animals:- - 

Central, subterminal, or terminal spores a marked feature in 
cult ures — Sp orogenes . 

II. Pathogenic for laboratory animals : — 

(a) Spores oval, central, or terminal — Botulinus. 

(b) Spores round and terminal — Tetani. 
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Subgroup Non-Liquefactive. 

Definition. — I'ctanus group, motile, not liquefying gelatine or inspissated 
blood serum, and do not blacken meat media. 

Remarks, — This group includes: — 

1. B. tertius Henry, 1917. found in gas gangrene. (Synonyms : — 

B. y. Fleming, 1915; B. von Hibler IX.; B. rodella III.) 

2. B, von Hibler VII. 

3. B. amylobacter Gruber, 1887. 

Classification. — These oiganisms may be recognized as follows: — 

A. Attack milk slowly, forming a soft clot after a long period : — 

1 . Spores usually central — Von Hibler VII . 

II. Spores typically terminal — B. tertius. 

B. Attack milk, forming tough clot, broken by gas — Amylobacter. 


FAMILY 8: SPIRILLACE^ Migula, 1900. 

Definition.— Eubacteriales with cells spirally curved or repre- 
senting part of a spiral; division in one direction. 

Type Genus. — Spirillum Ehrcnberg, 1838. 

Classification.^ — The family may be divided into the following 
genera: — 

A. Non-motile, comma-shaped, or spirally curved filaments, rigid, with- 

out flagella — Genus 1, Spirosoma Migula, 1900. 

B. Motile, short, slightly curved, rigid, comma-like, sometimes in chains, 

with one, rarely more, flagella at one end, seldom at both ends — 

Genus 2, Vibrio O. I*'. Muller, 1773, emendavit Loeffler. 

C. Motile, long, spirally curved, usually with a bunch of polar flagella 

composed of long and short forms — Genus 3, Spirillum Ehrcnberg, 

1838, emendavit Loeffler. 

Remarks. — Wc are only concerned with the genus Vibrio, which 
contains the cholera and paracholera organisms. 

If the spirochaetes were to be considered to be bacteria, they would be 
classified here under the name Spiroiiema. 


Genus Vibrio 0 . F. Muller, 1773. 

Definition. — Spirillacc«'e motile, with short comma-like cells, 
possessing one, rarely more, flagellum at one, rarely at both 
ends. 

Type. — It is difficult to decide which is the type of this genus so 
defined. 

Remarks. — The important species is the Vibrio comma Koch, 1884, 
which is the cause of Asiatic cholera, but there are many other 
which cause paracholera— V. gindha, Pfeiffer, 1896; F. kegal- 
lensis Castellani, 1913 ; V. insolitus Castellani, 1913, etc. 

Classification. — The genus may be divided into aerobic groups 
as follows: — 
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The Aerobic Groups of the Genus Vibrio O. F. Muller, 

EMENDAVIT LoEFFLER. 


Phospliorescence . 


Present. 

/. Albensis group. 


Absent. 

Gelaline. 


Liquefied. Not liquefied. 

1 VII. Terrigenus group. 

Pigment formation in alkaline. 

Peptone water. 


Absent. 

.L . . I 

Cholera immune scrum. 
Dilutions of, or greater than, i in 200. 


Present. 

VI. Drennani group. 


Agglutination. 
II. Cholera group . 


Agglutination absent or unknown. 
Growths in gelatine stabs. 


I 


Resembles true cholera. 

Pigeon patliogenicity. 
Small intramuscular injections. 


Does not resemble true cholera. 
V. Finkler-Prior group. 


Quickly lethal. 

III. Metschnikovi group. 


Effect slight, negative, or unknown. 
IV. Gindha group. 


Only the cholera and the gindlia groups concern us. 


Cholera Group. 

Ruffer classifies the strains of tlie cholera group as folkiws: 

Scries I, — A. Cholera immune serum. 

1. Agglutination positive. 

2. Castellani's saturation positive. 

3. Pfeiffer's reaction positive. 

4. Complement fixation positive. 

B. Hccmolysis negative. 

Series II., El tor vibrios. — A. Cholera immune serum. 

1. Agglutination positive. 

2. Castellani's saturation positive. 

3. Pfeiffer's reaction positive. 

4. Complement fixation negative. 

B. Haemolysis strongly marked. 
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Series JJ/.— A. Cholera immune serum. 

I Agglutination positive. 

2. Castellanos saturation negative. 

3. Pfeiffer's reaction negative. 

Comi)Iement fixation positive. 

B. liauiiolysis feeble and late. 

The bacteriological characters of tlie usual vibrio are to be found in 
every textbook on bacteriology. 

Gindha Group. 

This group may be divided into species as follows : — 

Nitrate Reduction and Indol Formation. 


Both present. 


One or both absent. 


Blood sernni. 
Liquefaction. 


Nitrate reduction. 

i . 


Rapid. 

I. Cindka. 


Slow. 

Wicseckensis. 


Not known. 

Potato. 

Growth. 


Absent. 

Milk. 


Ik vi dent . Not evident. 

I 5. Striatus. 

Colour. 


Greyi.sli. Brown. 

3. Sputigenus. 4. Liqiicfaciens. 


Acid and clot Slight acidity, 

in forty-eight Peptonized above, 
hours. Clotted below. 

I 

Potato. 

Yellowish growth. 

6. M^olfii. 

Kegallensis serum. 


Agglutination. No aggutination. 

7. Kegallensis. 8. Insolitus. 


The names of the eight species so differentiated are: — 

1. V . gindha (Pfeiffer, 1896). 

2. V. liquefaciens (Migiila, 1900). 

3. V . wieseckensis (Migula, 1900). 

4. V. striatus (Migula, 1900). 

5. F. a’oZ/iz (Migula, 1900). 

6. V . sputigenus (Migula, 1900). 

7. V. kegallensis vg\ paracholercB (Castellani, 1913). 

8. V. insolitus (Castellani, 1913). 

Of these, the first and the last two have been associated with para- 
cholera, to the exclusion of other organisms. 
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FAMILY HTOOBACTERIACE/B Chester, 1901. 

Definition. — Eubacteriales with short or long cells, cylindrical 
or filamentous, without a sheath, but often clavate, cuneate, or 
irregular, and often with enclosed granules. 

Type Genus. — Mycobacterium Lehmann and Neumann, 1896. 

Remarks.— Chester created this family to hold such forms as the 
diphtheria germ, the tubercle bacillus, and the nocardias. 

The latter we classify with the Fungi imperfecti, and probably the 
other organisms, especially the tubercle bacillus, should join them; 
nevertheless, for the time being, we keep them in Chester’s 
family. 

Mycohacterium becomes the only genus of the family, as Chester 
included with it the Corynebactcrium of Lehmann and Neumann. 

Genus Mycobacterium Lehmann and Neumann, 1896. 

Definition. — Mycobactcriaceai with the characters of the 
family. 

Type Species. — Mycohacterium leprae (Hansen, 1874). 

Remarks. — From our point of view there arc two divisions of the 
genus which arc of importance — viz: — 

A. Acid-fast when stained by Ziehl-Neelsen’s method. 

B. Not acid-fast when stained by Ziehl-Neelscn's method. 

The former include the tubercle and the leprosy bacilli, which may 
be distinguished by the latter being present in very large numbers 
in the leprotic nodules, and being very resistant to decolourization, 
while the former arc but few in a cell and relatively easier to de- 
colourize. Moreover, the leprosy bacillus can be readily stained by 
Gram, while the tubercle is difficult to stain properly. 

The tubercle bacillus can be cultivated, but so far there is a doubt 
as to the leprosy bacillus ever having been cultivated. 

The other group contains the diphtheria bacillus. The names of 
these three organisms are: M. leprcc (Hansen, 1874) ; M. diphthericB 
(Klebs, 1883) ; and M. tuberculosis (Kocli, 1882). 

In addition the Mycohacterium malei (Loeffler, 1886), the cause of 
glanders, may be mentioned, as Whitmore has described a fever in 
Rangoon characterized by broncho-pneumonic symptoms and often 
multiple abscesses, which is due to a closely allied organism intro- 
duced into the body while injecting morphine subcutaneously. 
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CHAPTER XXXVII 

FUNGACEiE^^PHYCOMYCETES 


Preliminary — Fnngacea3 — Phycomycetes — Zygomycetes — Miicorales — 

References. 

PRELIMINARY. 

The study of fungi, or mycology, as it is often called, includes 
macroscopic and microscopic forms. The microfungi are those 
which principally cause disease, which, for this reason, is termed 
a mycosis. Thus ‘ otomycosis ’ means a mycosis of the ear, and 
' mucormycosis ' a disease caused by a mucor, which is a fungus 
known to Malpighi in 1686. 

The study of the microfungi began in the days of Charles II., when Hooke 
in 1677, made a lens with which he examined the blighted or yeliow specks on 
the leaves of the damask rose, and made excellent drawings of the micro- 
fungi which he saw. Mis book contains a chapter devoted to the ‘ Blue 
Mold and the First Principles of Vegetation arising from Putrefaction.’ 

Malpighi, in i686, has a chapter devoted to ' Plantis quae in alliis vegetant,' 
in which he refers to mucedo. 

Ray, in 1706, in his ‘ Historia Plantarum/ describes Piloholiia crystallinus, 
one of the Mucoraceae, which has beautiful crystalline sporangia on yellowish 
sporangiophores, and of wliich Plukcnet in 1720 gave the first illustration. 

Micheli, in 1729, named and gave a scientific account of the genus Mucor, 
as well as of Aspergillus and many other fungi. 

Linnaeus, in 1753, in his ‘ Species Plantarum,’ made a resume of knowledge 
up to that date; and Hudson, in 1762, described mucors in his ‘ Flora Anglica ’ : 
while Lightfoot in his ‘ Scottish Flora,' published in 1777, mentioned the 
ascomycete-sphaeria. Pelham (1785), Withering (1795), Dickson (1785-1801), 
and Hill (1796), all contributed to the knowledge of microfungi, which was 
slowly growing, as did Batsch, in 1783, in Germany, and Bulliard, in 1791, 
in France. 

This slow but sure progress now became very rapid, and the only way in 
which we can trace its evolution is by mentioning the great systematic works 
which are of use for reference. 

They are Persoon (1801), ‘Synopsis Methodica Fungorum Link (1824), 
‘ Caroli Linne Species Plantarum,’ Editio Quarto, tomus vi., p. i; Fries (1821- 
1829), ' Systema Mycologicum Nees von Esenbeck and Henry (1837), ‘ Das 
System der Pilze; Kiitzing (1849), ‘ Species Algarum Charles Robin (1853). 
‘ Vegetaux Parasites Kiichenmeister (1857), ‘ Animal and Vegetal Parasites 
of Man Fuckel (1869-1870), ‘ Symbolae Mycologiae ’; Eidam (1872), ‘ Myco- 
logie Naegeli (1877), ‘ Die Nicderen Pilze.’ 1 , j » 

In 1881 Winter, Rehm, Fischer, and Lindau’s ‘ Die Pilze Deutschlands, 
etc., began to appear, and in 1886 Saccardo’s great work of reference, the 
Sylloge Fungorum,* began. Both have continued down to the present 
period. In 1890 Zopf’s oft-quoted work, ‘ Die Pilze,’ was published, 

1900 Engler and Prantl’s ‘ Pflanzenfamilien.' In 1907 Vuillemin started ms 
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new classification in liis paper, ‘ Les Bases actueUes de la Systematique en 

now the systematic study, we turn to the discovery of forms 
parasitic in man. beginning with the ringworm discoveries of Remak (1837), 
Schonlein (1837), Gruby (1842), and Malmsten (1845), and passing through 
the days of Carter and Manson to those of Sabouraud, Brumpt, De Beurmann, 
and Gougerot, down to the last, and by no naeans least, Pinoy, whose valuable 
researches are of such use in tropical medicine. 

The above rather dry account will enable the reader of this and the two follow- 
ing chapters to realize the references and the names of the genera and species. 

Nomenclature is, however, very confused, and an author, before he gives 
a fungus a name, should read ‘ Regies Internationales de la Nomenclature 
Hotanique,' published in 1912. Unfortunately, it has been decided that the 
nomenclature of the Fungi Imperfecti, which are so important in tropical 
medicine, should commence with Fries' work, while we are in accord with 
Vuillemin, who says that Saccardo's ' Sylloge ' should be the basis for all fungi. 

With this brief history we will pass on to consider the FungacecB 
Linnaeus, 1737, which, as we have already seen, belongs to the 
Regnum Vegetable, division Thallophyta. 


SUBDIVISION FUNGACEiE Linmeiis, 1737. 

Synonym. — Fungi aiictores. 

Definition. — Thallophyta thread-like, with apical growth produc- 
ing cells (hypha^) or rows of cells (hyphae), which collectively are 
termed a mycelium, and reproducing by freely escaping spores, 
which are formed either acrogenously at the end of hyphee or endo- 
genously in special cells (sporangia), situate either at the apex of a 
free hypha, or are formed by sexual cells, which may be enclosed 
in a fruit or perithecium, formed by the interlacing of mycelial 
threads without chromatophores or chlorophyl. 

Morphology. — Fungi are Thallophytes without chlorophyl, and 
do not contain starch or chromatophores. Their vegetative body, 
or thallus, consists generally of a mass of filaments or threads 
termed the ‘ mycelium.’ The threads or filaments forming the 
mycelium are called ‘ hyphcC.’ The mycelial threads or hyphae 
may be septate or non-septate. Their walls do not consist of ordinary 
cellulose, but of a substance known as fungus-celhdose, which does 
not stain blue by iodine and sulphuric acid. 

Nutrition.— TJie fungi, being unprovided witli chlorophyl, cannot 
make use of tlie carbon dioxide of the air, and therefore derive their 
carbonaceous food material from complex organic compounds, as, 
for instance, decaying organic substances. 

Mode of Life. — Fungi live as parasites or as saprophytes. They 
may live one way or the other, according to circumstances. Fungi 
are parasites of man, of the lower animals, and of plants. 

Biological Characters. — Recent researches have shown the great 
biological analogies between fungi and bacteria as regards produc- 
tion of toxins, agglutination, and immunization phenomena, etc. 
Charrin and Ostrowsky, Concetti, Roger, and others, have obtained 
a soluble toxin from Monilia albicans. Auclair and Verliac have 
isolated from Nocardia bovis a toxic product soluble in ether, 
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which they call * actinomycetine/ They state that the injection 
of this substance produces the same lesions as the fungus. Ceni, 
Besta, Otto, and others, have obtained various toxins from fungi 
of the genus Aspergillus. 

Maciadyen, by vaccinating animals with cultures of a saccharo- 
myces, and G. H. Rogers and Concetti, using Monilia candidans 
Robin, have noticed a production of specific agglutinins and immune 
bodies. Similar results have been obtained by Quarclli using 
Monilia halcanica Castellani. 

Plato, Bloch, Truth, and others have prepared trichophyton 
vaccines by killing with heat, and triturating cultures of these 
fungi. By injecting these vaccines into patients suffering from 
trichophytoses, they have observed a general reaction, with fever, 
similar to the reaction obtained in tubercular patients by injecting 
tuberculin. De Beurmann has described a cuti-reaction in patients 
affected with sporotrichosis. 

Widal and Abrami have introduced a general diagnostic method, 

‘ sporo-agglutination,’ based on the fact that the blood of patients 
suffering from diseases due to fungi contain specific agglutinins for 
the spores of such fungi. Non-specific coagglutinins may, however, 
be present in large amount. 

Other biological reactions— complement fixation, etc. — have been 
described. 

Reproduction. — The seeds of the Phanerogamia may be said 
to be represented in the fungi by the roundish or oval-shaped 
bodies called ' spores.' The spores multiply by budding, producing 
daughter spores, identical with the parent spores. Under certain 
conditions the spore, by a process of germination, gives rise to a 
true mycelial filament, which ramifies, producing mycelial hyphse. 
Some of the terminal hyphse are shorter and structurally different 
from the other hyplne, and they become organs of fructification, 
which produce spores. The formation of spores upon these hyphse 
takes place in various modes, of which five different types may be 
distinguished. 

1. Conidia or Exospores. — These are non-sexual spores, which 
take origin by a process of budding or septation from the extremity 
of a germinal mycelial hypha or sporophora. The spores may all 
be of the same size, or, at other times, some are much larger, macro- 
conidia, others smaller, microconidia. The conidia are at first 
always unicellular, but later they r>ay divide and become multi- 
cellular. 

2. Chlamydospores or Endoconidia. — These are asexual globular 
vSpores of great size, and provided with a thick membrane. Chlamy- 
dospores are terminal or intramycelial. 

3. Endospores or Gonidia. — These spores take origin inside a 
special spore-case structure, or sporangium, which is often terminal 
and aerial. Endospores which are free and provided with organs 
of locomotion (cilia or flagella) are called zoospores, and the spor- 
angium is known under the name of zoo sporangium. 



l^LATE V. 

CUI/rUI'iES OF SOMK TKOPICAL FUNGI. 

1. Fndodiikmophyton conckntricum 331 anchard, 1901, emendavit 

Casicllani, 191J. 

Typical ciillurc on glucose agar three weeks old. 

2. Fndodiikmophyton TKoncALK C‘.stellani, 191.P 

Old culture on glucose agar. 

3. Fndodermophyton indicum Castellani, 1911. 

h'aiiiy old culture on glucose agar. 

liNDODKKMoi'HY'J ON INDICUM Castellaiii, 1911. 

\'oiirig culture on glucose iigar. 

3. ICpiDEKMoi’H VTON RUBRUM Castellani, 1909. 

('ulture on glucose agar. 

o. Trichophyton violaceum Bodin, 1902; vak. decalvans 
Castellani, 1911. 

Culture on Sabouraud's agar. 

7. Cladosporii^m mansoni Castellani, 1905. 

Culture on Sabouraud’s agar. 

8. NkiRococcus nigrescens Castellani, 1910. 

Culture on Sabouraud’s agar. 
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CULTURES OF SOME TROPICAL FUNGI. 
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To /ace page 97o 
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Asms Fructifications, or Asci, are special sporangia, containing 
four or eight or a multiple of eight spores arranged in a single line. 
These spores are called ascospores. Each ascospore presents two 
membranes, one internal, one external. The external membrane 
frequently shows a pore, which is called the germinating pore, 
Basidia Fructifications. — Basidia arc large elongated cells, each of 
which supports at its apex two or four slender processes (sterigmat a), 
each terminating in a small roundish conidium or basidio-spore. 

4. Zygospores. — These arc the product of a process of conjugation 
or modified sexual act between two special hyphse. These hyphse 
give rise to small club-vShapcd branches, wliich come into contact 
and fuse together, forming a nev/ large cell, which presents a very 
resistant double wall. The special branches (gametes) which come 
into contact and unite to produce the zygospore do not show any 
apparent sexual differentiation. 

5. Oospores. — are formed by a complete sexual act or 

fertilization, and can therefore be compared with a feitilized 
ovum. 

The female element (oosporangium , oogonium) contains one or 
more roundish protoplasmatic masses (macrogametes or oosphereSf 
female gametes), and presents a thick wall pierced by several pores. 
The male gamete (aniheridium), which originates on a delicate 
special hypha, comes into contact with the oosporangium, sending a 
protoplasmatic process tlirough it. In otlier cases the anthendium 
divides into several motile bodies called microgametes, anther ozoids , 
or spermatozoids, which come into contact with the oosporangium, 
and fertilization takes place. Tn some rare cases the transformation 
of the oosporangium into an oospore is in reality a process of paithe- 

nogenesis. t • • 

Classification.-— The Fungaccai may be arranged in two divisions, 

viz. : — 

A. Vegetative body a multi nucleate naked plasmodium Myxomycetes. 

B. Vegetative body usually filamentous — Bumycetes Scliroeter. 1892. 

We are only concerned with the Eumycetes. 


Eumycetes Schroeter, 1892. 

The Eumycetes may be classified as follows:— 

A. Mycelium continuous in the vegetative stage— Class I., Phy corny cetes 

De Bary, 1856. 

B. Mycelium septate — 

I. Spores in asci— Class II., Ascomyceies Berkeley. 

II. Spores in basidia— Class III., Basidiomy cetes De Bary, 185b. 

III. Spores not in asci or basidia, but on comdiopliores, naked or 
in pycnidia or unknown — Class IV., Fungi Imperfecii fiuckel, 

1869. 

The fungi parasitic in man are practically all found among the 
Phycomycetes, the Ascomycetes, and the Fungi Imperfecti. Only 
one species of importance is found among the Basidiomycetes, and 
none among the Myxomycetes. 
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CLASS I. PHYCOMYCETES De Bary, 1856. 

Definition.— Eumycetcs with m3?celium continuous in the vege 
tative stage. 

Type Genus, — .W^/corMicheh, 1729. 

Classification.— The Plyvcomycetes may be divided into subclasses 
as follows ; — 

A. ScxiKil .sporis when present isoganious (similar gametes) — SuMass i, 

/v^oniyccics. 

B. Sexual spores when present hetcrogamous (dissimilar gametes) — 

Subclass 2, Oomycetes. 


ZYGOMYCETES. 

Definition. — Phycomycctes with similar gametes. 

Classiflication. — Tlie Zygomycetes may be divided into two 
orders:- - 

A. Several asexual spores in sporangia — Order i, Mucorales. 

B. Solitary asexual spore, a true conidium, on conidiopliore — Order 2, 

Eniomophthorales. 

Only the first order is of interest to ns. 

Order MucoRAUts. 

Definition. — Zygomycetes with several ascLXual spores in a 
sporangium, wliich in some genera are conidia-like bodies. 

Type Genus.- Mneor Micheli, 1729. 

Classification. — The Mucorales may be divided into the following 
families: — 

A. Asexual spores in typical sporangia, in some genera few spored. 

I. Columella present, zygospores naked and thinly covered- — ^Family 
T, MucoracccB. 

11 . Columella absent, zygospores closely covered by hyphse — 
Family 2, M artier ellacece. 

B. Asexual spores not in typical sporangia — Families ChoanephoracecB, 

Chcdiooladiaceai , Pipiccladiacece. 

Only tlie Miicoraceje are of importance to us. 

h'AMILY MUCORACE2E. 

. Tli(;se organisms have a ramified thallus, branches taking origin 
laterally or })y dichotomy. Some species arc provid('d with rhizoicis, 
root -like hairs by wliich they are attached to the surface on which 
they grow. From the surface of the mycelium some aerial branches 
called ‘ gonidiophores ' take origin, each of which supports on its 
distal extremity a pear-shaped, globular, or claviform sporangium 
called gonidangium. Tlie sporangium is at first separated from the 
gonidiophore by a septum, which later protrudes into the lower 
portion of the sporangium to form a variously shaped structure 
termed the columella. 

Inside the sporangium or gonidangium endospores or gonidia 
develop by free cell-formation. 
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The sporangial protoplasm not used in the formation of endo- 
spores gives rise to a peculiar mucilaginous substance, which at a 
later period, by absorption of water, causes the bursting of the 
sporangium. Each endospore or gonidium, when it has become 
free, gives rise to a mycelial tube by germination. This mycelial 
tube ramifies, and a new mycelium is formed. 

In some species, under certain conditions, a sexual reproduction 
may take place, i his consists in the conjugation of undifferentiated 
non-motile gametes, which leads to the formation of zygospores. 

Many species, when vegetating in unfavourable media, reproduce 
only by formation of conidia and chlamydospores. 

The Mucoracese are extremely common as parasites or saprophytes 
of plants and animals. A mycosis due to these parasites is often 
termed ‘ mucormycosis.’ 

Mucoracepe can be easily grown on sugar culture media — for 
instance, Sabouraud’s maltose agar — or even on ordinary agar. 
The optimum temperature for their growth is between 35° and 
40° C. The Mucoracese require plenty of oxygen, and therefore 
the media tubes must never be closed with rubber caps. When 
there is not enough oxygen, the Mucoracese lose their character- 
istics, and give rise to monilia-like or yeast-like forms. 

Classification. — Tour genera of Mucoraccae are found to contain 
species parasitic on man: — 

Mycelium ramified, no rhizoids — Mucor. 

Mycelium non-ramified, with or without rhizoids; the peduncle 
Family I supporting the sporangium terminates in a special forma- 
Mucoraceac \ tion encircling the base of the columella — Lichiheimia. 

Mycelium with rhizoids; columella ovoid — Ehizomucor. 
Mycelium with rhizoids; columella, hemispheric, shaped like a 
mu shroom- — Rhizopns . 


Genus Mucor Micheli, 1729. 

•Ramified mycelium; absence of rhizoids. 

Mucor mucedo Linmeus, 1764. 

Synonyms. — Mucor vulgaris Micheli, 1729; M. sphcerocephalus 
Bulliard, 1791. 

The hyphoe carrying sporangia (sporangiophores) are long and 
erect; the sporangium is globular, 100 to 200 fi in diameter; its 
colour brownish; its surface covered by fine, minute crystals of 
oxalate of calcium. The spores (gonidia) are elliptical, with a 
smooth surface. The columella is ovoid-shaped, and generally 
yellowish. Occasionally very large zygospores may be observed. 

M. mucedo L. is ver^^ common, living in organic Substances in 
decomposition — for instance, horse-dung. It is the cause of a 
deadly disease in bees — the so-called * mucorine,’ or May’s disease-— 
but is seldom found in man. Furbringer has observed it twice in 
cases of pulmonary infarcts. A case of broncho-pulmonary mucor- 
mycosis has been observed by Castellani in the Balcanic Zone. 
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Mucor pusiilus Lindt, 1886. 

Mvcelium at first white, then yellow'ish. The hyphse carrying 
sporangia are much shorter than in the preceding species. The 
sporangium is globular, at first pale greyish, then dark greyish. 
Its diameter varies between 50 and 80 /i. The columella is clavi- 
form, ovoid or spherical, yeilowish or brownish. The spores are 
smootli, spherical, 3 to 3-5 fi in diameter. 



Fig. 479 . — Mttcor mucedo 
Linn^us. 


Fig. 480 . — Mucor pusiilus Lindt. 
(After Lindt.) 


M. pusiilus is often found in bread which has been soaked in 
water. It is very pathogenic to rabbits; it has once been found 
in man in a case of otomycosis by Jakowski. 


Genus Lichtheimia Vuillemin, 1904. 

Non-ramified mycelium; rhizoids may be present or not; ped- 
uncle supporting sporangium terminates in a formation encircling 
the base of tlu* coluniella. 

Lichtheimia corymbifera Cohn, 1SS4. 

Synonym, -d/arer corymhifev Cohn, 1884. 

Mycelium at lirst white, tlieii yellowish. The sporangia are pear- 
shaped, 10 to 70 [I in diameter; columella conical, dark greyish or 
brownish ; spores elliptical, 2 to 3 pu. The hyphie carrying sporangia 
are ramihed in coryrnbiform formation, Ihis parasite has been 
observed several times in man, giving rise to a mycosis of the ear 
(liuckel, Siebenmann, Graham), of the nose (Sicbenmann), of the 
lungs (Todack). A case of generalized infection has been recorded 
by Paltauf (see p. 977). 

Lichtheimia ramosa Lindt, 1886. 

Synonyms. — Mucor ramosus Lindt, 1886; Liclilheimia ramosa 
Vuillemin, 1904. 

Closely resembles L. corymbifera, but rhizoids are often present. 
The spores are larger, ovoidal, 4 to 7 /.e in length. The columella 
is always smooth. 

This species has been observed in man by Jakowski in a case of 
otomycosis. According to Vuillemin, it is frequently found in the 
nasal mucosa of horses. 



RHIZOMUCOR PARASITICUS 

Genus Rhizomucor Lucet and Costantin, 1900. 
Rhizoids generally present, columella of ovoid shape. 


Rhizomucor parasiticus Lucet and Costantin, igov). 
Mycelium at first greyish, later brownish. Sporangium globular, 
35 to 80 fi. Hyph.E carrying sporangia are often ramified^ and are 
between i and 2 centimetres in length. They are often provided 
at their basal portion with rhizoids. 



Fig. 481, — Lichtheimia corym- 
bifera Vuillemin. 

(After Lictitheim.) 



Fig. 482. — Rhizomucor parasiti- 
cus Lucet and Costantin. 

(After Lucet and Costantin.) 


The columella is ovoid or pyriform; dark brownish; spores 
ovoid; longitudinal diameter, 4 \ transverse diameter, 2*5 [i, 

R. parasiticus is pathogenic for guinea-])igs and rabbits. It was 
found in the e'cpect oration of a woman by Lucet, Costantin, and 
Lam]:)ry. The patient had been considered at first to be suffering 
from tuberculosis She recovered under a potassium iodide and 
arsenical treatment. 

Rhizomucor septatus von Bezold, 1889. 

Synonyms . — Mucor septatus von Bezold; Rhizomucor septatus 
Lucet and Costantin, 1889. 

Rhizoids present ; sporangia of a brownish-greyish colour, spheri- 
cal, with a smooth, or occasionally slightly moriform surface; 
diameter about to 35 jlo\ columella spherical, brownish; spores 
roundish or slightly oval, from 2*5 to 4 /a. 

The spores are of a yellowish or brownish colour; spherical or 
ovoid, with a smooth surface. 

This species was found by Sicbenmann in a case of otomycosis. 

Genus Rhizopus Ehrenberg, 1820. 

Rhizoids present; columella hemispheric; mushroom-like. 

This genus contains only one .species. 

Rhizopus niger Ciaglinski and Hewelke, 1893. 

Synonym. — Mucor niger Ciaglinski and Hewelke, 1893. 

The mycelial filaments are provided with abundant rhizoids 
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forming a snow-white mass. Sporangia globular, of black colour 
when ripe Spores ovoid, smooth. Columella is at first globular, 
but later takes a cylindrical shape, and when the spores have 
become detached, sliows a peculiar niushroom-like appearance. 



Fig. 483. — Rhizomucor sepia - 
tus VON Bezold. 

(After Siebenmann.) 



Fig. 484 . — Rhizopus niger 

ClAGLINSKI AND HeWELKE. 

(After Ciaglinski.) 


This species was discovered by Ciaglinski and Hewelke in a case 
of black mycosis of the tongue. 


General Remarks on Mycoses due to Species of the Family 
Mucoraceae. 

These mycoses are generally called mucormycoses. They have 
been recorded several times in man. 

Mucormycosis of the Nose. — Several cases arc on record in 
whicli species of Mucoraceae (generally Lichtheimia corymhifera) 
were found in various affections of the nose. Their pathogenic 
role in such affections has not been demonstrated with certainty. 

Mucormycosis of the Tongue.— Ciaglinski and Hewelke, and 
later Soniyiak, have described cases of so-called ‘ black tongue,' 
due to Rhizopus niger. 

Mucormycosis of the Ear — Otomucormycosis. — Several cases 
are found in the literature (Siebenmann, Boke, Hiickel, etc.). 
Almost Lichtheimia corymhifera was present. In the tropics 

we have observed two cases in which L. ramosa occurred. When 
the fungus is in great quantity, the patient complains of tinnitus 
aurium and deafness — the same symptoms as those produced by 
a plug of cerumen in the external auditory meatus. 

Mucormycosis of the Lungs. — This condition is rare. 
Furbringer has described two cases in which L. corymhifera was 
found at the autopsy in some haemorrhagic foci in the lungs. Lucet, 
Costantin, and Lambry described a case of bronchitis in a woman 
due to Rhizomucor parasiticus. The expectoration was rather 
scanty and mucopurulent, but without blood. Mycelial threads 
and spore-like bodies were present. Cultures were made, and the 
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fungus grown. The condition lasted several months. Potassium 
iodide was given, and later, owing to the symptoms of iodism, various 
arsenical preparations. Castellan! has recorded a case of broncho- 
mucormycosis due to Mucoy mucedo, in the Balcanic Zone. 

General Mucormycosis.— One case only is on record— that of Paltauf. 
The patient during life presented fever, slight jaundice, enlargement of the 
spleen and liver, with signs of diffuse bronchitis and obscure nervous symptoms. 
At the post-mortem the brain presented several foci of a friable, yellowish 
substance; the other internal organs showed nodules of various size, some 
rather hard ; others had undergone a purulent change. In all these formations 
mycelial threads were found ; in the lung-nodules fructifications (sporangia) were 
also present, which enabled Paltauf to determine the fungus as Lichtheimia 
corymbifera. According to liim, the infection must have originated from the 
intestine, which showed ocveral ulcerative lesions containing the same fungus. 
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CHAPTER XXXVIII 

ASCOMYCETES AND BASI DIOMYCETES 


Preliminary — Classification — Protoascomycetes — • Saccharomycetales — Sac 

charomycetaceae — -Endomycetaceae — Eiiasconiycetes — Gymnoascaceae 

Aspcrgillaccffi- -Pyrcnomycctes — Basidiomycetes — References. 

PRELIMINARY. 

This chapter includes an account of the fungi parasitic on man 
which belong to the Asconiycetes. Tliese fungi are characterized 
by their mode of reproduction- — viz., by spores originating inside 
special cells called asci. The spores (ascospores, endospores, 
gonidia) inside the asci are generally four or eight or a multiple of 
eight. While these fungi live a parasitic life, no a^ci are found, 
and reproduction takes place by germination and conidia. The 
fungi belonging to this order are often pleomorphic, their morpho- 
logical characters changing according to the medium on which tliey 
live. 

Classification.- The Ascomycetes are divided into subclasses as 
follows: — 

A. Asci with varying number of spores, usually numerous — Hemiasco- 
mycetes. 

13. Asci with a definite number of spores: — 

I. Asci separate or scattered — Protoascomycetes . 

II. Asci approximate, usually forming a hymenium — Tiuascomycetes. 

SUBCLASS PROTOASCOMYCETES. 

This subclass contains a single order, the Saccharomycetales. 

ORDER SACCHAROMYCETALES. 

This order is divided into two families as follows: — 

A. Vegetative cells single or loosely attached in irregular colonies — 

Sacch aro i nyce lac cm . 

B. Vegetative cells forming a mycelium — Endomyceta cem . 

FAMILY SACCH AROMYCETACE^ Rees, 1870. 

Definition. — Protoascomycetes with vegetative cells single or 
loosely attached in irregular colonies; mycelium not usually 
developed; asci isolated, not differentiated from vegetative cells. 

Remarks.- — These organisms are generally round or ovoid cells, 
presenting a cell wall of single or double contour ; the internal proto- 
plasmatic mass often shows granules and vacuoles. During active 
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vegetation as parasites they reproduce by a budding process, hence 
the name of budding fungi ; when living on artificial media, under 
unfavourable nutritive conditions, or in the absence of oxygen, they 
multiply also by formation of endospores or ascosporcs. Each cel- 
lular element may become an ascus containing i“4> sometimes more 
up to 12 spores (ascospores) . 

The organisms are, as a rule, unicellular plants, but at times the 
cells elongate, and a rudimentary mycelium may be formed. This 
occurs, for instance, when the organisms are cultivated in certain 
fluid culture media — for example, fluid beer -wort. In sucli cases 
side-buds, which separate into conidia-like bodies, may also develop 
on the hyphae. 

Classification.— -The family contains thirteen genera, of which only 
two — Saccharomyces Meyen, 1837, Willia Hansen, 1904— 

contain species parasitic on man; while, in regard to Schizosac- 
charomyces Beyerinck, 1893, it appears doubtful to us whether 
this really should be placed in this family, as it reproduces by division 
instead of by budding. The various genera may be recognized 
as follows: — 

A^. Vegetative cells globose, ovoid, or pyriform, without lemon-shaped 
extremities : — 

Vegetative cells increase by budding : — 

C^. Vegetative cells without large fat globule; asci 3-4 spored: — 

D^. Ascospores globose or ovoid : — 

E^. On germination spores form typical yeast cells: — 

Fi. Ascus formation not preceded by zygosis : — 

G^. Spore membrane single: — 

Spore membrane verrucose — Debaryomyces Klocher. 

H 2 . Spore membrane verrucose and possessing a superficial 
elevated linear process, dividing the surface into two 
unequal portions — Schidnniomyces Klocher. 

IFt Spore membrane without verrucosities or crest — Sac- 
charomyces Meyen, 1838. 

G 2 . Spore membrane double — an inner, endosporium, and an 
outer, exosporium — Saccharomycopsis Schionning. 

F 2 . Ascus formation preceded by zygosis: — 

Ascospores have a smooth membrane — Zygosaccharomyces 
Barker, igoi. 

K 2 . On germination spores form a poorly developed promycelium, 
multiplication by a process intermediate between budding 
and transverse division — Saccharomycodes Hansen, 1904. 

D2. Ascospores pileiform or limoniform; costate with bowler-hat shape. 
No alcoholic formation, but ethers produced, with pleasant 
fruity odour, in sugar media — Willia Hansen, 1904. 

D'^ Ascospores spherical, hemispherical, or irregularly shaped. 

Thick pellicle with air-bubbles on sugar liquid media — Pichia 
Hansen, 1904. 

C 2 . Vegetative cells large, spherical, each containing a large fat globule 
as in torula. 1 ). Asci S-apored—Torulaspora Linder. 

B2. Vegetative cells increase by fission : — Asci 8-spored — Schizosaccharomyce 
Beyerinck, 1893. 

A 2 . Vegetative cells oval, with one or both extremities lemon-shaped. 

Asci I -spored — Hansenia Linder. 

A*'’. Vegetative cells elongate, cylindrical, spores filiform. 

Asci I -spored — Monospora Metchnikoff. 

Asci S-sporc‘(l; ascospores flagellate — Nemaiospora Pcglion. 
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Fig. 485.— Types of Yeasts. 

a Saccharomyces ccrevisiac; b. S. ellii«oideus; c, S. pa^torianus; 
d, S. apiculatus; Saccharomycodos; /, bchizosiiccharomyces. 
(After Lindner.) 








Fig. 486. Zygosis and Formation of an Ascus in Zygosaccharomyces 

octosporus. 

(After Guilliermond.) 
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Fig. 487. — Reproduc- 
tion OF Sacciiaromy- 
CODES. 


Fig. 488. — Types of Ascospores. 

1, Saccharomyces; 2-4, Willia; 5, Debaryo- 
niyces; 6, Schionniomyct s ; 7, Saccharomycopsis ; 
8, Monospora; 9, Nematospora. 

(After Guilliermond.) 



1-7, Budding cells; 8-9, Ascus formation; 10, Ascospore germinating. 
(After Metchnikoff and Guilliermond.) 





SACCHAROMYCES 


981 


Genus Saccharomyces Meyen, 1838. 

Definition.— No proper thallus. Reproduction by budding and 
iscospores; fermentation of glucose and saccharose, and often 
of other carbohydrates. Ascospores with one membrane. No 
trace of any copulative process. Occasionally rudimentary mycelial 
lubes present, with transverse sept at ion. 

Remarks. — As already stated, the fungi of this genus, as well as 
of the genera Crypiococcus^ Monilia, Oidirni, and Coccidioides, are 
usually called Blast omycetes, and Ihc^ diseases induced by them 
olastornycoses. 

The fungi of the genera Saccharomyces, Cryptococcus, and Cocci- 
lioides have a great importance in dermatology, as they give rise 
to peculiar ulcerative aff(‘ctions of the skin, often resembling a 
syphilidc or a tuberculidt*. The first cases of blast omycos's were 
observed in America l)y Posadas, Wernike, and others, who at first 
believed them to be a protozoal infection. Later Gilchrist, Ricketts, 
and others recognized the true nature of the parasites. By some 
authors (Sanfelice, Roucali, etc.), cancer has been considered to be 
of blast omycetic origin. 

Fungi of the genus Saccharomyces arc very important from an industrial 
and agricultural standpoinf, being the cause of alcoholic fermcnlafion. The 
best-known yeast is the br ewer 'Sj yeast, .S. ccrevisicp, which is slightly ovoid, 
8 to 9 /X in diameter. 

Saccharomyces blanchardi Guiart, 1906. 

Found at an operation by Blanchard, Schwartz, and J. Binot, 
on a patient who had been considered to be suffering from tuber- 
cular peritonitis. The fungus had produced in the peritoneum 
a large, whitish, gelatiniform mass, weighing about i kilogramme. 
The fungus grew well on all sugar media. 

On maltose agar it produced crateriform colonies of a snow-white 
colour. Presence of asci with eight spores. On gelatine mucoid-like, 
of greyish colour. Slow liquefaction of the medium. On potato 
mucoid growth, whitish, darkening after a long time. On carrot 
growth viscid, abundant; pathogenic to rabbits, in which it 
induced a general mycosis, terminating fatally. 

Saccharomyces granulatus Vuillemin and Legrain, 1900. 

Observed by Vuillemin and Legrain in a tumour of the sub- 
maxillary bone. Cells ovoid, 4 to 5 fa in length, and 3 to 4 in 
breadth. Cultures pinkish or pinkish-red; ascospores and chlamy- 
dospores present. Gelatine not liquefied. Sugar reactions not 

given. Saccharomyces tumefaciens Curtis, 1896. 

Synonym. — Saccharomyces suheutaneus tumefaciens Curtis, 1896. 

Found by Curtis in a myxomatous tumour. It appeared in 
the tissues in the shape of spherical bodies 16 to 20 [a in diameter, 
each surrounded by a zone of amorphous substance. Grows well on 
all sugar media; in very old cultures asci are seen, with 1-4 spores. 
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Gelatine with surface growth wliitish; no liquefaction. Said to 
ferment saccharose, hut not maltose or lactose. Its action on 
glucose is not mentioned. Pathogenic to rats and dogs. 

Saccharomyces samboni Castellani, 1907. 

Cells roundish— () to 8 /li in diainet(jr — easily grown on various 
media, producing wliite colonies, whicli rapidly coalesce. Found 
by Castellani in Ceylon in a few cases of intertriginous dermatitis 
of the cniro-scrotal region. A similar or identical organism lias 
been observed by Whitlield in Phigland in a case of the sanu' derma- 
titis. Ferments glucose, levulose. and maltose. Gelatine is not 
h’quefied. In very old cultures asci present. 

Saccharomyces ellipsoides Rees, 1870. 

Found by Maggiora and Gradenigo in two cases of chronic otitis 
media. The cells are elliptical, alxmt b /j, in maximum diameter; 
presence of asci. Maggiora and Gradcaiigo do not consider tin's 
fungus to be pathogenic. The yeast is found on ripe grnj)es, and 
has been carerully (icscribcd by'Haiiseii, Asci cUipsoidc containing 
1-4 spores each.' The fungus often ])rodn(:(\s a pellicle in sugar 
fluid media. Fc'rnients glucose, maltose, and saccharose. 

Saccharomyces ho minis Klein and Gordon, 1903. 

Isolated in sonu^ cases of tonsillitis clinically resembling diphtheria. 
Roundish or oval ( ells, 3 to 7 // in dianitder. Path )genic to guinea-])igs and 
rabbits. Sugar rcac tion.s unknown. 

Saccharomyces anginse Achalmc and Troisier, 1895. 

Found by Achaline and Troisier in a case of tonsillitis showing white 
patches; in situ cells ovoid, 8-15X5-6 microns. In cultures asci, 4-spored, 
present. On gelatine, surface growth white. Ferments saccharose, but 
other reactions not given. 

Saccharomyces balzeri Balzer, Bnrnier, and Gongerot, 1911. 

Synonym, — Parendomyces bal'jeri Balzer, Burnier, and Gougerot, 1911. 

Grows on culture media under the type of oval or roundish yeast-like cells, 
proliferating by budding. Isolated by Balzer, Bnrnier, and Gougerot from a 
gummatous affection. Sugar reactions unknown. 





hiG. .^190 . — Crativrifokm Coloniks 
Saccharomyces hlanchardi Guiart. 
(After Blanchard, Schwartz, and 
Binot, from Brumpl.) 



I'lG. 49T. — -Saccharomyces angincp 
V UlLLEMIN. 

(After Trosier and Achalmc.) 


Saccharomyces roseus Maggiora and Gradenigo, 1890, 

Found by Maggiora and Gradenigo in the Eustachian tube, and considered 
by them to be non-pathogenic. Cultures of pink colour. Sugar reactions 
unknown. ^ 
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Genus Willia Hansen, 1904. 

Definition, — Saccharomycctacc;^ witli ascospores lemon-shaped 
or liat-shaped (see Tig. 492). As a rule do not produce alcoholic 
ferment at ion, but iM'oduce various (‘thers. Cultures present a 
pleasant fruity odour. 

Species in Man.- anomala Hansen, 1904. 

( 2 ?) ^ 

Fig. 49..1. -AscusiHiREs ok WiLha anon ala ItIa-nsen. 

(Alter Guillierniomi.) 

Willia anomala Hansen, 1904. 

Rather small oval cells. In sugar liquid media it forms a well- 
marked membrane, containing air-bubbles. Asci with 2-4 spores 
of the so-called hat-Uke type. Glucose fermented, but not saccha- 
rose or maltose. Ferments beer-wort, with production of ethers. 
Found by Beauverie and Lesieur in the sputum of a tulaercular 
patient. 

FAMILY ENDOM YCET ACE 

Definition. — Mycelium usually well developed, multiseptate; 
asci 4-8 spored; spores one-celled. 

A. Mycelium poorly developed — Podoca psa . 

B. Mycelium well developed: — ■ 

I. Asci formed after zygosis — -Eremasciis. 

11 -. Asci formed asexually: — 

[a) Asci 4-spored — Endomycea, 

[b) Asci 8-spored — Oleina. 

[c) Asci with a large number of spores — Coccidioides. 

Only Endomyccs and Coccidioides concern us. 

Genus Endomyces Rees, 1870. 

Definition.— Endomycetaceaj with mycelium abundant, ramified 
or not, simple or septate. Presence oi budding and asci with four 
spores. Reproduction by external spores, ascospores, ‘and spores 
situated inside the mycelial tubes. 

Remarks. — Vuillcmin believed at one time that the thrush fungus 
belonged to this genus. Researches carried out by Castellani 
have demonstrated that the condition known as thrush may be 
caused by various fungi. These fungi, as a rule, do not reproduce 
by ascospores, and, as justly remarked by Pinoy and Vuillemin 
himself, belong to the genus Mom/fa (see p. 1079). hor the fungus 





9S4 


A5C0MYCETES AND BASIDIOMYCETES 


isolated once by Vuillemin, which has all the characteristics of the 
genus Endomyces, Landrieu has suggested the term Endomyces 
vuillemini. 



Endomyces vuillemini Landrieu, 1912. 

Synonym. — Endomyces albicans Vuillemin, 1898. 

Found by Vuillemin in 1898 in thrush patches. 

Parasitic Life. — This fungus forms white patches on the tongue 
and buccal mucosa. 7 'he patches are easily detached. A particle 
examin(;d under the microscope shows septate mycelial threads, 
simple or ramified, tlu^ articles of which are straight or some- 
what bent. Each article or cell is 
about 20 fjb in length, and 3 to 5 in 
breadth. At the terminal portion of each 
mycelial thread three or four shorter 
ovoid elements are found which repro- 
duce by budding. Some similar ovoid 
or roundish globular refringent cells can 
be observed, originating laterally at the 
septations of the mycelium. These 
globular elements, which were at first 
consider(‘d to be s])ores, become detached, 
and reproduce by germination. 

Saprophytic Life- Culture Characters. 

- - rile fungus grows well on slightly 
acid, vSabouraud’s, and other media; 
d()(‘s not grow abundantly in alkaline 
media ; does not ferment lactose and is 
( iram-positive. 

In cultures the fungus appears under 
two forms: (i) A filamentous form, 
showing the mycelial threads simple or 
ramified. (2) A globular form, morpho- 
logically similar to a typical yeast, and 
rt^prodiicing by budding. Both forms 
may be found in the same culture. 

The fungus in cultures reproduces 
by: — 

X. Chlamydosporos or external spores; large globular cells lo to 

^e^s t ‘f i’ "'f ^ '■^^•stant walls. The chlamyclospores 

the terminal extremity of some mycelial hypha;, 
and represent modified mycelial articles. 

2. Asci containing four ascospores. 

nla^cm ®Pores. These are oval cells with membrane, proto- 

pksm, and nucleus similar to the external spores. The internal 

^PathoeanWfv^^Tif string inside some mycelial tubes. 

fungus was found by Vuillemin in a case 
(i?p“ro79)''°"‘^'*'°'' generally due to fungi of the genus Monilia 



lot;. .\()y--Aiiuloniyces vnillc- 
niini L.vndkiku. 

(From a culture. Alter 
Vuillemiu.) 

I, Mycelial tlireads, with 
endospores and couidia; 2, 
ascus Iructification. 



COCCIDIOIDES 


985 


Genus Goccidioides Rixford and Gilchrist, 1896. 

Definition. — Endomycetacese with mycelium well developed and 
asci containing a large number of spores, with intermediate char- 
acters between Saccharomyces and Monilia. One species only: 
Goccidioides immitis Rixford and Gilchrist, 1896. 

Goccidioides immitis Rixford and Gilchrist, 1896. 

Synonyms. — Goccidioides pyogenes Rixford and Gilchrist, 1896; 
Oidinm coccidioides Ophuls, 1905; 0 . protozoides Ophuls, 1905; 
Posadasia esferiformis Canton, 1898; Oidinm immiie Verdun, 1907. 

Definition. — Coccidioides with a large number of spores in the 
asci. 

Discovered by Wernicke in 1882 in America in a patient with 
patches resembling a tuberculide, and gummata. In the lesions 
roundish bodies are seen of various sizes, 3 to 80 in diameter, 
with a well-defined thick membrane. Inside some of the bodies 
numerous spores may be seen. This genus is not well defined. 

Gultures. — The fungus grows under two types: (i) a saccharo- 
rnyces-like type, reproducing by budding; (2) a filamentous type. 

The colonies are roundish, slightly elevated, but deepening into 
the medium. They are grey or white, but when old often become 
brownish. In old cultures chlamydospores may be present. The 
biochemical properties of the fungus are not known. 

Pathogenicity. — The fungus induces in man a type of blasto- 
mycosis (see p. 2084). It is pathogenic to monkeys, mice, guinea- 
pigs, and rabbits. It probably lives saprophytic in nature. 

SUBGLASS EUASGOMYGETES. 

Definition. — Ascomycetes witli asci not separate or scattered, 
but approximate, usually forming a hymenium, and with a definite 
number of spores in an ascus. 

Classification. — According 1 o Stevens, the following orders may be 
recognized : — 

A. A.sci approximate, no definite ascoma, but an indefinite hymenium — 

Protodiscales. 

B. Asci grouped in a definite ascoma: — 

1. Asci not in a cylindrical or globose perithecium— 

Pezizales, Phacidiales, Hysieriales, Tuberales. 

II. Asci in a cylindrical or globose perithecium: — • 

(a) Perithecium se.ssile: — • 

1. Asci arising from a common level in the perithecium — 

Perisporiales, Hypocriales , Dothidiales, Sphceriales, 

Pyrenomycetes. 

2 . Asci arising at different levels in the perithecium — 

Aspergillales. 

(b) Perithecium on a short pedicle — Laboulbeniales. 

Only the Aspergillales and the Pyrenomycetes interest us. The 
latter differ from the former by having their asci arranged in a 
hymenium within the closed ascocarp. 
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OBDEB ASPEBGILLALES. 

Definition- Euascoinycetes with asci gathered into definite 
cylindrical or globose perithecia. 

Type Family .-As])ergillacea-. . e 

Classification.- The order contains a number of families, which 
may he recognized as follows: — 

A. Peridinm of loose floccose h3rpha0 — GyninoascacccB Baranelsky, 1872. 

B. IN'ridjiim compact:— 

1. Perilhecia small : — 

[a) Perilhecia mostly sessile: — 

1. Peridia closed — Aspergillace(B. 

2. Peridia open — 2 'richocomacecs. 

{h) IVrithecia mostly stalked — OxygenacxcB. 
tl. Perilhecia V.u'gQ- ElaphomycciacecB and other families. 

Only till* (rvninoascucdie and the Asj)ergillacecX concern us. 


FAMILY GYMNOASCACE/E Baranetzky, 1872. 

Definition. — Aspergillales with the peridinm composed of loose 
liypliie, at tlic extremities of which tlie asci are situate, or without 
perithecial or ascal formation, and reproducing (as far as is known), 
as a rule, by mycelial or conidial spores. 

Type Genus. — Gymnoascus Baranetzky, 1872. 

Classification.- From the definition given above, it is obvious 
that the family is capable of being divided into two tribes, as 
follows: — 

A. Ascomycetes type : — 

Willi perilhecia and asci — Tribe i, GymnoascecB Castellani and 
Chalmers, 1918. 

B. Fungi Imperfect i type : — 

Without perithecia or asci. Reproduction asexual by mycelial 
and conidial spores— Tribe 2, Trichophyionece Castellani and 
Chalmers, 1918. 

The first tribe includes the genera Myxoiriclmm Kiinze, 1823; 
Gymnoasats Baranetzky, 1872; Ctenomyces Eidam, 1880; Amauro- 
asats Schroeter, 1893; Arachnioius Schroeter, 1893; and Eidamella 
Matruchot and Dassonville, 1901; but these are not directly con- 
cerned with tropical medicine, and will only receive a passing notice 
as required in the following pages. 

The second tribe is, however, of considerable importance, and 
must b(‘ considered in some detail; but we must first inquire why 
the genus Trichophyton and its allies, which are included in this 
tribe, should be classified here. 

It must be pointed out that Viiillemin would classify all these 
genera as follows: — Class, Fungi Impcrfccti; Order, Thallosporales; 
Suborder r, Blastosporinea^; F'amily, OosporacecC; Genus, Achorion; 
Suborder 2, Arthrosporineae ; Genera, Microsporum, Trichophyton, 
etc. 
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We, however, classify them as given above, and our reasons for 
so doing may be set forth in a short liistorical statement. 

Historical — In 1844 Gruby discovered ttie parasite of ringworm, and this 
was verilicd in 1845 by Maimsten, wlio proposed two generic names for the 
new tungus-r.e Inchophyton ’ or ‘ Trychomyces '-and one specific name, 
Tonsurans. 1 he iirst generic name has become established, and the genus 
the systemic position of which we arc about to review, is now known as Tvichcr 
Maimsten, 1845; very often the date given is 1848. which is that of 
the publication of the German translation, and not the date of the original 
Swedish work, the name being derived from 6pi^, ‘ hair,’ and (pvT6v, ‘ a plant.’ 

Maimsten believed the genus Trichophyton lo be closely related to the genus 
Tofula Persoon, 1801, and especially to the species T. olivacea Corda, 18^7, 
and T. abhreviata Corda, 1837. 

This relationship v.-^s adopted 1 y Charles Robin in his celebrated work 
‘ Histoire Naturellc des Vegetaux Parasites.’ published in 1853. His classifi- 
cation is as follows;- — -Fungi: Division, Arihrosporei ; Tribe, 'L'ovulacci ; Genus, 
Trichophyton Maimsten. 

In 1886 Hallier regaiakal the relationship to be closely allied to the genus 
Penicillhini Link, 1809. 

In 1875 Grawitz made a new assertion, claiming that Lhe relationship was 
with Obspoya Wallroth, 1833, a view which was adopted by Baumgarten in his 
' Pathologischen Mykologie ’ in 1890. 

Later researclies by Duclau:. in iS8(>, by Verujsky in 1887, and still later 
by SaboLiraud, indicated that some of the species .should be classified near to 
S povotrichum Link, 1809, which suggestion has Ixien adopted by Saccardo in 
his ‘ Sylloge Fungorum,' though he goes further, making Trichophyton merely 
a synonym of Sporotrichimi. 

Bodin (1899-1902) brought forward \ lews tending to show that the relation- 
ship is complex, some of the species being allied to Endoconidium Prillieux 
and Delacroix, 1891 (a genus which lately disappeared, h.iving become Stroma- 
tinia Prillieux, 1897), while other species were held to be more closely related 
to Acladium Link, 1809, and to Haplaria Link, 1809. These views are based 
upon a study of the sporulation, and indicate that Trichophyton is a genus 
belonging to Fuckcl’s class Fungi Imperfecti, and, adopting the older methods 
of classification, to the subclass HyphomycetecD Martius, 1817, the family 
MucedinacecB Link, 1809, subfamily AmerosporecB Saccardo, 1886, tribe 
Macronemce Saccardo, 1886, and subtribc BotrytidcB Saccardo, 1886. 

fn June, 1899, Matruchot and Dassonville published a paper entitled ‘ Sur 
la Position systematiq lie des Trichophytons,’ and followed it later in the same 
year by another paper entitled ‘ Sur le Ctenomyces serratus (Eidam) compart 
aux Champignons des teignes.’ Briefly stated, their view is that the genus 
Trichophyton Maimsten, 1845, belongs to the Ascomycetes of De Bary, if this 
is taken to include llemiascomycetes of Brefeld. In either case, whether 
these classifications or Schroeter’s more detailed arrangement of the Ascomy- 
cetes be adopted does not concern our present purpose, as both contain the 
family Gymnoascaceae (often written Gymnoasceae) , in which Matruchot and 
Dassonville place the genus Trichophyton. 

Their reasons for this classification are:— 

1. Ctenomyces serratus Eidam, 1880, is a fungus found on the feathers of 
birds, which, when cultivated on Sabouraud’s proof media, produces growths 
strikingly analogous to those of species of Trichophyton. 

2. Ctenomyces serratus, when inoculated into animals, gives rise to lesions, 
resembling a Trichophyton eruption, in which it appears in a filamentous 
form. 

3. A fungus closely resembling a ctenomyces, which they found in a ring- 
worm in a dog, when cultivated gave rise to perithecia. For this fungus they 
created a new genus, Eidamella Matruchot and Dassonville, 1901, calling the 
given species Eidamella spinosa Matruchot and Dassonville, 1901. 

Against this view Sabouraud has pointed out that in the cultures of this 
fungus they found intercalary chlamydospores. but neither fusiform bodies 
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nor the conidia usually seen in Trichophyton cultures, and therefore he 
considers their demonstration to be still incomplete. i j ^ i 

Chalmers and Marshall in 1914 pointed out that they had found oval 
perithecia in very old cultures of Trichophyton cuvm. The peridium was 
at first loose, but hardened later, and contained a number of asci situate at 
different levels, but these were degenerate and did not contain ascospores. 
The perithecia were judged to belong to the i richophyton, because there was 
no sign at any time of any other organism in or on the growth, macroscopically 
or micruscopically, and the perithecia apjiearcd at the same time all through 
th(^ culture. Wlu'u very old the peridium became compact and like that of 
thci Aspergillaccse, but at that stage they consisted of the outer wall only, the 
con tents having all disappeared. They therefore considered that their 
observation supported the views of Matruchot and Dassonville. 


We therefore classify thti genus Trichopliyton in the Gymnoasca- 
C(j;e, but the very large number of species included in that genus 
(exhibit such different characters that they can casity be arranged 
in groups, wliicb appear to us to be of generic value, especially as 
we know that Malmsteii meant (jidy the form we now call ' endo- 
thrix ’ to be designated by his name Trichophyton, because he 
states:-- ' The mould formation appears in the root of the hair, 
and it occurs only inside of the hair, between its fibres, so that the 
(‘pithclial layer is uninfected: besides, there is no mould formation 
to b(‘ found among the epidermal cells, so tliat one can say with 
good reason that the (Mse.ase absolutely belongs to the liair.’ 

We have tlierelorc distinguisluHl the other groups by the generic 
names Eclotrichophyton, Neolrichophy/nn, and AiricJio'phyion, given 
below. 



I 2^4 

Fig. .<^94. — ■ Microsporum audonijii 
Gkuby. 

(After Bodin.) 

I, Clilaiuydospores ; 2, spindle; 3 ,pluri- 
septate spindle; 4, spore-bearing 
liypha; type Acladiuin. 



Fig. 495. — MtcyospO}um audouini 
Gruby. 

(From cultures.) 

I, Septate spindle body; 2, mycelium, 
with denticulated structures. 


Tribe Teichophytone.e CasteUani and Chalmers, 1918. 

peflnitlon.— Gymnoascacea; of the Fungi Imperfect! type. 
Type dmm.— Trichophyton Malmsten, 1845. 
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Glasslftcation. The various genera belonging to this tribe may 
be recognized as follows: — ^ 


mycelial filamonls and no spores present — Genus Lopho^^ 
phyton Matruchot and Dassonville, 1899. 

B. In lesions mycelial ^laments and spores present 

1 . In cultures no conidial-bearing liyphae found. Do not attack hairs 
or hair follicles, but grow in the superficial or deep strata of the 
epidermis. 

(a) Pluriseptate spindles present in cultures. Grow in the super- 

ficial strata of the epidermis, do not attack hairs. Cultures 
not faviform-- Genus Epidern:ophylon Lang, 1879. 

(b) Pluriseptate spindles unknown in cultures. Grow between the 


superficial and deep layers of the epidermis. Cultures favi- 
form — Genus Endodermo phyton Castellani, 1909. 

II. In cultures conidial-bearing hyphaa present. May or may not attack 
hairs or hair follicles. 


(а) Conidia only at the ends of hyphae ; large— Genus Montoyella 

Castellani, 1907. 

(б) Conidia only at the sides of hyphae; not large — Genus Pinoyella 

Castellani and Chalmers, 1918. 

(r) Conidia at the ends and sides of hyphae: — 

1. In cultures fusiform bodies present as septate or non-soptato 

spindles. Yellow favic scutula not present in lesions: — 

(a) Conidia on short stalks: — 

(1) Attack hairs or hair follicles: — 

' (i.) Grows in and on the surface of the hair. Is 

often pyogenic and of animal origin — 
Genus Eciotrichophyton Castellani and 
Chalmers, 1918. 

(ii.) Grows mainly in the hair, but a few mycelial 
filaments and spores can be found out- 
side the hair. Not pyogenic; of human 
origin — Genus N cotrichophyton Castellani 
and Chalmers, 1918. 

(iii.) Grows entirely in the hair, and filaments and 
spores cannot be found outside it. Not 
pyogenic, except most rarely. Of human 
origin — Genus I'richophyton Malmsten, 
1845. 

(2) Do not attack hairs or hair follicles — Genus 

A trichophyton Castellani and Chalmers, 1918. 

(b) Conidia sessile — Genus Microsporum Gruby, 1843. 

2. In cultures fusiform bodies present in the form of swollen 

claviform ends of fihiments. Yellow favic scutula present 

in lesions— Genus A chorion Remak, 1845. 
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Genus Microsporum Gruby, 1843. 

Definition. — (jyninoascaccce with only bungi Imperfecti lorms 
known; producing in the lesions mycelial filaments and mycelial 
spores, which are small, roundish, and about 2-3 microns in diameter. 
In cultures hypli.'e bearing sessile conidia may be seen and septate 
or non-septatc fusiform bodies. The lesions in man do not produce 
yellow fa vie scutula. 

Type Species. audouini Gruby, 1843. 

Remarks. — The fungi belonging to this genus are generally para- 
sitic in the hairs and hair follicles, but may attack glabrous parts. 
When parasitic in the hairs, they are characterized by the mycelial 
s])orcs being roundish, small (2 to 3 //), and irregularly arranged 
in a mosaic-like manner. They are easily cultivated on Sabouraud's 
and other sugar media (see Genus Trichophyton, p. 996) . In cultures 
the microsporons proliferate by sproiiting with branching of the 
mycelium; and also, often, by — 

1. Sporo-I^caring Hvphce—oi type Acladinm, tin* conidia being 
oval, 3 to 4 fi in length, and 2 to 3 // in lireadth. Tliey are not 
support(‘d by short sterigmata, as is the case in the genus Tricho- 
phyton. 

2. Terminat Septate or Non-Sept ate Spindles. — These structures 
are found et the end of cia'tain filaments, and may be considered 
to be modifnnl termiiKd conidia. They are large fusiform struc- 
tures, 30 to ()0 //. in length, and 15 to 18 in breadlh. They have 
granular content s, and may be septate or non-septate. The surface, 
esp(‘via]ly at the apex, presents some peculiar hair-like formations 
wliich are not ol)Sta ved in the spindles of the fungi of the genus 
Trichophyton. 

3. Chlamydospores. — Certain mycelial articles become expanse, 
ovoid, or ainpulliform, 22 to 18 p, in length, and t) to 8 p. in breadth. 
Their jirotojdasm may he granular, and tlu^ membrane ma}^ become 
much thicker and liave a double contour. These elements are 
chlamydospores. Tliey arc generally found when tlie fungi vege- 
tate under unfavourable conditions. Another structure often 
seen in fungi of the genus Microsporum are the so-called denticu- 
late or pectinate bodies, wliich are mycelial segments, generally 
curved, showing on one side — the convex side as a rule — several 
small protruding processes. Bodin has demonstrated these pro- 
cesses to be mycelial tubes arrested in their development. 

Pleomorphism, — After a time, and often rapidly, the cultures of 
microsporons lose their characteristics and become pleomorphic. 
This phenomenon is not very ])rominent, however, in the most 
important species — viz., Microsporum audouini — while it is very 
accentuated in some microsporons of animal origin, especially 
M. minimum, in which, according to the complete investigation 
carried out by Bodin, two types may be met with: — 

1. The downy type [AeJadium type). 

2. The glabrous type {Endoconidium type). 
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1. The downy type is found on the ordinary sugar media in 
which there is an abundant development of white duvet. Micro- 
scopically, fructifications of the type Acladium are seen, the spore- 
bearing hyphae presenting numerous lateral sexile conidia. Sub^ 
cultures will always give rise to the same downy type. 

2. The glabrous type is observed on wort agar. The growth 
has a smooth surface, without duvet. Microscopically, short 
strings of h37alinc, ovoid, or cylindrical conidia arc seen inside the 
terminal segments of the fertile liyplue. Lateral conidia are absent. 

Mode of Infection. — Infection takes place from man to man in 
the case of microsporons of human origin; from the lower animals 
to man in the case of microsporons of animal origin. The human 
microsporons (M. uudouini, M, velvdicum, M. umbonaium, M, 
tardum) do not seem to be inoculable into the lower animals. 

Table showing Species of Microsporum Parasitic on Man. 

•Species. 

I'M audoiiini Gruby, 1843. 

' M. vclvclicum Sabouraud, 1907. 

I M. umbonatum Sabouraud, 1907, 
tardum Sabouraud. 1909. 

|M. scoiTeiim Priestley, 1914. 

M. minimum Le Calve et Mal- 
lierbe, 1898. 

M. lanosiim Sabouraud, 1907. 

M. idinciim C. Fox and PlaxalL 
1896. 

M. fulvum Uriburu, 1907, 

M. pubescens Sabouraud, 1909. 

M. villosum Minne, 1907. 

M. tomentosum Pelagatti, 1909. 
M. iris Pasiiii, 1912. 

M. flavescens Horta, 1912. 

UM. depauporatum Gu6gueu, 1912. 

Some species {M. audonini, M. vchwticum, M. umhonainm , 
M. tardum) seem to be parasitic on man only; otliers (M. lanosum, 
M. felincum, M. minimum, etc.) are parasitic on the lower animals, 
but occasionally infect man. 

Microsporum audouini Gruby, 1843. 

This parasite was described by Gruby in 1843, but his investi- 
gation was forgotten, till Sabouraud, in his classical researches 
on ringworm in 1892, demonstrated the plurality of species of 
the fungi found in this affection, and showed that a form of tinea 
capitis was due to the microsporon described by Gruby. 

Parasitic Life. — Around the affected hairs the fungus forms by 
means of its mycelial spores a white opaque sheath, extending 2 
or 3 millimetres above the opening of the hair follicle. The sheath 
is composed of a mosaic of small, roundish, or polyhedral spores, 
the diameter of which varies between 2 and 3 {jl. In the interior 
of the hair a few mycelial filaments of the fungus may be observed. 
The fungus very seldom attacks glabrous parts of the body. 


Genus. 


of liuman origin 


Microsporum Gruby, 

1843 


of animal origin 
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Saprophytic Life — Cultures. — Microsporum audouini grows well 
on Sabouraud’s maltose agar and other media. The rate of growing 
is slow. In maltose agar the growth becomes evident about a 
week after inoculation under the appearance of a plaque of a so- 
called ' satiny aspect,’ beneath the surface. In a few days more, 
aerial hyphas develop, extending above the surface. When the 
devcloj)ment is complete — generally this takes about six to eight 
weeks — tlie growth is roundish, covered with short greyish duvet, 
and presents often a central knob, and some concentric rings of 
a wJiitish-grcyish colour. The cultural characters, however, are 
variable, and pleomorphism occurs. The cultural characters have 
been thoroughly investigated by vSabouraud, Fox and Blaxall, Bodin, 
and others. The fungus very slowly liquefies gelatine; on potatoes 
it produces a brownish discoloration compared by Sabouraud to 
the colour of dried blood. 

Reproduction. — This takes place — 

1. By sprouts from the mycelial tubes. 

2. By small terminal and lateral conidia, there being spore- 
bearing hyphai of type Acladium (see Fig. 494). 

3. By large unilocular or multilocular spindle conidia. These 
spindles are large structures 30 to 60 [jl in length, and 15 to 18 /jl in 
breadth. They may be septate or non-sept ate. 

4. By formation of chlamydospores. 

Pathogenicity. — Microsportim audouini causes tlie most obstinate 
form of tinea capitis. Tlie patches affecti'd are often large, scaly, 
and present stumps, provided with an opaque whitish sheath. It 
seldom attacks glabrous parts of the body. M. audouini is ex- 
tremely common in England; Imt rare in the South of Europe 
(Italy), and extremely rare in the tropics. We have never seen 
cases of ringworm due to M. audouini in Equatorial Africa or 
Ceylon, but a few cases have been described in Brazil, in Mada- 
gascar, and in Siuegal. 

M. audouini seems to live only on the human subject, but closely 
allied species have been found by Fox in cats, by Bodin in dogs, 
and by Bodin, Fox, and others, in horses. 

Microsporum velveticum Sabouraud, 1907. 

Resembles closely M. audouini, but the cultures are more velvety, 
the duvet being white instead of greyish, and of closer growth. 
Not inoculable into guinea-pigs. This species seems to be fairly 
common in North America. 

Microsporum umbonatum Sabouraud, 1907. 

Found by Sabouraud in two cases of microsporosis of the scalp 
contracted in Russia. The appearance of the growth when it has 
reached complete development (about twenty-five to thirty days 
after inoculation) has been compared by Sabouraud to the appear- 
ance of an ancient round shield, with a central conical formation 
representing the umbo of the shield. Not inoculable into guinea- 
pigs. 



MICROSPORUM TARDUM 


993 


Microsporum tardum Sabouraud, 1909. 

Found by Sabouraud in cases of inicrosporosis capitis clinically 
identical with the type caused by M. audouini. Differs from 
M. audouini by the growth being much slower and scantier, and 
the duvet being shorter. 

Microsporum lanosum Sabouraud, 1907. 

Synonym. — Microsporon audouini var. canis Bodin, 1897. 

Commonly found in dogs. May affect man, causing a type of 
severe tinea capitis; may also produce forms of tinea barbae and 
tinea corporis. 

On Sabouraud’s agar the growth is at first similar to M. audouini y 
only more abundant and more downy. Later — twenty-five to 
thirty days from inoculation — the central portion of the growth 
becomes umbilicated, the depression being surrounded by a ring 
of snow-white duvet, which in very old cultures may become 
yellowish. Plcomorphism is common. 

Microsporum felineum C. Fox and Blaxall, 1896. 

Common in the cat in England, North America, and Belgium; 
may infect man, attacking hairy and non-hairy regions of the body. 
On Sabouraud’s agar the growth is rather abundant, discoid, with 
flattened surface, showing no furrows, and covered with a large 
amount of grey duvet. The fungus is easily inoculable into cats, 
dogs, and guinea-pigs. 

Microsporum minimum Le Calv6 and Malherbe, 1898. 

Synonyms. — Microsporon audouini var. equinum Bodin, 1896; 
Trichophyton minimum Le Calve and Malherbe, 1898. 

Very common in foals; may infect man, giving rise to a mild 
type of tinea corporis, which gets cured spontaneously. 

On Sabouraud’s and glucose agar the growth is deeply furrowed, 
and, in contrast to all other microsporons, duvet is absent, or, when 
present, is very scanty, very short, and of a pinkish colour. 

Microsporum fulvum Uriburu, 1907. 

Found by Uriburu in cases of tinea capitis in the Argentine. 
It grows very rapidly on Sabouraud’s agar, the growth presenting 
a central umbo, or projection, surrounded by a brownish powdery 
ring. The peripheral zone of the growth is covered with white duvet. 

Microsporum pubescens Sabouraud, 1909. 

Discovered by Sabouraud in a case of tinea capitis contracted 
in New York. It grows rapidly on Sabouraud’s medium, the 
culture being characterized by the presence of abundant but very 
delicate silky duvet. At complete development — about thirty 
days froxU inoculation— the growth may have a flattened surface, 

63 
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or some furrows, radiating from the centre, may be present. Tin 
central portion, wliich is covered with rather long, white duvet 
is encircled by a zone of powdery appearance; outside this thcK' 
is the peripheral zone covered by the extremely delicate, character- 
istic, silky-like duvet. 


Microsporum villosum Minne, 1907. 

Found in Belgium by Minne in a child suffering from ringworm 
of the hair clinically identical with the type caused by M, audouini. 
On Sabouraud’s agar the growth at complete development is ebout 
6 centimetres in diameter; the central portion is flattened, witli 
powdery, slightly brownish surface. This is surrounded by 
mammillary, downy formations, which decrease in size towards the 
peripliery. 

Microsporum tomentosum Pelagatti, 1909. 

Found by Pelagatti in Sardinia in a case of microsporosis capitis, 
clinically identical with the usual type caused by M. audouini. It 
grows lajiidly on vSabouraud’s agar. The growth at complete de- 
velopment lias a somewhat flattened appearance, but several 
furrows are present, originating from the central portion, which 
niay be umbilicated. I he whole surface is covered by thin wliite 
duvet. 


Microsporum iris Pasini, 1911. 

Discovered by Pasini in Italy in some cases of microsporosis 
capitis, clinically somewhat different from the usual type. The 
fungus grows well on Sabouraud’s agar. At complete develop- 
ment ---twenty-two to twenty-six days from inoculation—the 
growtli })r('.sents a central knob covered with white duvet and 
surrounded by white and brick-red rings, alternating. 

llie miciosporosis capitis due to this microsporon is charac- 
terized by tlie hairs remaining nearly of normal length, and pre- 
senting a white-greenish discoloration. 


Microsporum flavescens P. Horta, 1912. 

Isolated by Horta from some circinatc squamous patches situate 
o the neck of a child m Brazil Grows rapidly on Sabouraud’s agar : 
the growth IS ot a yellow colour; there is a depression at the centre 
from which radiate four or five shallow furrows. Pleomorphic 
duvet appears quickly. ' 

Microsporum depauperatum F. Gu^guen, 1912. 

Isolated by Gueguen from some circinate, dry, squamous patches. 
In cultures the membrane of some nucleal filaments presents 
peculiar thickenings. Spore-bearing hyphae are not so web differ- 
entiated as m other species. cii umtJ 
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Microsporum scorteum Priestley, 1914. 

Xhis p^rs-site resembles , ftilvtifH Uriburu, 1909, both morpho- 
logically and culturally, and may be identical therewith, as the 
descriptions given in Europe of Uriburd’s parasite are scanty. It 
was found by Priestley in Townsville in Tropical Queensland: 
and occurred in two circular inflamed areas on the calf of a boy’s 
leg. Tliere was no scaliness, and the hairs were not visibly altered, 
though microscopically they contained mycelium and a few spores! 

On Sabouraud’s maltose agar it grew rapidly, producing a grovdh 
like a piece of chamois leather. It slowly digested milk, which it 
did not clot. Muhiseptate spores were abundant, but lateral conidia 
were few, 3-4 X 2-3 macrons in sir.e, while chlamydospores were in- 
frequent. Nodular bodies like those found by Sabouraud in T. 
lacticoloy were found. Spirals were frequent and pectinate bodies 
rare. Duvet was formed. 


Genus Trichophyton Malmslen, 1845. 

Definition. — Trichophytoncre with mycelial filaments and spores 
present in the lesions and conidial-bearing hypha; in cultures, only 



Fig. 497. — Trichophyton currii, 
TO SHOW Mycelial Spores. 


attacking hairs and entirely 
of human origin. Almost 
never pyogenic. 

Type Species. — Trichophyton 
tonsurans Malmsten, 1845. 

General Considerations. — 
During their parasitic life the 
species of the genus Tricho- 





Fig. 498. — Trichophyton currii, 
TO SHOW Conidial-bearing Hypha. 


phyton vegetate according to two types: (i) mycelial filaments; 
(2) mycelial spores. 

The mycelial filaments consist of long cylindrical cells, separated 
by septa. The so-called mycelial spores are simply a modification 
of the mycelial filaments, due to the septa being much closer, so 
that the cells limited by them are almost as broad as they are long. 
The term ' mycelial spores ’ is incorrect, as they are not organs of 
reproduction, but only vegetative organs. 

When the shape of these mycelial spores or spoiulating mycelia 
is roundish or oval, the filament takes a moniliform appearance. 
Moreover, these cells are easily dissociated. Such a type is called 
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' fragile mycelium. ' To this type belongs, for instance. Trichophyton 
sabouraudi R. Blanchard. 

When the mycelial spores arc square, the filament straight, and 
its articles long, the mycelium is called 'resistant.' This type is 
observed, for example, in Trichophyton tonsurans Malmsten. 

Cultivation.— Most Trichophytons can be cultivated, some cannot. 
The best medium is vSabouraud s maltose agar, the composition 
of which is the following:— 


Maltose 

Peptone Cliassaing 
Agar 

Distilled water 


4 grammes, 

I gramme. 
1-50 grammes. 
100 c.c. 


On this medium, however, pleomorpliism is of frequent occur- 
rence. 

Pleomorphism.- Cultures on maltose and other sugar agars of all 
Trichophytons, with the single exception of T. sabouraudi, becoming 
old, lose their characteristics and become 
covered with abundant whit e duvet. In these 
cultures, which can be considered degenerate, 




Pig. 499. — Tkiciiophy- 

TON. 

(Preparation from 
cultures, after Bodin.) 


I, Chlamydospore ; 2 and bearing hypha (Micros' 
3, septate spindle bodies, porum). 



Fig. 500. — P'ruciifi- 
CATIONS. 

I, 2, Spore-bearing hyphee 
(Trichophyton) ; 3, spore- 


Fig. 501.^ — Trichophy- 
ton: Spiral Bodies. 


usluv pleomorphic,’ organs of fructification are 

usually absent. By transplanting these cultures, the same uleo- 
morphic, downy type of growth will be obtained; never again^will 
the growth show the characteristics of the original >o«nfcuKmes 
directly obtained from the lesions. It is impossible to retS to 
the original type, even by animal inoculations 

m^'iunK-^"^ pleomorphism, Sabouraud advises the following 


Agar 

Peptone Chassaing 

Water . . . . 


. . 1-8 grammes. 

• • 3 to 5 grammes. 

• . 100 c.c. 
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On this medium the growth of the various Trichophytons is much 
less abundant than on sugar media, but the cultures are fairly 
cliaract eristic, and do not become pleomorphic. 

Experimental Inoculations. — Certain Trichophytons can be easily 
inoculated experimentally into man and many of the laboratory 
animals— guinea-pigs, rab- ^ 
bits. etc. Sabouraud advises 
the inoculation of portions 
of the cultures to be made 
into a small flictena, arti- 
ficially induced by burning, 
such as by applying to the 
skin a lighted match. 

The intravenous injection may induce generalized lesions of 
the internal organs. 

The intraperitoneal injection as done by Citron may induce a 
type of peritoneal pseudo-tuberculosis. 

Mode of Infection. — Infection may take place from man to man — 
this is generally the case with Trichophytons of the group endothrix — 
or from the lower animals to 
man. There is also little doubt 
that Trichophytons may live 
saprophytic ally in nature, this 
explaining sporadic cases of 
trichophytoses in man. 


Fic. 502. — Trichophyton enrrii, to show 
Ladder-like Rows of Mycelial Spores. 




Fig. 503. — Trichophyton currii. 
Four Days' Growth on Sabou- 
raud's Maltose Agar at 34° C., 
TO SHOW White Growth with 
Knob-like Centre. 


Fig. 504. — Trichophyton violaceum 
VAR. khartoumense, 

(Note absence of acuminate centre 
and dark [violet] colour of the 
growth.) 


Reproduction. — This takes place by— 

1. Lateral and terminal conidia, supported by short sterig- 
mata. 

2. Chlamydospores ; these are rare. 

3. Large terminal septate and unseptate spindles. 

Classification. — The principal species of the genus Trichophyton 

arranged chronologically are: — 




ggS ASCOMYCETES AND BASIDIOMYCETES 

1. T tonsurans Malmstcn, 1845. 

2. T. sabouraudi K. Blanchard, 1895. 

3. T. violaceum Bodin, 1902. 

4. T. sulphur eum C. Fox, 1908. 

5. T. glahrum Sabouraud, 1909. 

6. T. fumatum Sabouraud, 1909. 

7. T. effractum Sabouraud, 1909. 

8. T. circonvolutum Sabouraud, 1909. 

9. T. fegulareS^bomQ.\id, 1909. 

10. T. umhilicatum Sabouraud, 1909. 

11. r. cxsiccatum Uriburu, 1909 

12. T. polygonum Uriburu, 1909. 

13. T. soucianense 1912. 

14. T. cnrrii Chalmers and Marshall, 1914* 

These may be recognized as follows: — 

A. Condition of mycelium in liair not definitely stated, but probably that of 
the Crateriform subdivision (sec below). 

(1) In cultures very convolnied—Circonvolutum. 

13 . Condition of mycelium in hair definitely stated. 

I. Mycelium in hair resistant to caustic potash, segments characteristi- 
cally quadrangular in shape, with double contour, 4 to 6 /i, in 
breadth, arranged in fairly straight ladder-like rows — Crateriform 
subdivision. 

[a) Cultures coloured and xviih craters : Tonsurans group : — 

(2) Yellow in centre, white at periphery — Tonsurans . 

(3) As ‘tonsurans,’ but, when old, cracked and dry — Effractum. 

(4) Orange-red centre, remainder sulphur coloured — Sulphur eum. 

(5) Golden-yellow convoluted centre, becoming crateriform 

later — Soudanense. 

(6) When old of a yellowish- brown colour — Fumatum. 

{b) Cultures white with craters : Umbilica turn group : — 

(7) Deeply umbilicated with aureola — Umhilicatum. 

(8) Slow growth, surface cracked with dry appearance — Exsic- 

catum. 

(9) Growth at first roundish and then polygonal — Polygonum, 
(c) Cultures white with knob-like centre : Currii group : — 

(10) Does not form duvoX— -Currii. 

II. Mycelium in hair not resistant to caustic potash; segments rounded, 
4*7 li in diameter, not arranged as a rule in rows, but if a row is 
visible it resembles a string of beads and not a ladder — Acuminate 
subdivision. 

(a) Without acuminate centre : Violaceum group ’. — 

(11) Primary growth violet: — 

(.\) Most strains do not melt gelatine very rapidly: — - 

(i.) Ordinary amount of scaling on the head — Viola- 
ceum. 

(ii.) Enormous numbers of scales, followed at times by 
permanent baldness — Var. decalvans. 

(b) Melts strong gelatine a ery rapidly, beginning as soon as 
growth appears- — Var. khartoumense. 

(12) Primary growth white — Glabrum. 

(b) With acuminate centre : Sabouraudi group : — 

(13) Without duvet when old — Sabouraudi. 

(14) With duvet when old — Pilosum. 

Courmont's parasites cannot be easily classified. 
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Trichophyton tonsurans Malmsten, 1845. 

Synonym%.-Tnchomyces tonsurans Malmsten, 1845; Oidium ton- 
surans Zop , 189^, endothrix S2A:)omdiVL& 

1894; T. cm en/ome Bodin, 1902, which is the term in current 
use in dermatological literature. 

Causes a type of tinea capitis some- 
what rare in England, but common 
on the Continent. The hairs are 
broken 2 to 4 millimetres from the 
scalp, and the stumps are variously 
bent. The diseased hairs have a 
powdery, greyish appearance, and 
on pulling them out the roots are 
not black, as in normal hairs. It 
belongs to the type Endothrix. The 
mycelial cells are large (4 to 5 //), Fig. 505 . — Trichophyton tonsu- 
quadrangular (so-called resistant Malmsten. 

mycelium type). Grows well on (Preparation of a hair in liquor 
maltose agar and other media; on potass®, after Sabouraud.) 
maltose agar colonies are white or 

yellowish, often crateriform, and present a velvety surface at 
first, later powdery. In hanging-drop cultivations spore-bearing 
fructifications can be seen. 

T. tonsurans, besides producing a type of tinea capitis, produces 
also a form of tinea corporis and a trichophytosis of the nails. 

Trichophyton sabouraudi R. Blanchard, 1895. 

Synonym. — Trichophyton acuminatum Bodin, 1902. This is the 
term commonly used in dermatological works. 

This Trichophyton is of the type Endothrix. Mycelial threads 
have a moniliform appearance, and their articles become easily 
dissociated (so-called fragile mycelium). Grows well on maltose 
agar, giving rise to conical white colonies; often acuminate with 
central plumes, and occasionally may present yellowish or pinkish 
rings; older cultures may present a powdery surface of a dark 
pinkish colour. Pleomorphism always absent. In hanging-drop 
cultures aerial filaments with lateral conidia are seen. 

T. sabouraudi causes a form of tinea capitis called by Sabouraud 
' tondante peladoide,’ and also a variety of tinea circinata. 

The tinea capitis induced by this fungus is also known under the 
name of ' black-dotted ringworm.' The hairs get broken lower 
than in the type of ringworm caused by T, tonsurans. The stumps 
are on the same level as the surface of the scalp, and appear as 
black dots. 

Trichophyton piiosum Sabouraud, 1909. 

Very similar to T. sabouraudi, from which it differs only by the 
cultures being covered, when old, by a dense, short, white duvet. 
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Trichophyton soudanense C. Joyeux, 1912. 

Endothrix ; very similar to 7 . tonsurans. In the hairs the mycelial 
spores are generally rectangular, arranged in long strings. On 
Sabouraud’s agar the growth appears three to four days after in- 
oculation as a small yellow nodule; later, the peripheral portion 
of the growth appears white. It has been found by C. Joyeux in 
cases of tinea capitis in the Sudan. 

Trichophyton violaceum Bodin, 1902. 

Discovered by Sabouraud in cases of tinea barbm; type Endo- 
tlirix. The growth on maltose agar is of a light brownish or greyish 
colour, with moist surface, and later becomes violet. 

This species is common in Italy and North Africa. In Ceylon 
a variety of this fungus produces a type of very common ring- 
worm of the scalp in children, with white patches covered by 
enormous numbers of pityriasic squama?. The patches often remain 
permanently bald. The Ceylon fungus is endo-ectothrix, and 
although culturally is hardly distinguishable from T. violaceiim, 
is probably a different variety (var. decalvans Castellani, 1913), as 
it produces lesions generally different from those induced by 
T. violaceum. In the Sudan it apparently liquefies gelatine more 
rapidly (var. khartoumense Chalmers and Macdonald, 1915). 

Trichophyton glabrum Sabouraud, 1909. 

Closely allied to T. violaceum, but shows a more rapid growth, and 
no violet pigmentation develops. Surface smooth and moist. 


Trichophyton sulphureum C. Fox, 1908. 

Described by Colcott Fox in some cases of tinea capitis in Eng- 
land. Endothrix type. On Sabouraud's agar the growth is 
characterized by a central reddish nodule, which later becomes 
crateriform, assuming a speckled appearance. The rest of the 
culture has a delicate but distinct primrose or sulphur colour. 


Trichophyton plicatile Sabouraud, 1909. 

Colonies closrdy resemble those of T. tonsurans, but have a creased 
appearance, bound by Sabouraud in cases of sycosis. Sequeira 
has observed it in a case of trichophytic granuloma. We have placed 
the fungus in the genus Ncotrichophyton (p. 1001). 


Trichophyton circonvolutum Sabouraud, 1909. 

Endothrix; somewhat similar to T. plicatile ; the growth has a 
convoluted surface. Found by Sabouraud in cases of trichophytosis 
contracted m the Sudan and Dahomy. 

Trichophyton exsiccatum Uriburu, 1909. 

Found in Argentina by Uriburu. Endothrix; very slow growth* 
crateriform colonies, with surface finely cracked, and of a dry aspect' 
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Trichophyton polygonum Uriburu, 1909. 

Endothrix. The growth is at first roundisli, then takes a char- 
acteristic polygonal outline. The central part is crateriform. 

Trichophyton regulare Sabouraud, 1909. 

Endothrix; very similar to T. tonsurans, the cultures being at 
first crateriform; then, the edges of the crater becoming under- 
mined, the growth takes a peculiar pouch-like shape, with several 
radiating small sulci. The characters of the fungus show always 
the greatest regularity, never changing; hence the name T. regular, e 
elven to it by Sabouraud. This fungus was found by Dalla Favera. 

Trichophyton umbilicatum Sabouraud, 1909. 

Endothrix; cultures are deeply umbilicated; presen-" at the 
periphery fine radiating hyph?e', forming a sort of aureola. 

Trichophyton fumatum Sabouraud, 1909. 

Cultures crateriform, taking when old a yellowish-brownish 
colour, compared by Sabouraud to the colour of a dead leaf. This 
Trichophyton is fairly common in some parts of Italy. 

Trichophyton effractum Sabouraud, 1909. 

Cultures at first very similar to those of T. tonsurans, being 
crateriform; when old, the growth becomes very dry, and the 
surface splits from the edge. 

Trichophyton currii Chalmers and Marshall, 1914. 

This fungus was found in an epidemic of ringworm in a Khartoum 
school. It is not the common fungus of the town, which appears 
to be T. violaceum var. khartoumense. T. currii is of the type 
endothrix, and grows aerobically, but not anaerobically. It forms 
ladder-like rows of mycelial spores in the hairs. These spores are 
usually 4*2 microns in breadth, and they and the mycelium resist 
the action of caustic potash. It forms neither acid nor gas in mono- 
saccharids, disaccharids, trisaccharids, polysaccharids, glucosides, 
or alcohols. It does not alter litmus milk. It does not liquefy 
gelatine. On Sabouraud 's agars it produces white growths with a 
central knob, a white plateau with a slight circular marking, and a 
peripheral fringe. It grows on carrot, potato, but was not char- 
acteristic on beetroot, and was poor on Buchanan's and Loeffler's 
media. Inoculations directly from the patients’ heads failed in 
monkeys, cats, dogs, and mice. In man it gives rise to a type 
of tinea capitis tropicalis. 

Genus Neotrichophyton Castellani and Chalmers, 1918. 

Definition. — Trichophytineae with mycelium and spores present 
in the lesions, and conidial-bearing hyphae in cultures, attacking 
hairs, but with mycelial spores and filaments outside the hair shaft. 
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Type Species . — cotrichophyton flaimtn Bodin, 1902. 
Classification.— Tliere are only two species, which may be dis- 
tinguished as follows: — 

A. Cultures cerebriform — Flavum. 

B. Cultures crateriform and creased — Plicatile. 


Neotrichophyton flavum Bodin, 1902. 

2 'richophyton cerehrtfoi me Sabouraud, 1909. 

Differs irom Trichophyton tonsurans hy i\.c cultures being cere 
briform, and by becoming creamy-white wlum old. 

Pathogenicity. — Induces a type of tinea coiporis and a form of 
sycosis. Inoculable into guinea-pigs. 

Neotrichophyton plicatile Sabouraud, 1909. 

Synonym. — Tricophyton plicatile Sabouraud, 19C.9. 

Colonies closely resemble tJiose of Trichophyton tonsurans, but 
Jiavc a creased appearance with white, powdery surface. Found by 
Sabouraud in cases of syco.sis. Sequeira has observed it in a case of 
trichophyt ic granuloma. 

Genus Ectotrichophyton Cast cllani and Chalmers, 1918. 

Definition. — Trichophytone?e with mycelium and spores present 
in the lesions, and conidial-bearing hypha* in cultures; attack hairs 
and hair follicles, growing in and on the surface of the hairs; is often 
pyogenic and of animal origin. 

Type Species. — Ectotrichophyton mcntagrophyics Robin, 1853. 
Classification.- — The genus is capable of division into three sub- 
genera by the following characters: — 

A. Ectotrichophyton : — 

With small spores about 3 to 4 microns in diameter, forming a sheath 
outside the hair shaft, on dissociation of which they are seen to 
form chains; with sinuous and quadrangular hyphal segments, 
together ^vith spores of varying diameter and air-bubbles, inside 
the hair shaft; with cultures easily obtainable, of rapid growth, 
and of considerable vitality, characterized by plaster-like or floury 
centres surrounded by a fringe, when grown on Sabouraud's proof 
media, and by successful inoculations into animals — Subgenus 
M icrofrichophyton . 

B. Ectotrichophyton : — 

With large spores about 5 to 7 microns in diameter, forming a sheath 
outside the hair shaft, on dissociation of which they are seen to 
form chains, and with sinuous hyphal segments, together with 
largo-sized spores and air-bubbles, inside the hair shaft; with 
. cultures easily obtainable, but of slow growth in temperate 

climates, though much more rapid in tropical climates, character- 
ized by their tendency to resemble (at all events when old) those 
of the Achorions, and capable of being inoculated into animals — 

I . With early formation of a duvet — Subgenus Ectotrichophyton , 

II, Culture sooner or later resembles that of A chorion schoen- 
leini — Subgenus Favotrichophyton, 



ECTOTRICHOPHYTON (FAVOTRICHOPHYTON) 1003 

Ectotrichophyton (Favotrlchophyton) Casldlani and Chalmers 

1918. 

Definition.— Ectotrichophyton with the characters eiven above 
, ,r Favot richophyt on. 

Type Species, hctotvichophvlon discotdes Saboiiraud, 1909. 



Fig. 50G. — Ectotrichophyton dis- 
coides : Nineteen Days’ Growth 
ON Saboijraud’s Maltose Agar 
AT 32° G. 



Fit;. 507. - - Ectotrichophyton dis- 
coides: Forty-two Days’ Growth 
ON Sabouraud’s Maltose Agar 

AT 32° C. 


Glassification. — The Favotrichophyton species which are known 
^ 

E. vcYYucosam Eodin, 1902, 

E. ochYacei'tm Sabouraud, 1909, 

E. album Saboiiraud, 1909, 

E. discoides Sabouraud, 1909, 

E. luxuYians Brault and Viguier, 1914. 

which rnay be differentiated as follows:- — 

A. Condition of mycelium in hair not definitely stated; — 

I. Young culturc.s white in colour, and soon resembling those of 
Achorion schoenleini, but sunk into the medium— 

B. Condition of mycelium in hair that of an ecto-endothrix; — - 

II. Cultures grey in colour, humid, with verrucose surface — Verru- 
cosum 

III. Young cultures of a yellow ochre colour — Ochraceum. 

IV. Cultures yellowish-brown o' greyish-yellow, cupola-shaped, 

humid, with usually smooth surfaces, and not resembling the 
Achorion cultures until old — Discoides. 

V. Very rapid development— Lw.ritnaws. 


Ectotrichophyton verrucosum Bodin, 1902 

Synonym. — Trichophyton verYticost.m Bodin, 1902. 

Endo-ectothrix, megalosporon, faviform. This fungus, though 
producing typical trichophytic lesions when parasitic, shows cul- 
tural characters somewhat similar to an achorion, the growth, 
which is white, being often convoluted or cerebrilorm. It is 
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found in donIve5^s, and may infect man. The same or similar 
species are found parasitic on the horse and on some birds, and mav 
also infect man. * ^ 


Ectotrichophyton ochraceum Sabouraud, 1909. 

Synonym. — Trichophyton ochraceum Sabouraud, 1909. 

Type Ectothrix, of animal origin; cultures somewhat similar to 
fivus. On maltose and glucose agars the colonies are character- 
ized by an oclire-yellow knob ; portions of the growth may be covered 
by an extremely short, almost invisible, duvet. On ordioary aear 
the surface of the colonies is cerebriform. Optimum temperature 
2=)'' C. It is easily inoculated into guinea-pigs. 


Ectotrichophyton album Sabouraud, 1907. 

Synonym — -Trichophyton alhum Sabouraud, 1907. 

The cultures are extremely like favus, but are generally less 
bulging, more deeply umbilicated, and more regularly folded; 
the growth deepens in the medium; some white duvet present' 
Optimum temperature, 25° C. Can be inoculated into guinea-pigs. 


Ectotrichophyton discoides Sabouraud, 1909. 

Synonym. Trichophyton discoides Sabouraud, 1900. 

Endo-ectothrix, megalosporon, faviform. Somewhat similar to 
t. album, but the growth, which is almost a perfect disc, has a 
more llattcned surface. There is often a central knob. The whole 
‘f;''"'n'f‘-y«llowish colour, with a moist surface, 
fwn ^ resembling the non-pigment cd cultures of Trichophyton 


Ectotrichophyton luxurians Brault and Viguier 


1914 - 

growth with 


Ectotrietophyton (Microtrichophyton) Castellani and 
Chalmers, 1918. 

spares 3-4 microns in 
mentagro- 

Classillcation.-fhe following species are known 
E mentagrophyles Ch. Robin, 1853. 

Jarinulenium ^dhouTdiud, iqio 

t. persicolor Sabouraud, 1910 
E. granulosum Sabouraud, 1008. 

E. iacticolor Sabouraud, 1910. 

E. radiolatum Sabouraud, igio 
E. felineum R. Blanchard, 1895. 

E, denticulatum Sabouraud, 1910, 
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They n^ay be differentiated as follows: — 

A. Grows best on agar without sugars — Persicolur. 

15 . Grow best on agar with sugars; — 

I . Growth wliite, elevated centre, powdery surface, radiatin'^ 

furrows. 

(a) Furrows well marked. Pure whitt ~~M entagr op hytes. 

[b) Furrows poorly marked. Not so vfhite—Radiolatum. 

II . Growth white, discoid, umbilicaieci, but later knob in centre; 

white powdery surface, radiating furrows — Favinulentum. 

III . Growth white, yellowish, dotted with granular projections-^- 

Granulosum. 

IV. Growth cream white to yellowish, not granular — Lacticolor. 

V. Growth white, with umbilicated centre, with numerous radiating 

projections at periphery. 

(a) Projections well marked — felineiim. 

(b) I’rojections poorly marked — DenficulaHim. 

Ectotrichophyton mentagrophytes Ch. Robin, 1853. 

Synonyms. — Microsporon mentagrophytes Robin, 1853; Sporo- 
trichum mentagrophytes Saccardo, 1886 ; Trichophyton gypseum Bodin, 
1902; T. asteroides Sabouraud, 1909; Trichophyton mentagrophytes 
Robin, 1853. 

Endo-ectothrix; mycelial spores are mostly situated outside 
the cuticle of the hair, while a few arc found in the interior. The 
latter are 5 to 6 in size; those outside, forming the parasitic 
sheath, are of very unequal size (2 to ii /i). 

On Sabouraud’s agar the growth is of white colour; the centre 
is somewhat elevated and covered by duvet ; the rest of the growth 
has a powdery surface, and often presents several radiating furrows. 
At the periphery numerous tapering projections are observed. 
This Trichophyton is of animal origin, being found in horses, cows, 
dogs, and, perhaps, pigs and sheep. In man it is pyogenic, causing 
a type of trichophytic sycosis, kcrion, and also a pustular type of 
tinea corporis. 

The following five species are very closely allied to E. mentagrophytes : — 

Ectotrichophyton tarinulentum Sabouraud, 1910. 

Synonyms. — Trichophyton gypseum Bodin, 1902, pro parte; Trichophyton 
fari'>iulcntumS'a.ho\xxoMd , 1910. 

Found in cases of kerion by Sabouraud. On maltose agar the growth is 
at first discoid, umbilicated, with a white powdery surface and several radiat- 
ing furrows. Later, the central part becomes raised, forming a knob covered 
with white duvet. On agar media not containing sugars the growth is at 
first smooth, without any duvet, of moist appearance and yellow colour; 
while later the central part becomes downy, and the peripheral portions take 
a powdery aspect. 

Ectotrichophyton persicolor Sabouraud, 1910. 

Synonym. — Trichophyton gypseum Bodin, 1902, pro parte; Trichophyton 
persicolor Sabouraud, 1910. 

Found by Sabouraud in cases of pustular ringworm of the palms of the 
hands and of the beard. In contrast to all other species of Trichophytons, it 



lOO'^> 


ASCbMYCETES AND BASIDIOMYCETES 


grows better on agar without sugar than on sugar media. The cultures are 
of a pinkish-reddish colour. The appearance of the colonies has been aptly 
compared by Adamson to the skin of a very ripe peach. 

Ectotrichophyton granulosum Sabouraud, 1908. 

Synonym. — Trichophyton gypseum I^din, 1902, pro parte; Trichophyton 
granulosum Sabouraud, 1908. 

The growth on vSabouraud's agar is discoid, often umbilicated; powdery 
surface of a white-yellowish colour, with granular formations or prominences 
dotted all over. 

This Trichophyton is found in the horse, in which it produces a peculiar type 
of trichophytosis, with extremely numerous, very small, patches. It has been 
observed in man in Italy by Dalla Favera. 

Ectotrichophyton lacticolor Sabouraud, 1910. 

Synonym. — Trichophyton gypseum Bodin, pro parte; Trichophyton lacticolor 
Sabouraud, igxo. 

The cultures are discoid, flattened, with shallow furrows radiating from 
the centre. The colour is cream-white, with occasionally a slight yellow tinge. 
In old cultures there is abundant pleomorphic duvet. Can easily be inocU’ 
lated in guinea-pigs. 

Ectotrichophyton radiolatum Sabouraud, 1910. 

Synonym. — Trichophyton gypseum Bodin, pro parte; Trichophyton raiiolatum 
Sabouraud, 1910, 

Isolated by Sabouraud from cases of kerion. Very similar to Jl. menta- 
grophyles, from which it differs in culture by the colour being of less pure 
white, and by the radiating projections being less marked or absent. After 
three to four weeks abundant white pleomorphic duvet appears. 

Ectotrichophyton felineum R. Blanchard, 1895. 

Synonyms. — Trichophylon niveum Sabouraud; T. radians Sabou- 
raud, 1909; T. felineum R. Blanchard, 1895. 

Endo-ectothrix; causes often a pustular ringworm of the body; 
less frequently attacks the hairs. In tlic pustules free spores and 
a few mycelial elements are seen; in the affected hairs the spores 
forming the parasitic sheath are of large dimensions, 7 to 9 in 
diameter. The growth on Sabouraud’s medium is umbilicated, 
with a white powdery surface and numerous radiating projections 
at the peripliery. 

Pathogenicity. — This fungus is found in the cat, and probably 
also in horses, cattle, dogs, sheep, and pigs. In man it causes a type 
of kerion celsi and also a type of vesiculo-pustular tinea corporis, 
called by Sabouraud ‘trichophytosis circinata disidriformis,' and 
' herpes iris vcsiculosus ’ by Biett. 

Ectotrichophyton denticulatum Sabouraud, 1910. 

Synonym. — Trichophyton niveum Sabouraud, pro parte; T. denticulatum. 

Almost identical with E. felineum, but in cultures the radiating projections 
are much shorter and more pointed. 

Ectotrichophyton (Ectotrichophyton) Castellani and Chalmers, 

1918. 

Definition. Ectotrichophyton with large spores about 5-7 
microns. 
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Type Species. — Ecto trichophyton (Ectotrichophyfon) me^nini R. 
Blanchard, 1895. 

Glassification. — The following species are known: — 

E. megnini (R. Blanchard, 1895). 

E. e^uinum (Gedoelst, 1902). 

E. vtnosum (Sabouraud, 1909). 

E. nodoformms (Castcllani, 1912). 

They may be distinguished as follows: — 

A. Mycelial spores very large, 8-9 microns in diameter: — 

I. Old cultures pinkish — Megnini. 

II. Old cultures deep wine red — -Vinosum. 

B. Mycelial spores not large, 2-4 microns in breadth: — ■ 

I. Surface growth abundant, dark red —Ejuimim, 

II. Surface growth scanty and colourless, submerged portion brick 
red — Nodoformans. 

Ectotrichophyton megnini R. Blanchard, 1895. 

Synonyms. — Trichophyton roseum Bodin, 1902; T. rosaccuni 
vSabouraud, 1902; T. megnini R. Blanchard, 1895. 

Endo-cctothrix, mcgalosporon, downy-culture type. Mycelial 
spores found in the hairs are very large, 8 to 9 /z in diameter. On 
maltose agar the growth is at first white, with a velvety appear- 
ance; later, pinkish, or of a deep rose colour. Duvet becomes very 
abundant in old cultures. It is parasitic in fowls and pigeons; 
may infect man, causing a variety of tinea barbae without suppura- 
tion. 

Ectotrichophyton vinosum Sabouraud, 1909. 

Synonym. — Trichophyton vinosum Sabouraud, 1909. 

Endo-ectothrix, mcgalosporon, of downy-culture type. Is very 
similar to E. megnini, but the colour of old cultures is of a deep 
wine-red colour. Abundant duvet. Found by Sabouraud in a 
case of tinea circinata. 

Ectotrichophyton equinum Gedoelst, 1902. 

Synonym. — Trichophyton equinum Gedoelst, 1902. 

Endo-ectothrix, mcgalosporon, downy-culture type. Mycelial^ 
spores of oval shape, 4 to 6 ^ in length, 2 to 4 in breadth. On 
maltose agar the growth is orbicular, with abundant duvet; later 
on, the portion of the growth which is in contact with the medium 
becomes yellowish and afterwards dark red. It is parasitic in 
the horse, and may infect man. 

Ectotrichophyton nodoformans Castellani, 1912. 

Synonym. — Trichophyton nodoformans Castellani, 1912. 

Found in Ceylon in cases of dhobi itch and tinea barbae; not 
very abundant in the lesions. On Sabouraud's agar the growth is 
white, with a powdery surface and a central small knob. The 
growth deepens in the medium, and the submerged portion has a 
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characteristic brick-red colour, which generally disappears after 
repeated transplantations. The surface growth is whitish. 

Glucose Agar, — Growth somewhat more abundant than in 
Sabouraud's agar. Colour of the surface and submerged growth 
white. Red pigment usually absent. 

Maltose 4 per cent, — Scanty growth, no pigment. 

Glycerine Agar. — Growth fairly abundant, no pigment. 

Agar. — Scanty growth, whitish. 

Saccharine. — Same as agar. 

Acionitc. — Same as agar. 

Pathogenicity. — The fungus gives rise to a peculiar type of tinea 
cruris (p. 2042), with very thick, elevated margins and deep-seated 
nodules. It has pyogenic properties, and may spread to other parts 
of the body, in addition to the inguinal regions. It is capable of 
affecting the hair follicles. In one of our cases the fungus affected 
the hairs of the beard, producing a typical ' kerion barbae.' 

Genus Atrichophyton Castellani and Chalmers, 1918. 

Definition.-— Trichophyloneie with mycelium and spores present 
in the lesions and conidia on short stalks, but they do not attack 
hairs. 

Type Species. — Atrichophyton alhiscicans Nieuwenhuis, iqo;. 

Classification. — The following table will indicate the characters 
of the species: — 

A. Has been cultivated : — 

I, Culture whitish with powdery .surtace — Alhiscicans. 

II. Culture brownish mass with deep furrows — Macfadyeni. 

111. Cultures pinkish with violet tinge — Viannai. 

15. Has not been cultivated : — 

I. Spores are nninerous and of various size^—Blanchardi. 

II. Spores are few and about 4 microns in diameter — Ceylonense. 

Atrichophyton alhiscicans Nieuwenhuis, 1907. 

Synonym. — Trichophyton alhiscicans Nieuwenhuis, 1907. 

Discovered by Nieuwenliuis in tinea albigena. In fresh prepara- 
tions from scrapings spores arc absent; the mycelial tubes are 
straight, occasionally sliowing a double contour; they are often 
dichotomous. On Sabouraud's agar the growth is very slow, 
whitish, with a powdery surface. 

Atrichophyton blanchardi Castellani, 1905. 

Synonym. — Trichophyton sahouraudi Castellani, 1905; T. hlan- 
chardi Castellani, 1905. 

Temporary species, as the fungus has not been grown. In fresh 
preparations from the lesions the mycelial tubes are not, as a rule, 
quite straight; they are often banana-shaped; do not show a 
double contour; the mycelial segments are separated, the mycelial 
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spores are shed without forming a filament by their union, and 
are of various sizes. All attempts at cultivation have failed. 
It is the cause of tinea Sabouraudi tropicalis. 

Atrichophyton viannai de Mello, 1917. 

Synonym. — Trichophyton viannai de Mello, 1917. Found by 
F. de Mello in a case of tinea corporis. Colonies on Sabouraud’s 
maltose-agar pinkish with often a violet tinge. 

Atrichophyton ceylonense Castellani, 1908. 

Synonym. — Trichophyton ceylonense Castellani, 1908. 

Found by Castellani in cases of tinea nigro circinata. Temporary species, 
cultivation having not been obtained ; possibly a variety of A . blanchardi. 
In fresh preparations the spores are very few in number, roundish, rather 
large {4 /x), showing a double contour. The mycelial tubes are about 3 J (jl 
in breadth, straight, or variously bent. It is found in tinea nigro circinata. 

Atrichophyton maefadyeni 

Castellani, 1905. 

Synonym. — Trichophyton mac- 
jadyeni Castellani, 1905. 

Found by Castellani in some 
cases of tropical tinea corporis. 

In fresh preparations mycelium 
and spores are rather of small 
dimensions. The mycelial tubes 
are regularly shaped, do not show 
swellings, and are about 2\ in 
breadth. The free spores are very 
numerous, and present a peculiar 
ovoid shape, the maximum diameter 
being 2^ to fi. In stained 
preparations the spores present a 
bipolar staining. The fungus 
grows with difficulty; on the rare 
occasions when the inoculations are successful, the growth is very 
slow, the colonies coalesce, forming a brownish mass, with deep 
furrows, and deeply rooted in the medium. 



Fig. 508. — Atrichophyton maefad- 
yeni Castellani. 

(Stained with fuchsin.) 


Incert^ Sedis. 

Trichophyton balcaneum Castellani, 1916. 

Found in cases of peculiar condition of the scalp in the Balkans, 
which clinically resembled more a diffuse type of severe pityriasis 
sicca than a trichophytic affection. 

When grown on glucose agar from scales it slowly formed a 
somewhat crinkled growth of whitish colour. An interesting 
characteristic of this fungus is that apparently it does not become 

64 
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pleomorphic, even after very numerous transplantations. Gelatine 
is rapidly liquefied. It does not form gas in any carbohydrate 
medium. 

Microscopically the fungus shows features intermediate between 
a trichophyton sms lato, amicrosporum and an'achorion. 




Figs. 509 and 510. — Cultures of 
Trichophyton balcaneum Castel- 
LANi: Glucose Agar. 



Fig. 51 1 . — Microscopical Appear- 
ances of Trichophyton balcaneum 
Castellani : Hanging - drop 
Culture. 


Genus Achorion Remak, 1845. 

Definition. — Trichophytoneae v/ith mycelial filaments and spores 
in the lesions; in cultures conidial-bearing hyph^e present, with 
spores situate laterally and apically. Fusiform bodies in cultures 
in the form of swollen claviform ends of filaments. Yellow favic 
scutula present in lesions. 

Type Species. — Achorion schoenUini Lebert, 1845. 

Remarks. — The fungi belonging to this genus often show during 
parasitic life much longer mycelial segments than Trichophytons 
and Microsporons ; masses of them, developing in hair follicles, 
form the well-known sulphur-coloured scutula which always develop 
round a hair. In the hairs the mycelial tubes are frequently tri- 
chotomous and tetrachotomous, forming structures which have been 
compared in appearance to tlic skeleton of the human foot, and 
called ' favus tarsi.' 

Cultures. — Sabouraud has noted that in hanging-drop cultures 
the spores sometimes develop very slowly, sometimes rapidly. 
When the development is slow, there is formation of numerous 
chlamydospores of various sizes, with a double contour membrane. 
When the development is rapid, one notes that the mycelium 
ramifies quickly in every direction, with presence of very few or 
no chlamydospores. The following structures may be noted : 

I. Claviform Bodies. — The terminal portion of some filaments 
becomes swollen and claviform. These claviform filaments have 
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been compared by some authorities to the ‘ spindles ’ of the Tri- 
chophytons and Microsporons, but they are slenderer, and not 
septate. The French authors call these formations ' chandeliers 
faviques,' on account of their shape somewhat resembling a candle- 
stick. 

2. Favus Yellow Bodies. — The protoplasm of some filaments 
collects itself at the terminal ends, the filaments becoming much 
thinner, and terminating in roundish or oval bodies, which must be 
considered to be terminal chlamydospores. It is to be noted that 
in the typical Achorions of human origin conidia-bcaring hypha^ are 
not seen, while these arc present in the Achorions of animal origin, 
in wliich separate spindles may be present. 

Media. — Achorions grow well on all the usual sugar media, 
especially Sabouraud’s agar and glucose agar. They generally 
liquefy gelatine fairly rapidly. 

Pleomorphism. — Very common in all Achorions. If a culture 
becomes pleomorphic, it is impossible to make it revert to the 
original type. 

Transmission. — In the case of Achorions of human origin infection 
takes place from man to man; in the case of Achorions of animal 
origin infection takes place from the lower animals. It is not 
impossible that Achorions may live .saprophytic ally in nature. 


Genus. 


Achorion Remak, 18.15 


Table of Achorions. 


C Of human origin \ 
I (typical) / 

I Of animal origin / 
y (non-typical) | 


Species. 

A. schocnleini Lebcrt, 1845. 

A. quinckeanum Zopf, 1890. 
A. gypseum Bodin, 1907. 

A arloingi Blanchard, 1891. 


These may be recognized as follows: — 

A. Whitish-yellow cerebriform colonies — Schoenleini. 

B. White downy colonies — Quinckeamim. 

C. Yellowish colonies — Gypseum. 

A. arloingi has not been properly described. 


Achorion schoenleini Lebert, 1845. 

Synonyms. — Oidium schoenleini Lebert, 1845; 0. porriginis Mon- 
tague; Obspora porriginis Saccardo, 1886; Oidium schoenleini Zopf, 
1890. 

Causes the well-known affection called favus, which is char- 
acterized by the presence of peculiar disc-shaped crust formations, 
called scutula, of a sulphur-yellow colour, and emitting an offensive 
odour which has been compared to the smell of mice’s urine. 

The fungus may infect the hairs or glabrous parts of the body; 
it may attack the nails. In the hairs the mycelium is very abun- 
dant, the segments being comparatively long. Sometimes the 
mycelial threads divide into three or four branches, each of which 
terminates in a single row of roundish spores. This is known as 
favic tarsus. 
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Cultures. — The fungus is easily cultivated on various media. 
On Sabouraud's agar and on glucose agar the growth, when com- 
pletely developed, is convoluted or cerebriform, and somewhat 
bulging. It has been compared by Sabouraud to the appearance 
of a sponge. The colour is white-yellowish, like that of old wax. 
After a time cultures become pleomorphic and abundant; white 
duvet is present. To prevent pleomorphism, media not containing 
sugars should be used (see p. 996). 

A. schoenleini liquefies gelatine in between three to four days, 
while the Trichophytons take generally between fifteen to twenty 
days. 

By inoculation of pure cultures of the fungus favus lesions are 
produced in man, dogs, mice, rabbits, and fowls. The inocula- 
tion in guinea-pigs does not give 
rise to typical favus lesions with 
scutula, but to circinate tri- 
chophytic-likc lesions. 




Fig. 512. — So-CALi.ED Yellow 
Bodies in Cultures of Acho 
rion schoenleini Lebert. 

(After Bodin.) 


Fig. 513. — Claviform Bodies 
IN Cultures of A chorion 
schoenleini Lebert. 


Reproduction. — This takes place — 

1. By sprouting. 

2. By elongated fusiform structures analogous, according to 
some authorities, to the so-called ‘ spindles ' of the Trichophytons 
and Microsporons, but they are slenderer and not septate. These 
formations are called by the French authors ‘ chandeliers faviques,* 
on account of their shape somewhat resembling a candlestick. 

3. By so-called ‘ favus ' or ‘ yellow bodies,* which are structures 
8 to 15 ytx in diameter, generally terminal, showing a double contour, 
and containing a granular substance. These structures should 
probably be considered to be chlamydospores (see also general 
remarks on the genus Achorion). 

Sabouraud admits only one species of human A chorion, but 
Neeb and Unna have described as many as nine: Achorion cys~ 
ticum, A. tarsiferon, A. moniliforme, A. demergens, A. akromegalicum, 
A, dikroon, A. radians, A, euthythrix, A. atacion. Sabouraud's 
opinion is the one generally accepted at the present time. 
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Achorion quinckeanum Zopf, 1890. 
fungus cippcurs in tlic lesions in the shape of numerous 
mycelial filaments often dissociated in so many small segments 
constituting so-called spores. Grows readily on Sabouraud’s agar, 
producing white, downy colonies. 

This fungus Imtanically holds an intermediate position between 
the typical Achorions and the Microsporons and Trichophytons, 
conidia bearing hyphae of the type Acladinm being present. It 
produces, however, typical favus lesions with scutula. 

Pathogenicity. — Is the cause of favus in mice, and may occa- 
sionally infect man, in whom, too, it induces typical favus. It can 
l)c inoculated into guinea-pigs. 

Achorion gypseum Bod in, 1907. 

Found by Bodin in 1907 in a typical case of favus. On Sabour- 
aud's agar the growth, which is roundish, presents a little white 
duvet in the centre, while the rest has a glabrous surface of yellowish 
colour. Old culture's become pleomorphic, with presence of abun- 
dant white duvet all over the growth. Botanically the fungus is 
clos(;ly allied to the Trichophytons and Microsporons, but gives rise 
to typical favus, with scutula, when inoculated in mice and guinea- 
pigs. The inoculation of pleomorphic cultures does not cause any 
eruption. 

Achorion arloingi R. Blandiarrl, 1891. 

Synonym, — Achorion arloingilEus(\wcy 1891. 

Incompletely known species. Was isolated from a human trichophytic- 
like eruption by D6sir de Fortunct and Courmont. Is said to be inoculable 
into mice, rabbits, and man. 

Genus Lophophyton Matruchot and Dassonville, 1899. 

IMycelial fdaments, either tortuous, very thin, or thick, with granular 
proLoplasm. No spores present. One species only. 

Lophophyton gallinse Megnin, 1881. 

Synonyms. — Epidermophyton gallincc Megnin, 1881; Lophophyton gallince 
Matruchot and Dassonville, 1899; Achorion gallince Sabouraud, 1910. 

In the lesions mycelial filaments are seen, some thin and tortuous, without 
practically any protoplasm; others of much larger dimensions, with granular 
protoplasm. No spores observed. The fungus is easily cultivated, and is 
inoculable into rabbits, mice, and fowls, in which it gives rise to typical 
lavus lesions. In man it docs not produce favus, but merely trichophytic-like 
erytliematous, squamous patches. 

Genus Epidermophyton Lang, 1879, cmendavit Sabouraud, 1907. 

Definition.— 1 richopliytinctc wdth mycelial filaments and spores 
present in the lesions and with pluriseptate spindles present in 
the cultures. Does not attack the hairs or hair follicles, but grows 
in tlie superficial layers of the epidermis. 

Type Species. — E pidermophyton cruris Castellani, 1905. 

Remarks. — -The fungi belonging to this genus, which lias been 
investigated by Sabouraud and Castellani, grow superficially on the 
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skin without invading the hairs and hair follicles; do not produce 
suppuration. Reproduction takes place principally by pluriseptate 
spindles, with, on the average, four to six cells. The septa, as noted 
by Pinoy, may not be complete, and the cavities may communicate. 
Spiral hyphce, as found in most species of Trichophyton, absent; 
pectinate structures, as found in the Microsporons, absent ; no spore- 
bearing hypha;, with lateral conidia of type Acladium, as noted 
both in the Trichophytons and in the Microsporons. The cultures 
undergo rapid degenerative changes, losing their characteristics, and 
becoming covered with abundant undorm, long, whitish duvet 
(pleomorphism) . They are not inoculable into guinea-pigs, except 
Pinoy^s Epidermophyton simii. The species so far known have 
been isolated from human lesions, except the Epidermophyton 
discovered by Pinoy in monkeys. 


Ta.ble of Epiuermophytons. 


(ieiius. 

Epidermophyton Lang, 1879, emendavit\ 
Sabouraud, 1907 j 


Specie:''. 

E. cruris Caste] lani, 1905. 
E. perneti Castellani, 1907. 
E. rubrum Castellani, 1907. 


These species may be recognized by their growths on SabouraueVs 
agar:— 


A. Colour peculiar yellow — Cruris. 

B. Colour pinkish — Perneti, 

C. Colour deep red — Rubrum, 

For E, simii Pinoy, 1911, we have created the gemx^PinoyeUa. 


Epidermophyton cruris Castellani, 1905. 

Synonyms. — Trichophyton cruris Castellani, 1905 ; Epidermo- 
phyton ingiiinalis Sabouraud, 1907; T. castellanii Brooke, 1908. 

Found in cases of tinea cruris in Ceylon by Castellani, and in 
France by Sabouraud. The fungus is very abundant in recent 
cases, extremely scarce in old ones. The mycelial tubes in recent 
cases are generally straight, have often a double contour, and the 
segments are somewhat rectangular, their breadth being 3^ to 4^ pt,. 
Branching is not rare. The spores arc rather large (4 to 7 /i), 
roundish, and have generally a double contour; they do not collect 
in clusters. In chronic cases degeneration forms of the fungus 
are met with; the mycelium may be banana-shaped, may show 
several constrictions, or long strings of ovoid elements may be 
seen. 

This Epidermophyton grows well, but rather slowly, on Sabour- 
aud’s agar. The growth begins to be visible after four to eight 
days, the colonies being at first of a peculiar yellow colour, lemon- 
yellowish or orange-yellowish, occasionally with a greenish tinge. 
Later they become white, with pulverulent surface, and may be 
acuminate or crateriform. Pleomorphism, with abundant white 
duvet, develops quickly. 

This fungus in Ceylon is the commonest species found in cases 
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of tinea cruris It is not inoculable into guinea-pigs. Attempts 
at reproducing the eruption in man by inoculating pure cultures 
have also failed. 

Epidermophyton perneti Castellani, 1907. 

This fungus has been described by Pernet. It differs from 
E. cruris by growing much more rapidly on Sabouraud’s agar and 
by the cultures having a delicate pinkish colour, which is generally 
lost in subcultures. It is very rare in Ceylon. 

Epidermophyton rubrum Castellani, 1909. 

Synonym. — Trichophyton purpurenm Bang, 1910. 

This fungus was described by Castellani in Ceylon in 1909, and 
by Bang in France in 1910. On Sabouraud’s agar the growth 
begins to appear four to six days after inoculation as a raised red 
spot, which gradually enlarges. At complete development the 
growth is of a deep red colour, cither with a central knob or crateri- 
form, and is partly covered with a white, delicate duvet. In old 
cultures the white duvet is much more abundant and thicker, and 
may hide the red pigmentation almost completely. 

On glucose agar (4 per cent.), which is the best medium for this 
fungus, the growth is of a very deep blood-red colour, and the red 
pigmentation may spread to portions of the medium itself. In 
old cultures abundant white — occasionally white-greenish — duvet 
is present. This may hide the pigmentation, but, scraping out 
the duvet, the red pigmentation will be found to be still well 
marked. On ordinary agar and glycerine agar the fungus grows 
fairly well, but tlieri^ is no red pigmentation. 

Genus Endodermophyton Castellani, 1909. 

Definition. — Trichophytonc^e with mycelial filaments and spores 
in the lesions, but no conidial filaments in cultures. Pluriseptate 
spindles unknown; grows between the superficial and deep layers 
of the epidermis, and does not attack the hairs or hair follicles. 

Remarks. — The fungi belonging to this genus are characterized 
by their growth between the superficial and deep strata of the 
epidermis, forming an interlacing felt of mycelia, which detaches 
the horny and granular layers from the rete Malpighi. They do not 
invade the hair follicles, and do not cause suppuration. They have 
been cultivated by Castellani. 

Cultures. — Botanically, these fungi arc closely allied to the 
A chorions, as remarked by Sabouraud and Pinoy, who have exam- 
ined Casfcellani's cultures. Attempts at cultivation failed for a long 
time, as they generally do not grow on solid media direct from the 
scales. These, after being treated with alcohol for five to ten 
minutes, must be placed in glucose-broth tubes, one scale in each 
tube. Most of the tubes become contaminated with bacteria, but 
in those which remain clear, after a time (five to ten days) a few 
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delicate, short, white filaments will be seen originating from the 
scale. The growth slowly increases until, after three to four weeks, 
it takes the appearance of a small, white, fluffy mass, with a dark 
spot (the scale) in the centre. Portions of the broth cultures are 
sown on solid sugar media, on which growth takes place now quite 
easily. Fungi can then be indefinitely subcultured on solid media. 
The fungi grow much more abundantly on glucose agar, 4 per cent., 
than on Sabouraud or any other media. 

Reproduction— In hanging-drop cultures long mycelial filaments 
are seen; no conidia-bearing hyphse are present; reproduction is 
apparently by sprouting, branching taking place; but further 
investigation is necessary on the subject. 

Pleomorphism. — Pleomorphism is much less marked than in the 
Trichophytons, Epidermophytons , and Achorions, but old cultures 
may lose their characteristics, becoming covered with duvet. 

Table showing Endodermophytons found in Man in Order 
OF Frequency. 

E. tropicale Castellani. 

E. indicum Castellani. 

E. concentricum Blanchard. 

E. mansoni CavStellani. 

These may be recognized as follows: — 

A. Glucose agar cultures amber coloured, no duvet or only slight — > 

T ropicale. 

B. Glucose agar cultures deep red: — 

I. Causes Tinea imbricata — Indicum, 

II. Causes Tinea inter secia — Castellanii. 

C. Glucose agar cultures after a time black: — 

I. Pigmentation fairly slow — Concentricum. 

II. Pigmentation very rapid — Mansoni. 

Endodermophyton tropicale Castellani, 1914. 

Remarks. — Manson, in 1872, described a trichophyton-like 
organism in the squamae of tinea imbricata ; with the laboratory 
techinque of that time attempts at cultivation did not succeed. 
Blanchard considered it non-cultivable, and called it Trichophyton 
concentricum; on the other hand, Nieuwenhuis stated that it was 
quite easily cultivable, and was characterized by the colonies being 
crateriform. His researches were not confirmed. In recent years 
the general opinion has been that aspergillus-like fungi were the 
real cause of the disease. Tribondcau described fructifications 
somewhat similar to those of an Aspergillus, and created for the 
fungus the genus Lepidophyton. Wehmer has described it as a true 
Aspergillus — Aspergillus tokelau. Castellani, from the investiga- 
tions he has carried out in Ceylon, has come to the conclusion that 
Aspergillus and aspergillus-like fungi have nothing to do with the 
disease. When they are present in the squamae, they are merely 
saprophytes or contaminations. By using a special technique he 
has succeeded in growing what he considers to be the true fungi 
causing the disease. He recognized at first two species, and more 
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recently four, further investigation having shown that the term he 
used for one species (concentricum) covered more than one species. 

Endodermophyton tropicole is very abundant in the lesions, 
forming a felting of interlacing mycelial threads with mycelial 
articles, regular in shape, rectangular or somewhat square-shaped, 
and usually straight. If the liquor potassas be left to act some time, 
the mycelial articles, whicli are of very variable length, and 2^ to 
3J (I in breadth, will be seen to have a double contour. Aspergillus 



Fig. 514. — Endodermophyton 
tyopicalc Ca.sthllani : Glucose 
Agar Culture. 


Fig. 515.^ — Endodermophyton 
tropicale Cas tellani : Old Glu- 
cose Agar Culture. 


fructifications, described by so many authors, when present, are due 
to contaminations; they form no part of the fungus. Cultivation 
of this fungus has been obtained by Castellani, using the method 
mentioned in the paragraph above on the genus Endodermophyton. 

The principal cultural characters on solid media, when the growth 
is fifteen to twenty-one days old, are as follows: — 

Glucose Agar (4 per cent .). — Growth abundant; surface cerebriform or 
crinkled. The growth and the medium show a slight amber colour, which 
later on may become of much deeper hue. Duvet as a rule absent, but in 
old cultures which have been transplanted many times and are degenerating, 
some very scarce, short, whitish duvet may appear. 

Sahouraud Agar . — Growth comparatively scanty, whitish-grey, mostly 
submerged. The colonies are whitish, have generally a small central knob 
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and never show any duvet. The submerged portion is very firmly embedded, 
and often presents projections deepening in the medium. Colour ot ttie 
medium unchanged. 

Glycerine Agar. — Similar growth to Sabouraud’s agar. When the colonies 
coalesce, the growth shows a knobby surface. No duvet. 

Ordinary Agar. — Scanty growth, somewhat similar to Sabouraud. No duvet. 

Mannite Agar (4 per cent). — Appearance somewhat similar to glucose, but 
growth less abundant. The medium may take a slight amber colour. No 
duvet. 

Saccharose Agar (4 per Growth rather scanty, similarto Sabouraud. 

Duvet absent. 

Nutrose Agar (4 per cent). — ^ Very slow growth. Separate young colonies 
have a central knob; they coalesce later into a knobby mass. 



Fig. 516. — Endodermophyton iropicale] Fig. 517. — Endodermophyton 
Casteixani: Agar Culture. Castellani: Mal- 

tose Agar Culture. 


Maltose Agar [Acid). — Similar to Sabouraud. 

Maltose Agar (Alkaline). — Similar to Sabouraud. 

Adonite Agar. — Not very abundant; cerebriform; duvet absent. 

Galactose Agar. — Knobby or cerebriform. 

Levulose Agar. — Knobby. 

Raffinose Agar. — Cerebriform. 

Tnulin Agar. — Cerebriform. 

Saccharine Agar (4 per cent.). — Somewhat knobby surface; duvet absent. 

Lactose Agar. — Similar to Sabouraud, but surface growth more abundant. 

Gelatine. — Very slow liquefaction of the n^edium. 

Milk. Very scanty growth. After a time the medium becomes separated. 

Sugar Broths (Maltose, Lactose, etc.). — Slight growth at the bottom of the 
tube; no production of acid or gas. 

Hanging-Drop Cultures. — In hanging-drop cultures (Sabouraud’s 
maltose broth) long mycelial threads are seen. Reproduction is 
apparently by sprouts from the mycelium, branching taking place. 

Pathogenicity. — The fungus is the cause of a common type of 
tinea imbricata. Castcllani has demonstrated that the inocula- 
tions into human beings of cultures of the fungus reproduce a typical 
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form of tinea imbricata, and that from the scales of the eruption, 
experimentally induced, the same fungus is recoverable. For 
further details see Chapter XCH. on Tinea Imbricata (p. 2509). 

Endodermophyton indicum Castellani, 1911. 

This fungus was found by Castellani in some cases of tinea imbri- 
cata. Tile microscopical appearance of the fungus in the scales is 
identical with E. tropicale. The principal cultural characters on 



Fig. 518. — Patch of Experi- Fig. 519. — Endodermophyton 

MENTAL Tinea Imbricata in a Castellani: Hang- 

SlNGHALESE BOY, OBTAINED BY ING-DroP CULTURE. 

INOCULATING A CULTURE OF En- 

dodevmophylon indicnm, 

solid media, wl;en Ihe growth takes place in the dark, about 80° 
to 85° F., without rubber caps on the tubes, and is between fifteen 
and twenty-one days old, are as follows: — 

Glucose A^ar (4 per ccr/.) .—G rowth fairly abundant, with surface some- 
what convoluted or furrowed. Portions of the growth, often the central, 
is of a deep orange, or pinkish-orange, or red-orange, occasionally of bright 
red colour. The surface of the rest of the growth often appears white and 
powdery, being covered by a very short delicate white duvet. 

Sahouraud Agar. — Slow growth, with powdery surface, either with central 
knob or convoluted. The growth does not deepen in the medium so much 
as E. concenlricum. 

Glycerine Agar. — Growth abundant, white or amber colour; delicate white 
short duvet present on some portions of the growth. 

Ordinary Agar.- — Growth fairly abundant; knobby surface covered by 
snow-white very short delicate duvet. 

Mannite Agar. — Growth knobby or convoluted, covered by short white 
duvet. 

Saccharose Agar. — Cerebriform, covered by white duvet. 

Saccharine. — Crinkled surface; delicate white duvet present. 

Maltose Agar (Acid). — Somewhat similar to Sabouraud’s, but the surface 
growth is more abundant. 

Maltose Agar (Alkaline). — Similar to acid maltose, but the wliite duvet is 
more abundant. 

Lactose Agar. — Knobby surface covered by snow-white duvet. 

Nutrose Agar. — Yellowish crinkled surface; short white duvet present. 

Levulose Agar. — Scanty growth, yellow or orange; scarce; very short white 
duvet present. 

Galactose Agar. — Fairly abundant; surface convoluted with abundant, 
short snow-white duvet. 
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Raffinose Agar , — Same appearance as galactose 
Inulin Agar . — Same appearance as in ealactnq^ 

Adoniie Cerebriform; surface covered with 

Gelatine.-Very slow liquefaction. snow-white duvet. 

scpatted"’''-''"'' mediummay become 

Various Sugar Broths (Maltose, Lactose Pfr\ , 

of the tube. No production of acid or gaL growth at the bottom 

The annexed table shows at a glance ^ li. i . 

of the two fungi in the principal media. cultural characteristics 



Fig. 520 . — Endodermophyton indicum 
Castellani: Agar Culture. 


Fig. 521. — Endodermophyton in- 
dicum Castellani : Glucose 
Agar Culture. 


Comparison between the Cultural Characters of Endodermophyton 
tvopicale and of Endoievmophyion indicum. 


Media. E. tvopicale. 


E. indicum. 


Glucose agar 


Sabouraud agar 


Agar 


Glycerine agar . 


Amber colour, duvet absent 
in young cultures. 

! Growth scanty, mostly sub- 
merged, grey - whitish 
duvet absent. 

Scanty, mostly submerged ; 
similar to Sabouraud 
agar; no duvet. 

Growth mostly submerged; 
surface growth very 
scanty ; similar to Sa- 
bouraud agar ; no duvet. 


Deep orange, at times, 
pinkish or red , very short 
white delicate duvet 
often present. 

Surface growth more abun- 
dant, powdery white. 

Fairly abundant, knobby 
well-marked snow-white 
duvet. 

Surface growth very abun- 
dant; crinkled appear- 
ance; white short duvet 
present. 


The above characters are based upon the appearance of cultures kept in 
the dark at a temperature 80® to 90® F., and without rubber caps. If any of 
these conditions are altered, the cultural characters are changed. If rubber 
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c^ps are used, both E, indicutn and E, iropicale may assume a bright red 
colour. If, however, subcultures are made from these, using tubes without 
rubber caps, the fungi again show the characters given above. 


Hanging-Drop CuJ- 
tures. — Long mycelial 
filaments are present. 
No free spores are 
seen; reproduction is 
apparently by sprouts 
from the mycelium. 

Pat h ogenicity . — Th e 
fungus is the cause of 
a certain number of 
cases of tinea imbri- 
cata. The type of 
the disease caused by 
this fungus seems to 
be more superficial 
than that caused by 
Fig. $22. — hndodeyyyiophyion indicum Castel- iyopiculc, but fur- 
LANi IN THE SCALES. thcr researchcs are 



required on this sub- 
ject. Castellani has succeeded in experimentally reproducing the 
disease by inoculating coolies, who had volunteered, with pure 
cultures of the fungus. The skin was first scarified with a sterile 
knife; then a certain amount of a pure agar culture of E. indicum 
was well rubbed in. After 
fifteen to twenty-one days the 
first signs of the eruption ap- X 

peared, and the typical patches / f '' \ 

of tinea imbricata developed. / /f \ 

From the scales of the experi- / _ fj \ 

mental cases a fungus was / '\\ \ 

grown absolutely identical with I "iv n ' 

the .strain of E. indicum witli 

which the individuals had ])een \ / 

inoculated. \ I / 


Endodermophyton castellanii \ / 

Perry, 1907. X 3 ^ 

Found by Castellani in cases 

of tinea intersecta. In the scales Fig. Endodermophyton 

the mycelium is fairly abundant ; castellanii Perry. 

no free spores are seen. Mycelial 

segments uniform, rather straight, and, provided the liquor potassse 
sufficient time, they often show a double contour. 
Their breadth is 2I to si /i. Each mycelial segment has two 
roundish refrmgent dots, one at each extremity. Has been 
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cultivated only on one occasion, the cultures being apparently 
similar to those of E. ifidicum. It is the cause of tinea 
intersecta. 


Endodermophyton coneentricum Blanchard, 1901. 

Cultures on glucose agar are at first amber colour, but after four to eight 
weeks become jet-black and covered with abundant duvet. 

Endodermophyton mansoni Castellani, 1914. 

Portions of the growth are black from the very first, scanty duvet. 

Genus Pinoyella Castellani and Chalmers, 1908. 

Definition. — Trichophytoneae with mycelial filaments and spores 
in the lesions, and in cultures conidial-bearing hyphse, with the spores 
situate laterally only. 

Type and only Species. — Pinoyella simii (Pinoy, 1911''; Epider- 
mophyton simii Pinoy, 1911. 

Discovered by Pinoy in a trichophytic-like eruption observed 
in a monkey. On Sabouraud's agar the growth is at first yellowish- 
orange, somewhat similar to Epidermophyton cruris; later, the 
growth is whitish and covered with white duvet. 

Pinoy’s fungus has several interesting botanical features, some 
of which are those of the genera Microsporon and Trichophyton. 
In contrast to the typical Epidermophytons , it presents spore- 
bearing hyphae witli lateral conidia, and is inoculable into guinea- 
pigs, in which it produces a trichophytic-like eruption. 

Genus Montoyelia Castellani, 1907. 

Definition. — Trichophytoneae with mycelial filaments and spores 
in the lesions, in cultures conidial-bearing hyphae with only terminal 
spores. 

Remarks. — -Temporary genus. Two kinds of mycelial threads: 
some slender, ramified, septate; others much thicker, having 
numerous intermediate chlamydospores. From the thicker fila- 
ments delicate hyphae take origin, which terminate in large pear- 
shaped or globular conidia. 

Type Species. — Montoyelia nigra Castellani, 1907. 

Glassification. — There are two species, which may be differentiated 
as follows : — 

A. Cultures black — Nigra. 

B. Cultures whitish or greenish — Bodini. 

Montoyelia nigra Castellani, 1907. 

Temporary species. Colonies on maltose agar are black. If 
glycerine agar is used, the medium takes a black colour. This 
species, discovered by Montoya, is common in black pinta. 

Montoyelia bodini Castellani, 1907. 

Temporary species. Colonies whitish or greenish. 
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family aspekgillace^.. 

Definition.— Aspergillales with compact peridium, small sessile 
closed perithecia. . 

Type Genus. — Aspergillus Micheli, 1729* 

Classification.— The genera of the Aspergillace^e can be recognized 

as follows: — 

A. spores unicellular : — 

I. Peri theci urn beaked — Microascus. 

II. Peritheciiim not beaked: — 

{a) Perithecia with appendages — Cephalotheca 
(b) I’crilhecia without appendages: — 

1. Conidiophores absent — Thelavia. 

2. Conidiophores present: — 

(a) Conidia solitary — Aphanoasctis. 

(b) Conidia in chains: — 

(i.) Conidiophores simple — Emericella. 

(ii.) Conidiophores enlarged apically and bearing 
sterigmata : — 

(1) Sterigmata simple — Aspergillus. 

(2) Sterigmata branched — Sterigmaiocystis. 

(iii.) Conidiophores branched: — 

(1) Sympodially branched — Euroiiopsis. 

(2) Bushy branched: — 

(a) In bundles, perithecia stalked — Penicil- 

liopsis. 

(b) Not in bundles, perithecia sessile — 

Penicillium. 

B. Spores bicellular — Testudina. 

Wc are concerned with the genera Penicillium, Aspergillus, and 
Sicrigmatocysiis, of which the following species are parasitic in 
man: 


^ P. crustaceum Linnaeus, 1763. 

P. minimum Siebenmann, 1889. 

P. barb O' Castellani, 1907. 

Penicillium Link, 1809 montoyai Castellani, 1907. 

P. pruriosum Salisbury. 

]\ brevicaule var. hominis Brumpt and 
Langeron, 1910. 


Sterigmatocysiis Cramer, 



S. antacustica Cramer, 1859. 
S. nidulans Eidam, 1883. 


A. fumigaius Fresenius, 1775. 

A. flavus Link, 1791. 

A. bronchialis Blumentritt, 1901. 
A. nigrescens Robin, 1851. 

A. repens De Bary, 1870. 
Aspergillus 1725 A. malignuslAndt, 1889. 

A. picior R. Blanchard, 1895, 

A. barbcB Castellani, 1907. 

A. houffardi Brumpt, 1905. 

A. herhariorum Wiggers, 1780. 

A . fontoynonti Gu6guen, 1909. 
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Genus Penicllllum Link, 1809. 

The whole frait-bearing hypha with its sterigmata and conidia 
resembles a hair-pencil, hence Ihe name of the genus (Penictllium=^ 
hair-pencil). The conidiophore hypha shows verticillate branches 
which give rise to slender fusiform formations (sterigmata) abstrict- 
ing chains of conidia. ^ 

Penicillium crustaceum Linn^ens, 1763. 

Synonyms.— Miicor^ crusiaceus albus Linnaeus, 1763; Monilia 
(It^ivata ox soow. , i^lanc'KfH l^/iiinajns, t8o ^’ cxpansufyi 

Linnaeus ;P. criistacenin Fries, 1819. 

An extremely common saprophyte found on bread, clieese, fruits, 
and various organic substances in a state of decomposition. The 
conidia are spherical or slightly elliptical, of bronze colour, with 
smooth surface; maximum diameter 4 /x. This fungus grows well 
at any temperature between 2° and 35" C., and is very resistant. 



FiCf. 524. — Asper- Fig. 525. — Sterig- Fjg. 526. — Penicil- 

GiLLUs Fructifi- matocystis Fruc- lium Fructifica- 

CATION. TIFICATION. TION. 

(After Brumpt.) 

It has been found by Maggiora and Gradenigo in two cases of 
otitis media. Heinhorn has observed it in the vomiting of four 
cases of acid dyspepsia together with AspergiJhis herlariornm. 

Wertheim has observed that the intravenous inoculation of P. 
crustaceum is pathogenic to rabbits, dogs, and lambs. 

Penicillium minimum Siebenmann, 1889. 

Conidia are roundish, smooth, of a brownish-black colour; smaller 
than in 7 ^. crustaceum , being 2-5 to 3 in diameter. Was found in 
a case of acute otitis by Siebenmann. 

Penicillium montoyai Castellani, 1907. 

Synonym. — P. pictor Nevcu-Lemaire, 1908. 

Conidia roundish or slightly oval, smooth, 3 io 4 ^^ in diameter. 
Grows well on maltose agar and ordinary ngar; cultures of dark 
greyish colour. Discovered by Montoya in cases of pinta, of the 
greyish-violet variety. Similar species, not yet well defined, are 
found in other varieties of pinta. 


65 
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Penicillium brevicaule var. hominis Brumpt and Langeron, 1910. 
Found by Brumpt and Langeron in two cases of onychomycosis. 
In the lesions septate mycelial threads were seen, 2 to 10 ^ in 
diameter, and large groups of chlamydospores, generally terminal, 
10 to 3(; /« in diameter. The fungus is ea.sily cultivated on Sabou- 
raud's agar and other sugar media, also on potatoes and carrots. 
Optimum temperature 25° C., but grows well also at 37° C. Conidia 
.sphi.ric.'il or occasionally ovoid, of a cliocolatc colour. 



Fig . 527 . — Pencillium hrevi- 
caule V his., hominis Brumpt 
AND Langeron. 

(After Brumpt.) 


Fig. 528. — Penicillium brevicaule var. 

hominis Brumpt and Langeron. 
(Preparation from the diseased nails, 
after Brumpt.) 


Penicillium barb® Castellani, 1907. 

Found by us growing on the beard of natives of equatorial Africa, and in 
natives of Ceylon. 

Penicillium pruriosum Salisbury. 

Doubtful species found by Sahsbury in the vaginal mucus of a woman 
suffering from intense vaginal pruritus. 


Genus Aspergillus Miclicli, 1725. 

The coiiidiopliore hyphai are not ramified, and terminate into 
ovoid or roundisli formations, which support numerous claviform 
elements (sterigmata), each of which sup- 
ports a chain of roundish conidia. 

Aspergilli arc generally saprophytes, 
but they may become parasites. They 
are easily grown on acid media, liquid or 
solid, and also on alkaline media. Iron and 
manganese have a favourable influence on 
the growth and sporulation of these fungi. 

A medium much used is Raulin's liquid, the 
formula of which is: Cane-sugar, 70 grammes; 
tartaric acid, 4 grammes; ammonium nitrate, 
4 grammes; ammonium phosphate, o 60 gramme; 
potassium carbonate, o-6o gramme; magnesium carbonate, 0*40 gramme; 
ammonium sulphate, 0-25 gramme; zinc sulphate, 0 07 gramme; ferrous 
sulphate, 0*07 gramme; potassium silicate, 0*07 gramme. 

Fungi of the genus Aspergillus, when growing parasitically in the 
tissues, often lose their characteristics; the typical fructifications 



Fig. 529. — Aspergillus 
Fructification. 
(After Brumpt.) 
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are absent, and only mycelial threads and roundish or oval yeast - 
like bodies are seen. 

The various species may be differentiated with difficulty as follows. 

: cannot be differentiated : — 

A. Green species : — 

1 . Spores 5 microns and more. Can hardly be differentiated — 
Repens, Flavus. 

IL Spores less than 5 microns:- - 

(a) Lives saprophyticalK 

(b) Not known to live saprophvtically : — 

1. Very pathogenic for rabbits — Malignus. 

2. Found in bronchial sputum — Bronchialis. 

B. Blackish-brown species — Nigrescens, 

C. Golden, brownish, gold-brown, Tr reddish — ■Herbariorum. 

Aspergillus fumigatus Fresenius, 1775. 

This is the commonest A^pergillm, and is very often found on 
various cereals, straw, hay, etc. On solid media it produces a 
brownish-black culture if the medium is alkaline or neutral, greenish 
if the medium is acid. The mycelial filaments are more or less 
ramified, the breadth varying between 2 and 3 The conidio- 
phore hyphae are much thicker than the mycelial tubes, being, on the 
average, about 5 ^ in breadth. The sterigmata, which are situated 
very close together, are 6 /^ long; the conidia are roundish, 2*5 to 

3 [j, in diameter, smooth, 
colourless. Optimum tem- 
perature, 37° C. ; the growth 
st op s b elo w 20 ° or ab 0 ve 5 5® C . 


Fig. Aspergillus fumigatus Fig. 531.^ — Aspergillushron’ 

Fresenius. chialis Blumentritt. 

(After Blumentritt.) 

Pathogenicity. — This Aspergillus is the species most frequently 
found in man, giving rise to an aspergillosis of various organs. The 
spores are very resistant. Perchloride of mercury is the antiseptic 
which has the greatest destructive action on the spores. The effects 
on the human organism are due, in addition to mechanical action, 
to toxins secreted by the fungi. Lucet has found in cultures of 
A. fumigatus in Raulin s liquid a pyrogenic substance; Ceni and 
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Besta have isolated toxic products soluble in ether and alcohol, 
which act on the muscular and nervous system of dogs and rabbits. 
(Sec also remarks on Aspcrgillomycoses, p. 1031.) 

Aspergillus flavus Dc Bary, 1870. 

Synonyms. — Monilia aurea Gmelin, 1791; Eurofinni flavum De 
Bary, 1870; Aspergillus flavescens Wreden, 1874. 

Mycelium colourless; conidiophore hyphae terminate in roundi.^^h 
formations of a gold-yellow colour. The conidia are dark yellow, 
roundisli, 5 to 7 in diameter, with a surface showing numerous 
minute mammillar prominences. Found by several observers 
(Wreden, Siebenmann, etc.) in the ear. Optimum temperature, 
47'' C 

^ ‘ Aspergillus bronchialis Blumcntritt, 1901. 

Mycelium of a white colour, much ramified; conidiophore hyphae 
are 6*2 to 12-6 in diameter, 280 to 300 ^ in length. Conidia 
roundish, 3 to 4 fi in diameter, with a smooth surface, of a greyish- 
greenish colour. This Aspergillus was found by Chiari in the 
bronchi of a i)aticnt who had died from diabetes; it was investigated 
by Blumcntritt. It has not yet been found as a saprophyte. 

Aspergillus fontoynonti Gueguen, 1909. 

Found by Fontoynont and Carougeau in a European living in 
Madagascar, who was suffering from multiple abscesses of the neck. 
In tlie pus and in the first cultures olitained the fungus had no true 
aspe 3 rgillar appcaiance; it liad to lie subculturecl several times 
before tlie typical as})ergillar fructifications ap]ieared. Conidia 
4 to 5 // in diainet(‘r, with surfaces finely verrucose. Optimum 
temperature, 22'’ to 25'’ C. 


Aspergillus malignus Lindt, 1889. 

Synonym. — Eurotium malignum Lindt, 1889. 

Colourless mycelium, composed of short articles. Conidiophore 
hyplue erected, terminating in pyriform formations, 22 to 24 in 




Fic. 532 . — Aspergillus malignus 
Lindt. 

(After Lindt.) 


Fio. 533 . — Aspergillus repens 
De Bary. 

(After Siebenmann.) 


diameter, on which are situated the sterigmata, which are 10 fj, long 
and 4 to 5 in breadth. Conidia roundish, of a greenish-bluish colour. 
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Pathogenicity. — This Asper^^illus was found by Lindt in a case 
of otomycosis; according to this author, it is very pathogenic for 
rabbits. 

Aspergillus herbariorum Wiggers, 1780. 

Synonyms. — Mucor herbariorum Wiggers, 1780; Aspergillus 
glaucus l)e Bary, 1870. 

Mycelium at first colourless, later yellow or reddish-yellow. This 
Aspergillus is characterized ])y the large size of the conidia, which 
are 9 to 15 [jl in diameter. It is in nature a common saprophytic 
fungus. It has been found by Dunn in 1896 in the nasal cavities 
of a man, and by Einhorn in 1900 in the vomit of a case of hyper- 
chloridia. 

Aspergillus repens De Bary, 1870. 

Synonym. — Eurotium repens De Bary,’ 1870. 

This fungus is very similar to A. herbariorum, but for the smaller 
size of the conidia . Mycelium of a yellowish-green colour. Conidia 
large, 7 to 8.5 Found by vSiebc ii- 
mann in the ear iliree times. Its 
pathogenic role is doubtful. 

Quevodo has described an aspcrgillus very 
similar to A . re-pens, which he believes to be 
the cause of a type of encephalo-mycUtis in 
horses in South America. He calls tlie 
organism A. may id is, 

Aspergillus pictor R. Blanchard, 

1895. 

Synonym. — Trichophyton pictor 
R. Blanchard, 1895. 

The term AspergilUis {Trichophyton) 
pictor, introduced by Blanchard in 

1895, before the plurality of species of fig. -Aspergillus pictor 
the fungi found in pinta was demon- K. Blanchard. 

strated, is now used to denote the (After Montoya y Florez.) 
species of Aspergillus which is found in 

the pure viohd variety of pinta. This fungus shows the typical 
morphological characters of the genus Aspergillus. It grows easily 
on various sugar media.. On maltose agar the growth has at 
first a whitish colour, which afterwaids changes into greenish, to 
become violet or greenish with a violet tinge at a later period. The 
colour of the growth may vary according to the medium on 
which cultivation takes place. The conidiophores are comparatively 
thick ; the conidia are globular, with a smooth surface. 

Several other species of aspergillar. and aspergillar-like fungi are 
found in pinta, but their botanical position has not yet been defined 
with certainty. 
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Aspergillus bouffardi Brumpt, 1905. 

Found by Boiiffard in a case of black mycetoma, and completely 
described by Brumpt. Mycelium whitish in some zones, dark 
brown in others. Conidiophores erect, white, each terminating in a 
claviform structure, bearing some short chains of roundish conidia. 
Conidia i »3 to 2 jj. in diameter, roundish with a smooth surface, white. 
Chlamydospores present, 5 to 10 in diameter. Attempts at 
cult ivation did not succeed. 

Aspergillus barbae Castellani, 1907. 

Found by us in natives of Uganda, and in natives of Ceylon. Conidia 
spherical, 4 to 3 jU, of a brownish colour. 

Aspergillus nigrescens Robin, 1889. 

Doubtful species, which, according to Wienfeld, causes a faviform eruption. 

Genus Sterigmatocystis Cramer, 1859. 

Definition.- — Aspergillales Muth conidiophores terminating in 
roundish or ovoid formations, on wliich are situated short cylindrical 
primary sterigmaia — surmounted by similar elements — 
secondary sterigmaia. Each of the secondary sterigmata supports 
a chain of roundish conidia. 

Remarks. — The genus was created by Cramer for a fungus found 
in a man’s ear. 

Type Species. — Sterigmatocystis antacustica Cramer, 1859. 

Glassification.- The two species of importance to us can be 
recognized as follows 

A. Young conidial forms green; later strongly grey t j brown. Conidia 
small, 3 microns in diameter-- A/ 

13. Conidial forms blackish brown. Conidia small, 2 5 microns in 
diameter — A ntacusHca . 

Sterigmatocystis antacustica Cramer, 1859. 

Synonyms. — Sterigmatocystis antacustica Cramer, 1859; Eurotium 
nigrum De Bary, 1870 ; Monilia pulla Persoon; Aspergillus nigricans 
Wreden, 1874; A. niger von Tieghem, 1867. 

Primary and secondary sterigmata; erected conidiophores; 
hyphae more than i millimetre in length (3-5 to 4*5). Conidia 
globular, 2 -5 g in diameter, provided with a membrane of a brownish 
colour. Commonly found in decaying organic substances. It was 
first observed in man by Cramer, who observed it in the ear of a 
deaf patient. Later it was observed by Fiirbringer and others in 
mycotic affections of the lungs. 

Sterigmatocystis nidulans Eidam, 1883. 

Synonym. — Aspergillus nidulans Eidam, 1883. 

Mycelium of a greenish colour. Conidiophores are erect, 0*5 to 
o«8 millimetre in length. Presence of primary sterigmata, sup- 
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porting secondary sterigmata, each of which gives rise to a chain of 
conidia. Conidia small (2 to 3 in diameter) , globular, of a greenish 
colour. The fungus has been completely investigated by Pinoy: 
grows badly in Raulin's liquid, better on Sabouraud’s; is non- 
pathogenic for rabbits. This species is found living saprophytically 



Fig. 535. — STERIGMATOCYSTIS 
Fructification. 

(After Brumpt.) 


Fig. 536 . — SterigmatocysHs 
nidulans Eidam. 

(After Eidam. from Brumpt.) 


in certain nests, hence the name S. nidulans. In man it has been 
found in several cases of otomycosis. Nicolle and Pinoy have 
found it, or a very similar species, in a case of mycetoma with white 
granules. 

General Remarks on Mycoses due to Species of the Family 
Aspergillacem. 

These mycoses are generally called aspergillomycoses. They 
have been recorded several times in man. 

1. Aspergillosis of the Lungs; Aspergillar Pseudo-tuber- 
culosis; Pneumomycosis of Aspergillar Origin. — Aspergilli 
develop sometimes in the mucosa of the trachea, of the bronchi, and 
even in the pulmonary alveoli, without giving rise to any pathogenic 
effect. In other cases tlic fungi induce pseudo-membranous and 
ulcerative lesions. A very serious affection is a form of pseudo- 
tuberculosis (pseudo-tuberculosis aspergillina) , characterized by the 
presence of mycotic nodules in the lungs, liver, kidneys, and other 
organs. This affection, due to A. fumigatus, is very common in 
some parts of France among pigeon-breeders {gaveurs de pigeons). 
The same affection attacks the pigeons. The infection is probably 
caused by spores of A. fumigatus being present in the grains used 
for feeding the pigeons. 

2. Aspergillosis of the Eye. — A. fumigatus has been found 
several times in ulcers of the cornea (keratomycosis aspergillina). 

3. Aspergillosis of the Ear (Otomycosis Aspergillina).— 
Various species of Aspergillus have been found in the ear. In some 
cases they may give rise to a serious otitis, deafness, and tinnitus. 
Aspergillosis of the ear is not rare in the tropics. Syringing with 
hydrogen peroxide two parts and alcohol one part is useful. 

4. Aspergillosis of the Nose.— . 4 . glaucus and A. fumigatus 
have been found in the nasal cavities; the first apparently does not 
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cause any disturbance. The second causes various inflammatory 
symptoms. 

5. Aspergillosis of Wounds and Ulcers.- — In wounds not 
properly treated, and in old ulcers, Aspcrgilli have been occa- 
sionally found. 

6. Aspergillosis of the Urethra.— In several cases a black 
urethral discharge has been observed, due to Sterigmatocystis nigra. 

7. Aspergillosis of the Skin.— Montoya s investigation has 
shown that several varieties of pinta are due to fungi of the genus 
Aspergillus. Another important tropical skin disease, tinea im- 
bricata, was believed until recently to be due to an Aspergillus — 
A. iokdau Wehmer, 1903. In our experience the fungi of tinea 
imbricata never show aspergillar fructifications, and cannot be 
considered to b(' Aspergilli. 

Aspergilli may also cause some varieties of mycetoma. 
PYKENOMYCETES. 

Ascomycetous fungi in which the asci are contained in a perithecium pre- 
senting an orifice at the apex for the escape of the spores. According to some 
authors, species of this family have been found parasitic in man. This is 
very doubtful, though Schubert states that he found in the nasal mucus of a 
patient an organism closely allied to Boirytis bassiana, which latter species, as 
IS well known, causes the disease of silkworms called muscardin.’ 

CLASS BASIDIOMYCETES. 

Basidioniycctcs have a septate mycelium, and are devoid of 
si'xual re])roduction. d'hey rei)roduce by formation of basidia. 
Other accessory fructifications may be present — as, for example, 
clilamydospores. The basidia arc of two principal types: (i) auto- 
basidia; (2) protobasidia. 

The autobasidia are large, unseptated cells, giving rise at their 
apices to four delicate sterigmata, each of which bears a spore. 

The protobasidia are sc'ptated, and appear in two chief forms: — 

A. Septated into four cells, each giving rise to a spore from a 
lateral inserted sterigma. 

B. Septated by walls intersecting at right angles, each cell ending 
in an elongated tubular sterigma. 

Of the Basidiomycetes, one species {Usiilago phyodytes) of the 
family Ustilagine;e is of special importance, while two others 
(U. carho and Til I el ia levis) may produce otomycosis. 

Ustilago hypodytes Schlecht. 

Synonyms. — Dendrodichium microsporus Brigi; Sporotrichum dermatodes 

Kane. 

The mycelium penetrates the stem and leaves of reeds (Arundo donax) in 
some parts of Provence, Italy, and Greece. After a time the mycelium pro- 
duces innumerable so-called brand spores by a process of segmentation of its 
profusely branched hyphae. In this way the mycelium is transformed into a 
brown dark mass of spores. 

These brand ^ores, as regards the mode of their formation, may be con- 
sidered chlamyciospores. The brand spores are resting spores; they are 
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scattered by the wind, and after an interval of rest they germinate, producing 
ronicliospores of a basiciium-hke type. ^ ^ 

The spores of U. hypodytes are the cause, according to most authors, of a 
peculiar affection found among woi kers who have to do with the cutt'ng etc 
„i reeds {Arundo donax). This affection is called ‘ frienite ’ or ' frien disease ' 
I'he patient complains of symptoms somewhat resembling hay-fever— sneezing 
headache, etc. and, in addition, shows an erythematous erysipeloid eruption 
on the uncovered part of the body, and often also on the genital organs 
which may become greatly eedematous, Desquamal ion follows ’ 

According to other oteervers, the cause of tlris peculiar disease is to be 
found, not in the sporty of Vshla^o. but in an insect-,4 deriu bcrksoi, dis- 
covered by Berlese— which often swarms on various reeds. The workers, in 
TTi 3 .nipula.tiTig tuG Celtics, scjunsli some of tlieso iusccts, and tlie irril^iting iviicc 
exuding therefrom produces a dermatitis of an erythematous type. 
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PLATE VI 

NOCARDIAS AND ASSOCIATED ORGANISMS 

1. Hair, natural size: Trichomycosis flava. 

2. Trichomycosis flava. 

3. Trichomycosis flava. 

4. Trichomycosis nigra. 

5. Trichomycosis rubra. 

6. Hair, natural size: Trichomycosis rubra. 

7. Ithodococcus castellanii (Chalmers and O’Farrell, 1913). 

8. N ocardia indica (Kanthack, 1893). 

9. Nocardia convoluia Chalmers and Christopherson, 1916. 

10. Hair, natural size: Trichomycosis nigra. 

11. Cohnistreptothrix tenuis (Castellani, 1911), branching. 

12. Cohnisireptothrix tenuis (Castellani, 1911), bacillary forms. 

13. Cohnisireptothrix tenuis (Castellani, 1911), long form. 

14. Cohnisireptothrix tenuis (Castellani, 1911), branching forms and coccal 
forms from a culture. 
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CHAPTER XXX IX 

FUNGI IMPERFFXTl 

Preliminary — Fungi imperfecti — Hyphales — V uillemin's classification — Micro- 
siphonales — Thallosporales — Hemisporales — Conidiosporales — Refer- 
ences. 

PRELIMINARY. 

We now come to the last class of Schroeter’s Eumycetes — -viz., the 
Fungi Imperfecti ; that is to say, Eumycetes with a septate mycelium 
and with spores which are not contained in asci or basidia, but are 
carried on conidio spores, which may or may not be enclosed in 
pycnidia. 

This class contains a large number of genera of importance in 
tropical medicine, but everyone who has studied these fungi must 
have felt, as we have, the great difficulty of determining to what 
genus the organism belonged at which he was working. 

Various systems have been proposed, such as the mode of bearing 
spores and the colour of the fungus, matters which change with 
environment. Further septation of the spores often depends upon 
their age and other factors. vSimilarly new species have been made 
for a fungus, very like another fungus, but found on a new host. 
In this way the classification has become almost hopeless. 

Vuillemin has, however, proposed a new classification, which 
prevents the same fungus being variously classified in different 
stages of its life-history. We adopt it for purposes of utility. 

CLASS: FUNGI IMPERFECTI Fuckel, 1869. 

Synonym. — D cuter omycetacece Saccardo (' Sylloge/ vol. xvi., 
p. 825). 

Definition. — Fungi, almost invariably minute, in which asexual 
reproduction takes place by means of conidia produced on conidio- 
phores, which are either enclosed in perithecia, placed on discs, or 
unprotected. 

Remarks. — ^Fuckel gathered together under the above name all 
forms of fungi, the complete life-history of which was unknown, and 
made this class in contradistinction to his other class of Fungi 
Perfecti. Vuillemin, in 1910, suggested dividing the class into two 
subclasses, Deuteromycetes and Hyphales. 

Classification. — ^The Class Fungi Imperfecti may be subdivided 
into two classes as follows : — 
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A. Accessory fructifications present in the form of closed or open recep- 

tacles — Subclass I, T) enter omycetes Saccardo, 1886, emendavit Vuille- 
min, 1910. 

B. No such accessory fructifications present. Reproduction by means 

of spores, isolated or in groups, situate on isolated or fasciculated 
liyidirc Subclass 2: Hyphales Vuillemin, 1910. 

SUBCJ.ASS i: DEUI'EROMYCETES Saccardo, , emendavit 
Vuillemin, 1910. 

Definition. — Fungi Impcrfecti possessing accessory fructifications 
in the form of open or closed receptacles. 

A, Conidiophores minute and enclosed in a perithccium — Order i, 

SphcBvopsidales L6veill6, emendavit Saccardo, 1882. 

B. Conidiophores not enclosed in a perithecium, but crowded on a disc 

arising from a deeply embedded mycelium — Order 2, Melan- 
enniates Corda, i8/j2, emendavit Saccardo, 1882. 

SUBCLASS 2: HYPHALES Vuillemin, 1910. 

Synonyms.- -N cmatomyci Nees, i8Tf); Hyphomycetecu Martius, 
1817, pro parte; Hyphooivceles Fries, 1833; Moniliales Clements, 
1909. 

Definition. — lAingi Impcrfecti with hyphte more or less developed, 
lax, or more or less compact, superficial or subsiiperficial, or more 
rarely, as in man, vertelirates, and insects, endoparasitic. Conidio- 
phores never situate in closed or on opcm receptacles. Reproduc- 
tion by means of sj)ores isolated or in groups, situate on isolated or 
fasciculated liyplue. 

Remarks. -Hie Hyphales of Vuillemin corres})ond to the 
Hyphomycetc'S of Fries, but the subdivision into families is so 
entirely different that it appears better to adopt a change of name 
in order to prevent confusion. 

Vuillemin ’s classification appt'ars to us to be more suitable from 
the point of view of tropical medicine, and tlnnefore we adopt it in 
this chajAer: but, in order to permit comparison, we give the out- 
lines of the old division of the Hyphomycetes, which is as follows: — 


ORDER HYPHOMYCETES Fries, 1833. 

A. Hyphomycetes with hyaline or brightly coloured hyphae which do 

not cohere in fascicles and with concolorous conidia — L'amily i, 
MucidinacecB Link, 1809. 

B. Hyphomycetes with dark-coloured or black hyphae rarely hyaline, 

and then with dark-coloured conidia. The hyphae do not cohere 
into fascicles — Family 2, DematiaceeB Fries, 1832. 

C. Hyphomycetes with hyaline or dark-coloured hyphae of which the 

sterile are scanty and creeping, while the fertile are erect, cohering 
into elongated fascicles bearing conidia at the top or more rarely 
along the side — Family 3, StilhellacecB Vuillemin, igio. 

D. Hyphomycetes with hyaline or dark-coloured hyphae compacted into 

a globose, discoid, or verruciform body called a sporodochium — 
Family 4, Tuherculariacecv Ehrenberg, 1818. 
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With reference to the name of Family 3, this has been changed 
from StilbacecB Fries, 1825, to its present name, because Juel has 
demonstrated that some of the species of the genus Stilbum belong 
to the Basidiomycetes, and has given the name Stilbella to those 
left in Fungi Imperfect!. 

The basis of reference with regard to fungi must for all time be 
Saccardo’s ' Syllogc Fungorum,' because it details some 60,000 
species of fungi, and this is based upon the colour of the hyphtC 
and conidia and the number of septa in the spore, as will be indi- 
cated when detailing the hyphales. Clements has published a 
most useful key in English to Saccardo’s ‘ Sylloge.’ 

Leaving this form of classification, we will consider Vuillemin's 
new system. 

Vuillemin’s Classification. — Vuillemin has pointed out a diffi- 
culty which we have also experienced in classifying the fungi of 
the Hyphomycetes — ^viz., one and the same fungus may, under 
different conditions, show a muccdinc type, a stilbclline type, and 
a tubercularine type, which makes its recognition most difficult. 
To obviate this difficulty he has concentrated his attention upon 
the ‘ spore,' in order to form the orders of the class Hyphales, and 
has given definitions of his terms so as to prevent confusion. 

Terminology. — The following terms require to be carefully 
studied: Thallospore, Blastospore, Arthrospore, Chlamydospore, 
Hemispore, Protoconidium, Deuteroconidium, Conidium, Aleurio- 
spore, Sporophore, Phialide, and Prophialide. 

I. The Thallospore is a sporifonn element which is really only a 
portion of the thallus secondarily adapted to the purposes of repro- 
duction. The various forms of the Thallospore arc named Blasto- 
spores, Arthrospores, and Chlamydospores. 

A blastospore (Fig. 537) is a thallospore, round or ovoidal in 
shape, developed by budding from the summit or sides of a 
hypha which may be the same size and appearance as the 
blastospore, as in Cryptococcus, or may be an elongated 
filament. 

An arthrospore is a thallospore developed by the disarticula- 
tion of hyphal elements at first with square cut ends, which 
subsequently become rounded off, and with thin walls 
which subsequently become thickened. A Chlamydospore 
(Fig. 538) is merely a variation of an arthrospore, and may 
be defined as an intermediate or terminal spore larger than 
the ordinary hypha, which, without becoming isolated, 
undergoes a kind of cncystment, with the formation of a 
thick and sometimes coloured wall containing cytoplasm 
loaded with food material. 

II. The Hemispore (Figs. 539 and 540) starts by a differentia- 
tion from the thallus, the ‘ Protoconidium,’ but this remains where 
formed while the hypha continues to grow. Eventually the proto- 
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conidium fonns secondary functional spores called ‘ Deuteroconidia,’ 
which are the reproductive spores. 

III. The Conidia (sing. Conidium) are spores which differ from 
the thallus in being incapable of forming new spores or hypha; 
while still attached to the parent mycelium. They show great 




Fig. 537. — A Blastospore from Fig. 538. — A Chlamydospore from 
Cryptococcus myremecia Chal- Trichophyton currii Chalmers 

MERS AND ChRISTOPHERSON. AND MARSHALL. 

variety of form, being rounded, stellate simple or septate (stauro- 
spore); needle-shaped, simple or septate (scolecospore); or spirally 
twisted, simple or septate (helicospore), and of structure being 
simple (amerosporc;) or divided by septa (didymospores with two 
cells and one transverse septum ; phragmospores with two or more 



Fig. 539. — A Hemi- 
spore : Develop- 
ment FROM Herni- 
spora stellata V uil- 

LEMIN. 

{u) Protoconidi a ; 
if)) Deuteroconidia. 



Fig. 540. — A Hemi- 
SPORE FROM Hemi- 
spora stellata 
VuiLLEMIN. 


(After Vuillemin.) 



Fig. 541 Aleuriospores 
FROM Aleurisma flavis- 
simum (Link, 1816), 

EMEN DAVIT CHEVA- 
LIER, 1836. 


transverse septa and three or many cells; dictyospores in which 
there are longitudinal septa as well as transverse septa). The 
variation of colour is also of importance as a means of classification. 
The colouring matter usually occurs in the membrane. 

Their number is also important, as they may be single, formed in 
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basipetal chains which are more or less persistent, or they may be 
f^lued together into masses by agglutinating material. 

The Conidia diow two main types — ^viz., the AleuriOspore and 
the Conidium Verum. 


An Aleunospore (Fig. 541) is not a true conidiuni. It may be 
terminal, lateral, or intercalary, but in each case it is not 
originally distinct from the thallus, and is only set free by 
the death of the filament to which it is attached. It has 
the morphological significance of a chlamydospore. 




Fig. 542. — Sporophores 
AND Conidia from a 
Cladosporium. 


Fig . 543 . — A Pin alide 
from Spicafia apho - 
dii VUILLEMIN. 

( a ) Phialide. 

(After Vuillemin.) 


Fig. 544. — A Prophi- 

ALIDE T ' RO ' M.Urophial 
amycophiala Vuil- 
lemin, 1910. ( a ) Pro- 
phialide. 

(After Vuillemin.) 


A Conidium Verum (Fig. 542) is quite distinct from the thallus, 
from which it is easily detachable. It may or may not be carried 
on a conidiophore, the varieties of which are as follows : — 

A Sporophore (Fig. 542) is another name for a conidiophore— 
i,e., for the hypha which carries the conidia. 

A Phialide (Fig. 543) is a flask-shaped segment on the sporo- 
phore comparable to the sterigmata of the Basidiomycetes 
and interposed between the sporophore and the conidia, 

A Prophialide (Fig. 544) is a special article on the sporophore 
from which phialides arise. 

Having thus made clear Vuillemin's differentiation of the spores, 
it is possible to consider his classification of the Hyphales. 

Classification. — Vuillemin divides the Hyphales as follows:- — 

A. Mycelium composed of fine bacilliform hyphse in which the 

nuclei are usually indistinct — Order i, Microsip honales 
Vuillemin, igi2. 

B. Mycelium not so composed: — 

1. Reproduction by thallospores — Order 2, Thallosporales 

Vuillemin, 1910. 

2. Reproduction by hemispores — Order 3, Hemisporales 

Vuillemin, 1910. 

3. Reproduction by conidia — Order 4, Conidiosporales 

Vuillemin, 1910. 
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ORDER I. MICROSIPHONALBS VuiUemin, 1912. 

Definition. — Hypbales with the mycelium composed of finebacilli- 
form hyphae, usually i micron or less in diameter. Usually Gram- 
positive, when young, and without distinct nuclei. Parasitic on 
man, animals, and plants, or saprophytic. 

Remarks.- This is a most interesting order, as its members 
(Fig. 545) are nearly always mistaken at first sight, by persons 
unaccustomed to them, for bacilli (Fig. 5481. Hence the descrip- 
tions of bacilli as the cause of so many fungal diseases due to 
these organisms, among which could be classitied the diphtheria 
organisms, the tubercular and leprotic bacilli. 

Thus one form of division into families is as follows :■ — 

A. Nocardiaceae Castellani and Chalmers, 1918. Synonyms.- — 

Actinomyceies Lachner- Sandoval, 1898; Trichoniycctes 
Petrusky, 1903. 

Definition.- — Microsiphonales with a mycelium. 

Type Genus. — Nocardia Toni and Trevisan, 1889. 

B. Mycobacteriaceae Miehe, 1909. Definition.— Microsiphon- 

ales without a mycelium. 

Genus i. — Mycobacterium Lehmann and Neumann, 
with the diphtheria bacillus as a type. 

Genus 2 . — Cory neb acierium Lehmann and Neumann, 
with the tubercle bacillus as a type. 

Wc have, howevc'r, placed the Mycobacieriaccce under the Schizo- 
mycetes, and therefore have only the N ocardiaceat to consider. 

FAMII.Y NOCARDIACEAi. 

Synonyms. — Actinomycetes Lachner-Sandoval, 1898; Trichomy- 
cetes Petrusky, 1903. 

Definition. — Microsiphonales with a mycelium. 

Type -N ocardia Toni and Trevisan, 1889. 

Classification.- -Until quite recently all the species of this order 
were considered to belong to one genus— Le., Nocardia Toni and 
Trevisan, 1889; but Pinoy has made an excellent subdivision, 
separating certain species into another genus, which he calls Cohni- 
streptothrix Pinoy, 1911. In doing this, he points out that the 
original discoverers of actinomycosis— viz., Harz and Bollinger in 
1877 and Rivolta in 1878 — thought that they were dealing with one 
organism, but when cultures were attempted it became apparent 
that more than one organism was implicated. Thus Bostrom iso- 
lated a parasite which grew well aerobically, producing a dry mem- 
brane on the surface of broth and capable of growth at 20° C. on 
gelatine, but growing better on potato at 37° C. and forming chains 
of arthrospores. Inoculation into animals was, however, negative. 
This form is commonly called Nocardia bovis (Harz, 1877). 

Wolf and Israel, on the other hand, obtained a parasite which only 



NOCARDIACEjE 


1041 


grew anaerobically and was not capable of growth at ordinary 
European air temperatures. In broth it formed small granules or 
scales, which fell to the bottom of the tube. These cultures often 
contained club-like forms, and the branching filaments broke up 
into bacillary or coccal-like forms. Inoculations of gelatine cultures 
into the peritoneal cavities of guinea-pigs produced actinomycosis. 
This form is commonly called Nocar dia israeli (Kruse, 1896). 
Wright maintains that this organism is the true cause of actino- 
mycosis and that N . bovis is merely a contamination, but this cannot 
be accepted. 

There are, therefore, two distinct organisms which can cause 
actinomycosis in man and oxen — -viz., N. bovis (Harz 1877) and 
N. israeli (Kruse, 1896), but the difference between them is consider- 
able ; and therefore Pinoy has separated off the latter and its allies 
from the former and has founded the new genus Cohnistreptothrix 
Pinoy, 1911. The name is derived from the fact that in 1874 Cohn 
described a fungus in lachrymal concretions under the term Strepto- 
thrix foersteri, which was considered to be a Nocardia and is now one 
of the species of Pinoy’ s Cohnistreptothrix. These two genera 
are distinguished as follows : — • 

A. Grows aerobically, easy of cultivation, and producing 

arthrospores (Fig. 549)— Genus tl, Nocardia Toni and 
Trevisan, 1889. 

B. Grows best anaerobically, but can often grow aerobically; 

difficult of culture, and not producing arthrospores* — 
Genus 2, Cohnistreptothrix Pinoy, 1911. 






Genus Nocardia Toni and Trevisan, 1889. 

Synonyms. — ActinomycesYiosz, 1877, n^cMeyen, 1829; Discomyces 
Rivolta, 1878, nec Discomycetacece'Fxi%s,x%'^6]Bacterhim Affanasieff, 
1888, nec Ehrenberg, 1830, emendavit Cohn, , 

Hiippe; Streptothrix Rossi-Doria, 1891, ncc f 

Cohn, 1875 ; Sauvageau and Radais, ^ 

1892, nec Wallroth, 1833; C ladothrix Moice, 

1897, nec Cohn, 1875. 

Deflnition.“-Nocardiaceae growing aero- 
bically, usually easy of culture, and pro- 
ducing arthrospores. 

Type Species. — Nocardia bovis (Harz, 

1877). 

Nomenclature. — Bollinger’s ray fungus 
{Nocardia bovis) belongs to a genus of 
which the correct name is Nocardia Toni 
and Trevisan^ 1889, a term derived from 
Nocard, the celebrated French parasito- 
logist, who was the first investigator to clearly recognize this 
fungus in France. We state that it is^the correct name for the 
following reasons : — 


\ 


iG. 545. — Microsipho- 
NALJ s FROM Cohni- 
streptothrix tenuis 
Castellani, 1911. 
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I. It is the oldest name, against which no objections can be 

raised . 

2 It has been formally adopted by the Botanical Section of the 

First International Congress of Pathology. 

3. The objections to tlie other names in use are as follows:— 

(a) Streptothrix, as proposed by Rossi-Doria, cannot be 
used, as it was originally suggested by Corda in 
1839 for S.fusca, which is quite a different fungus. 

1 1 was also used in 1875 by Cohn for another 
organism closely allied to a ' Nocardia,' so that Cohn’s 
and Rossi-Doria’s names can only be utilized as 
synonyms of the organisms to which they were 
wrongly applied because of the priority of Corda’s 
nam(‘. 

{h) Discomyces was used by Rivolta in 1878 merely as a 
trivial name, and though it has not been applied to 
any other genus, still the word Dis corny cetacea was 
introduced in 1830 by Fries for a large fungal 
family, and has come into general use, and therefore 
has the double claim of priority and general use; 
and as its type genus should bear the name Dis- 
corny CCS, confusion is bound to arise if the same term 
is retained as the generic name of Bollinger’s 
organism. 

(c) Bacterium was suggested by Alfanasieff in 1888, but 

Fhrenberg had used this name in 1830 for the 
organisms popularly known as bacteria, and therc- 
fon‘ Aftanasielf’s suggestion falls to the ground. 

(d) Oospora, as utilized by Sauvageau and Radais in 1892, 

is not available because it is younger than the name 
' Nocardia,’ and b(‘cause it was previously used in 
^^ 5 .] by Wallroth for certain fungi previously classi- 
lied as Torula Persoon, 1801. 

(e) Cladothrix, as brought forward by Mace in 1897, cannot 

be used because the name ‘ Nocardia ’ has priority, 
and because it was originally used by Cohn in 1875 
for the organism Cladothrix dichotoma, which is 
septate and is only falsely branched, and hence is 
quite different from Bollinger’s fungus. 

Remarks.— The genus Nocardia contains a large number of species 
which live saprophytically in soils, from whence their spores can be 
spread by the agency of air or water to sewage, sputum, etc. Some 
of them have acquired parasitic habits, living in plants in which 
they cause root tubercles, or, in other instances, tumours with ray 
fungi, thus somewhat resembling the actinomycosis of animals. 
They have also been found living in molluscs and in the alimentary 
canals of larval insects, as well as in the form of pathogenic fungi in 
reptilia, aves, and mammalia, in which they mostly occur in the 
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Fig. 546. — Nocardia convoluta Fig. 547. — Nocardia convoluia 

Chalmers AND Christopherson, to show Branching. 

1916. Hypha showing Beading 
AND ALSO Commencing Separa- 
tion into Three Portions. 

(x 1,500 Diameters.) 



Fig. 548. — Nocardia convoluia in situ in a Grain to show Bacilliform 

Appearance. 
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herbivora or in omnivorous man, though they are known in the 
grass-eating dog, but are rare in other carnivora Their geographical 
® ^ distribution appears to be world wide. 

With reference to their method of 
entry into the human body, it appears to 
be often associated with some slight 
L' .' . traumatism with some vegetal substance, 

If ^ such as a thorn, while the best treatment 

is undoubtedly complete removal wherever 
possible; still, partial extirpation, associ- 
ated with treatment by iodide of potash, 
as first advocated for this purpose in 1885 
by Tomassen, but in large doses such as 
90 grains per diem, as used by Carroll with 
success in 1905, is sometimes also capable 
of effecting a cure. 

Morphology. — Mycelial filaments of 
various sizes, but generally very thin 
(i /u or less), often branching, non-septate, 
and without differentiated nuclei. In 
certain species during parasitic life some 
mycelial threads terminate in club-like 
formations and show a radial arrange- 
ment. It is doubtful whether these club- 
like formations arc' intrinsic parts of the fungus or partly products of 
n'actio]] of th<‘ invaded tissues. Masses of mycelia ma}^ formun the 



Fig. 549. — Nocardia con- 
voluta TO SHOW Arthro- 

SPORES. ) 



Fig. 550. Fig. 551. 

Fig. 550. — Nocardia convoluia to show Easy Culture and Limited Growth 
ON Sabouraud's Preservative Medium* 


Pig, 221 . — Nocardia convoluia to show Easy Culture on Inspissated 

Blood Serum. 
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tissues peculiar grains (sclerotia) of various size, shape, colour, and 
consistency. Some species are facultative aerobes, others strictly 
anaerobic. Allare Gram- positive, and several acid-fast. In cultures 
the mycelium very often undergoes fragmentation, and only bacil- 
lary and coccus-like bodies may be seen. 

Classification. The very large number of species in this genus 
can be classified as follows - 

A. Habitat, soil; can be found in air or water- — Section i, 

Saprophytica Foulerton, 1910. 

B. Habitat, plants or animals- — -Section 2 yPciY(isitic(i Foulerton, 

T910. 

C . Habitat, soils, plants, or animals, but imperfectly described 

— Section 3, IncertcB sedis. 


Section 1: Saprophytica Foulerton, 1910. 
This section can be divided into subsections as follows:- 


Subsection i ; Major a. 

1 . Grow freely under artificial condi- 

tions at 22° C., and generally at 
37® C., with a few exceptions. 

2. Growth usually large and spread- 

ing. 

3. Development of aerial hyphae 

marked by a bright chalky 
efflorescence. 

4. Earthy or mouldy smell often 

present in the cultures. 

5. Generally peptonize gelatine and 

blood serum. 

6. Diastatic action often present. 

7. Hyphal filaments usually coarser, 

and branching more marked 
than in next series. 


Subsection 2: Minora. 

1. Grow moderately under artificial 

conditions at 22° C. and 37° C. 

2. Growth usually moderate and 

circumscribed. 

3. Development of aerial hyphae 

marked by a dull dry powdery 
appearance. 

4. Earthy or mouldy smell either 

faint or absent. 

5. Rarely peptonize gelatine and 

blood serum. 

6. Diastatic action usually absent. 

7. Hyphal filaments usually liner, and 

branching rarer than in the 
preceding series. 


Saprophytica Subsection Majora. 

This subsection contains the following species : — 

1. Nocardia saprophytica (Foulerton, 1902): — 

Streptothrix leucea saprophytica Foulerton, 1902. 

2. Nocardia dichotoma (Mace, 1888): — 

Cladothrix dichotoma Mace, 1888, nec Cohn, 1875. 
Streptothrix chromogena Gasperini, 1890. 

Streptothrix nigra Rossi-Doria, 1890. 

Oospora metschnikovi Sauvageau and Radais, 1892. 
Cladothrix brauner Hesse, 1892 . 

Cladothrix odorifer Rullman, 1895, nec C. odorifer Rull- 
man, 1898, parasitic in man. 

Streptothrix melranotica Price- Jones, 1900. 

Streptothrix humifica Beijemick, 1900. 

Streptothrix nigrescens Foulerton, 1902. 
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Actinomyces erythrochromogenes Krainsky, 1914. 
Actinomyces diastaticochromogenes Krainsky, 1914. 
Actinomyces viridochromogenes Krainsky, 1914. 
Actinomyces flavochromogenes Krainsky, 1914. 

3. Nocardia violacea (Rossi-Doridi, 1891):-— 

Streptothyix violacea Rossi-Doria, 1891. 

Actinomyces violaccus Bcrestneft, 1897. 

? Actinomyces ulni Peklo, 1910. 

? Actinomyces mynccr Peklo, 1910. 

4. Nocardia beta (Price- Jones, 1900):— 

Streptothrix beta Price-] ones, 1900. 

5. Nocardia alba (Rossi-Doria, 1891): — 

Streptothrix alba Rossi-Doria, 1891. 

Actinomyces chromogenes B Gasperini, 1890. 
Streptothrix I., IL, and III. Almquist. 

Actinomyces atbus Lehmann and Neumann. 

Obspora guiguardi vSauvageau and Radais, 1892. 
Actinomyces atbus Gasperini, 1890. 

Obspora dories Sauvageau and Radais, 1892. 
Streptothrix foersleri Gasperini, 1890, ncc ('ohn. 
Streptothrix leucea Foulerton, 1902. 

Streptothrix alpha Price- Jones, 1900. 

Streptothrix pyogenes Caminiti, 1907. 

Actinomyces gri sc a Krainsky, 1914. 

Actinomyces diastatica Krainsky, 1914. 

Actinomyces celluloses Krainsky, 1914. 

Actinomyces nivea Krainsky, 1914. 

6. Nocardia rosea (Krainsky, 1914): — 

Actinomyces roseus Krainsky, 1914. 

7. Nocardia citrea (Krainsky, 19x4): — 

Actinomyces griscoflavus Krainsky, 1914. 

Actinomyces flavus Krainsky, 1914. 

Streptothrix jiava vSanfelice, 1904. 

Streptothrix /lava Brins, 1899, 

8 . Nocardia cinereonigra (Berestneff, 1897):- — 

Streptothrix cinereonigra aromatic a Berestneff, 1897. 

9. Nocardia orangica (Berestneff, 1897):- - 

Streptothrix orangica I^erestneff, 1897. 

10. Nocardia alhida (Rossi-Doria, 1891); — 

Streptothrix aUhdo-flava Rossi-Doria, 1891. 

Actinomyces far ciniciis Rossi-Doria, 1891. 

Nocardia farcinica Rossi-Doria, 1891. 

11. Nocardia invutnerabilis (Acosta and Grande Rossi, 1893); — 

Cladothrix invulnerahilis Acosta and Grande Rossi, 1893. 

12. Nocardia ruhea, Chalmers and Christopherson, 1916. 

Actinomyces ruber (no name). 

Nec Actinomyces ruber Krainsky, 1914. 
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Nec Streptothrix rubra Casab6, 1894. 

Nec Streptothrix rubra Kruse, i8g6. 

13. Nocardia ccelicolor (R. Miiller, 1904):— 

Streptothrix ccelicolor R. Muller, 1904. 

Streptothrix crdicolor Schurman, 1909. 

14. Nocardia glauca (Lehmann and Schulze):— 

Actinomyces glaucus Lehmann and Schulze. 

15. Nocardia thermophila (Gilbert, 1904): 

Actinomyces thermophilus (iilbeit, 1904. 

Cladothrix therK^ophilis Kedzior. ' 

Aciinomycco thermophilus Berestneft, 1891. 

16. Nocardia monospora (Schulze, igoSV. — 

Actinomyces monosporus Schulze 1908. 

These species may be recognized as given on p. 1048. 

Subsection Minora, 

This subsection contains the following species: — 

1. Nocardia pluricolor (Tcrni, 1894):^ — 

Streptothrix pluricolor Terni, 1894. 

Actinomyces gruberi Tcrni, 1894. 

2. Nocardia carnea (Rossi-Doria, 1891): — 

Streptothrix carnea Rossi-Doria, 1891. 

3. Nocardia auraniiaca (Rossi-Doria, 1891) :• — 

Streptothrix aurantiaca Rossi-Doria, 1891. 

4. Nocardia melanosporea (Krainsky, 1914): — 

Actinomyces melanosporeus Krainsky, 1914. 

5. Nocardia melanocycla (Krainsky, 1914): — 

Actinomyces melanocyclus Krainsky, 1914. 

6. Nocardia alhosporea (Krainsky, 1914):— 

Actinomyces albosporeus Krainsky, 1914. 

7. Nocardia krainskii Chalmers, 1916. 

Actinomyces ruber Krainsky, 1914, nec Carab6, 1894, nec 
Kruse, i89(). 

8. Nocardia parva (Krainsky, 1914):- - 

Actinomyces parvus Krainsky, 1914. 

9. Nocardia microparva (Krainsky 1914):- - 

Actinomyces microparvus Krainsky, 1914. 

10. Nocardia chalcea (Foulerton, 1905):— 

Streptothrix chalcea Foulerton, 1905. 
ir. Nocardia erythrea (Foulerton, 1910):— 

Streptothrix erythrea Foulerton, 1910. 

12. Nocardia hoffmanni (Gruber, 1891):—' 

Micromyces hoffmanni Gruber, 1891. 

These species may be recognized as given on p. 1049. 
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Grey to yellow. Orange red. 

(8) Cinereonigra. (g) Orangica, 
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Orange yellow. Not coloured. 

v4) Melanosporea. {5) Melanocycla. 
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Section 2 : Parasitica Foulerton, 1910. 

The parasitic section can be classified into three subsections, as 
follows : — 


No. 

Test. 

Subsection i : 
Majora. 

Subsection 2: 
Minora. 

Subsection 3: 
Brevis. 

1 

Cultivation at 
22“ C. and 

37 ° C. 

Easy 

Not difficult 

Difficult at 37° C. 
Usually nil at 
22° C. 

2 

Cirowth 

Spreading 

Circumscribed 

Slight 

3 

Efflorescence 

Bright chalky 

Dull powdery 

Usually absent 

4 

Hyphal branch- 
ing 

Well marked 

Poorly marked 

Rare, hypae often 
bacilliform 

5 

Acid-fast species 

Rare 

Common j 

Rare 

6 

Odour of cul- 
tures 

Earthy or 
mouldy 

1 

Absent or i 
faintly as i 

Sometimes faecu- 
lent 

7 

Liquefaction of 
gelatine and 
blood serum 

Often present 

Rare, and usual- 1 
ly only one | 
liquefied i 

Often very slight 
indications 

8 

Potatf) 

( 7 rowt h 

Usually growth 

Often no growth 

y 

Diastatic action 

Often ])resent 

Usually absent 

Not known 

1 


Subsection i: Majora, 

1 his subsection contains the following species 

1. Nocardia garteni (Brumpt, 1910): — 

Cladothrix liquefaciens 11 . Garten, 1895. 

Discomyces garteni Brumpt, 1910. 

2. Nocardia liquefacie 7 is (Hesse, 1892):— 

(Uadothrix Liquefaciens Hesse, 1892. 

Sirefiothrix liquefaciens (Hesse, 1892). 

Sirefiothrix huccalis Goadby, 1903, nec Roger, Bory, and 
Sartory, 1909. 

3. Nocardia modore (Thiry, x8()7) - 

('ladoihrix modore Thiry, 1897. 

('ladoihrix polychromes Thiry, 1897. 

A ctinomyccs ruhidaurcus Lachner-Sandoval, 1898. 

4. Nocardia luteola (Foulerton, 1910):- — 

Streptothrix luteola Foulerton, 1910. 

5. Nocardia appendicis Chalmers and Christopher son, 1916. 

Streptothrix hominis 111 . Foulerton, 1910. 

Streptothrix hominis IV. Foulerton, 1906. 
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6. Nocar diu Candida (Petruschky, 1898): — 

Streptothrix Candida Petruschky, 1898. 

Streptothrix gedanensis II. Petruschky, 1898. 

Streptothrix lathridii Petruschky, 1898. 

7. Nocardia bovis (Harz, 1877): — 

Actinomyces bovis Harz, 1877. 

Bacterium actino-cladothrix Affanasieff, 1888.*^ 
Actinomyces hominis (Affanasieff, 1888). 

Nocardia actinomyces de Toni and 1'rc‘visan, 1889. 
Streptothrix actinomyces Rossi-l)oria, 1891. 

Oospora bovis Sauvageau and Kadais, 1892. 

Actiiiomyces bovis su/phureus Gasperini, 1894. 

Cladothrix actinomyces Mace, 1897. 

Discomyces bovis Blanchard, 1900. 

Streptothrix hominis III. Foulerton, 1905, ncc Foulerton, 
1910. 

Streptothrix hominis IV. Foulerton, 1910, nec Foulerton, 
1906. 

8. Nocardia graminariun {BoYQstwoH, 1891):— 

Streptothrix graminarium Bcrestncff, 1891. 

9. Nocardia rubra (Carabd, 1894). 

Actinomyces rubra Carabo, 1894. 

Streptothrix rubra Kruse , i89(). 

Nec Actinomyces ruber Krainsky, 1914. 

10. Nocardia lingualis (Weibel, 1888):- - 

Vibrio lingualis Weibel, 1888. 

Spirosoma lingualis Migula, 1892. 

Streptothrix lingualis Bajardi, 1900. 

11. Nocardia odorifera (Rullman, 1898): — 

Cladothrix odorifera Rullman, 1898, in sputum, not in air. 

12. Nocardia enteritidis (Potticn, 1902): — 

Streptothrix enteritidis Pottien, 1902. 

These species may be differentiated as given on p. 1052. 

Subsection 2: Minora, 

The species belonging to this section are :■ — 

1. Nocardia farcinica'TrovVTm, 1889: — 

Bacillus du Farcin Nocard, 1888. 

Streptothrix far cinica Rossi-Doria, 1891. 

2. Nocardia sennaliensis (Brumpt, igob): — 

Indiella somaliensis Brumpt, 1906. 

Indiellopsis somaliensis (Brumpt, 1913). 

Discomyces somaliensis Brumpt, 1913. 

3. Nocardia indica (Kanthack, 1893): — 

Oospora indica Kanthack, 1893. 

Streptothrix mad^lrcB Vincent, 1894. 

Discomyces madurce Vincent, 1895. 
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,uteola. ( 5 ) Appendicis. ( 6 ) Candida, ( 7 ) Bovis. ( 8 ) Gramtnarum. ( 9 ) Rubra. ( 10 ) Lingualis. 
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Nocardia mudurce R. Blanchard, 1895. 

Micrococcus pelletieri Laveran, 1906. 

Odspora pelletieri Thiroux and Pelletier, 1912. 

Nocardia pelletieri Pinoy, 1912. 

Nocardia rivierei Verdun, 1912 (?). 

4. Nocardia leishmani Chalmers and Christopher son, 1916: — 

New acid-fast streptothrix pathogenic to man and 
animals described by Birt and Leishman in 1902. 

5. Nocardia gedanensis (Scheele and Petruschky, 1897): — 

Streptothrix gedanensis I. Scheele and Petruschky, 1897. 

6. Nocardia convoluta Chalmers and Christopherson, 1916. 

7. Nocardia minutissima (Burchardt, 1859): — • 

Microsporum ntinutissimuni Burchardt, 1859. 
Trichothecium J. Neumann, i8b8. 

Microsporon gracile Balzer, 1883. 

Sporotrichum minutissintum Saccardo, 1886. 
Microsporoides minutissimiis Neveu-Lemaire, 1908. 
Discomyces minutissimus Brumpt, 1910. 

Odspora minutissima Ridet, 1911. 

Nocardia minutissima Verdun, 1912, 

8. Nocardia rosenhachi (Kruse, 1896): — 

Streptothrix rosenhachi Kruse, 1896. 

9. Nocardia canis (Rabe, 1888):— 

Cladothrix canis Rabe, 1888. 

Streptothrix caprcB Silberschmidt, 1899. 

10, Nocardia asteroides (Eppinger, 1890): — 

Cladothrix asteroides Eppinger, 1890. 

Streptothrix eppingeri Rossi-Doria, 1891. 

Odspora asteroides Sauvageau and Radais, 1892. 

Nocardia asteroides R. Blanchard, 1895. 

Streptothrix hominis Sabrazes and Riviere, 1895. 
Actinomyces asteroides MacCallum, 1902. 

Discomyces asteroides Brumpt, 1906. 

Streptothrix freeri Musgrave and Clegg, 1907. 

Discomyces brasiliensis Lindenberg, 1909. 

The organisms described by Ferre and Faguet, by 
MacCallum, by Schabad, probably belong to this 
species. 

11. Nocardia hominis (Berestneff, 1897): — ■ 

Nec Actinomyces hominis Bostroem, synonym of N . bovis. 
Nec Actinomyces hominis Affanasieff=V'. bovis. 

Nec Actinomyces hominis Wolff and Israel— israeli. 
Nec Streptothrix hominis Sabrazes and Riviere 
asteroides. 

Nec Streptothrix hominis Hayo Bruns, 1899. 

Nec Streptothrix hominis Foulerton, 1902. 

Nec Streptothrix hominis IL Foulerton, 1910. 
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Nec Streptothrix hominislll. Foulerton, I905=A^. bovis. 
Nec Streptothrix hominis IV. Foulerton, 1910=^. bovis, 
Nec Streptothrix hominis III. Foulerton, 1910. 

12. Nocardia nigra (Castellani; 1913). 

Synonym, Streptothrix nigra Castellani, 1913. 

13. Nocardia pijperi Castellani and Chalmers, 1918. 

As there is so much confusion with regard to the specific name 
hominis, Chalmers and Christophcrson proposed that — 

S. hominis Bruns be changed to Nocardia hruni. 

S. hominis Foulerton be changed to Nocardia foulertoni. 

S. hominis II. Foulerton be changed to Nocardia londinensis. 
S. hominis 111 . Foulerton hv changc'd to Nocardia appendicis. 

These species may be separated as given on p. 1055. 


SuBSFXTiON 3 : Brevis. 

This subsection contains:— 

1. Nocardia valvulce (Luginger, 1904): — 

Streptothrix valvidcv destruens bovis Luginger, 1904. 

2. Nocardia ponceti Verdun, 1912. 

3. Nocardia buccalis (Roger, Bory, and Sartory, 1909): — 

Obspora buccalis Roger, Bory, and Sartory, 1909. 

Nec Streptothrix buccalis (loadby, 1903. 

4. Nocardia pulmonalis (Roger, Bory, and vSartory, 1909): — 

Obspora pulmonalis Roger, Bory, and vSartory, 1909. 

5. Nocardia dassonvillei Broeq-Rousseu, 1907:- — 

(kisperini’s Stre])tothrix, i8()0. 

0. Nocardi krausei (Chester, 1901):- — 

Streptothrix krausei ('lu'ster, 190T. 

7. Nocardia foulertoni Chiihrivrs and Christophcrson, 1916:- - 

Streptolhrix hominis Foulerton, 1902. 

Streptothrix hominis I. Foulerton, iqol). 

8. Nocardia londinensis, new name : — 

Streptothrix hominis II. Foulerton, 1906. 

9. Nocardia lignieresi (Brumpt, 1910): — 

A cti nobacillus lignieresi Brumpt, 1910. 

10. Nocardia bruni Chalmers and Christophcrson, 1916: — 
Streptothrix hominis Hayo Bruns, 1899. 

IT. Nocardia hercstneffi, new name: — 

Streptothrix cases i and 2 Berestneff, 1897. 

12. Nocardia equi (Dean, 1900): — 

Streptothrix from a horse of Dean, 1900. 

Probably the organism described by Norris and Larkin 
should come here, but we have been unable to see a 
description. 

These species may be differentiated as given on p. 1036. 
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Section 3: Incertae Sedis. 

In this list wc* lidvc ii'icliuli‘(l tlic forms concerning which wc have 
been unable* to (obtain full infoimation, and have, therefore been 
unable to classify according to tlu' above tables:— 

1. Actinomyces laccrlcx^ Tt*nii, icScji. 

2. SlrcptotJiyix pscudotuberculosa Flexm'r, 1898. 

j. Streptothrix of P>onvicini, i8{)(). 

4. Streptothrix polychroiioycnes \’allee. 1900. 

5. Actinomyces hicolor 'rrolleiKbu'. i()o 

(). Nocardia tigidre Ihizc'r, 1904. 

7. Actinomyces verrucosus Adler, 1904. 

8. Nocardia lasserei W^rdun, r()i2. 

9. Nocardia dcciissala Langeron and ('\\evalier, iui2. 

10. Actinomyces mnscuiormn s?/ts Dunckc'r. 

IT. A ctinoiiiyces pseudotiihcrculosisWcXwm and Kelk'r. 

12. Discomyccs holrncsi mentioned V)y (loedelst. 

1 3 . Streptothrix gelaiinosa 

14. Streptothrix aquaritis 

15. Streptothrix lehmann 

i(n Streptothrix chondri Olsen, i8()7 

17. Nocardia urinaria Pijper, 1938. 

Nocardia bovis Harz, 1877. 

Synonyms, — Actinomyces hovis Harz, 1877; Discomyccs bovis 
Rivolta, 1877; Bacterium actino-cladothrix Affanasieff, 1888; Nocar- 
dia aciinomvees Toni and Trevisan, 1889; Streptothrix acttnomyces 
Rossi-Doria, 1891; Oospora hovis Sauvageau and Radais, 1892; 
Actinomyces bovis sutphureiis Gas])erini. 1894; Nocardia bovis 
R. Blanchard, 1895; Actinomyces bovis sutphureiis, Gasperini, 1894; 
Cladothrix actinomyces Mace, 1897; Discomyccs bovis R. Blanchard, 
1900; Streptothrix spitzi Lignieres and Spitz, T903; Nocardia bovis 
Vuillcmin, 1912. 

This Nocardia is the cause of some cases of human and bovine 
actinomycosis, and of the actinomycotic mycetoma. The fungus 
lives parasitically in most tissues, in which it gives rise to degenera- 
tive and purulent changes. In the pus small, soft yellow granules — 
so-called ‘ sulphur grains -are seen. 3 'hese sulphur grains consist 
of masses of mycelium. At the periphery of the granule the threads 
are radially arranged, and their free extremities become club-like, 
10 to 20 Tfc in length and 8 to 10 in breadth. These* peculiar 
club-like formations have been considt‘red by some authorities to be 
degeneration forms of the fungus, but Brumpt has demionstrated 
that they are young active forms, and disappear in old granules. 
Other writers consider that these club-like formations do not form 
an intrinsic part of the fungus, but are due to reactive changes in 
the tissues. 


-mentioTU'd by Peklo. 
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Cultures.— The fungus grows easily on agar, glycerinated agar, 
gelatine, broth, potato, and other media. Optimum temperature, 
350 to 37° C. bn glycerinated agar the fungus grows fairly rapidly, 
giving rise to small, dry. coarsely granular, brown-yellowish 
colonies, which latter coalesce together. The fungus is Gram- 
positive, but not acid-fast. 

Saprophytic Life.— The fungus is found saprophytic on the 
spikelets of some cereals {Phleum fratense Linn^us, Hordeum 
miurnim Liniiceus, etc.). 

Pathogenicity.- -The experimental reproduction of the disease by 
inoculating pure cultures has not so far succeeded. Wright there- 
fore goes so far as to say that Actinomyces bovis is a contamination. 

Varieties.' -Gasperini describes three' varieties: N .hovis sulphur ea, 
N. bovis s til hnureu- alba, N . bovis luieo-rosca. Caininiti has described 
a variety wliicii lie tliinks may be a new species. N, lanjranchii 
Luigi Sani is also a variety of this Nocardia. 

Nocardia rosenbachi Kruse, 1896, 

Synonym. — Strepfothrix roscnhachi Kruse, 1896. 

Isolated by Roseiibach in a case of dermatitis, called by him 
‘ erysipeloid.’ Mycc'lial threads ver^^ slender; some terminate in 
club-like swellings. Can be cultivated on the usual laboratory 
media. Does not liquefy gelatine. 

Nocardia asteroides Kppinger, 1890, 

Synonyms. -(Aadothrix asteroides Icjipinger, 1890; Streptothnx 
eppingeri Rossi-Doria ; i8()t ; Oospora asteroides Sauvageau and 
Radais, iSqc ; Nocardia asteroides K. Blanchard, 1895; Discoviyces 
frecri Musgrave and (Tegg, 1907; N , brasiliensis Lindenbcrg, 1909. 

Found in myct'loma and in cases of abscess of the brain. Mycelial 
threads very sU'iider (0*2 wide); the mycelial articles become 
easily dissociated, wlun they look bacillus-like. This fungus is 
acid-fast and is vm'y similar to Bacillus tuberctilosis, but grows 
much more quickly on ordinary media : ol)ligative aerobe. Inocula- 
tions in tile rabbit and guinea-pig produce a form of pseudo- 
tuberculosis histologically indistinguishable from true tuberculosis. 

McCallum has found a Nocardia very similar to A^. asteroides in a 
case of peritonilis. 

Nocardia indica Kauthack, 1893. 

Synonyms. -Streptothrix madurce H. Vincent, 1894; Nocardia 
madimc R. Blanchard. i8()3: Micrococcus pelleiicri Laveran, 190G; 
Oospora pelleiicri Thiroux and Pelletier, 1912; Nocardia pelletieri 
Pinoy, 1912. 

It causes Vincent’s white mycetoma, very commonly found in 
Africa and Asia. The ‘ grains ’ which are found in the pus of such 
cases are soft, white, or slightly yellowish, and have a mulberry-like 
surface. At the periphery of the grains radiating filaments are 
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found, but claviform swellings are usually absent; mycelial threads 
are always very slender (i to ij fi). The fungus can be grown on 
the ordiriciry medio,. locultcitivc ocTobe. On glyccrinoted ogar it 
forms discoid colonics, white in the centre and reddish at the peri- 
phery. In the cultures the mycelial threads are as slender as in the 
grains. Some o the mycelial threads have at their extremities 
short chains ot small comdial elements. Gram-positive, but not 
acid-iast. 

It is to be noted that this fungus V' 'ry rarely produce s bone 
lesions. Most strains are inoculable into monkeys. 

Nocardia dassonvillei Brocephoussen, kjo;. 

Synonym, — Slreptothrix foersteri (Gasperini, t8()o). 

Very thin ramified, mycelial threads, which easily Ix'coine 
fragmented and dissociated into bacillary-like bodies. Numerous 
spherical coccus-like bodies (spores) present. Gram -positive. The 
fungus grows fairly well on gelatine, giving rise to small white, 
roundish colonics. This fungus has been found by Landrieu and 
Liegard in a case of conjunctivitis in an old lady who powdered her 
face extensively several times daily with ricc-powdcT. The authors 
suggest that the fungus may have been present in the rice-powder, 
as the same fungus is known to be found in several decaying cereals. 

Gasperini isolated in 1890 from the air a Nocardia which he 
identified as N. foersteri. FurtluT researches (Landrieu) have 
shown Gasperiiii’s fungus to be N . dassonvillei . 

Nocardia decussata Langeron and Chevalier, 1912. 

Synonym. — Discornyces decussatus I.angcron and Chevalier, 1912. 

Found by Langeron and Chevalier in a patient presenting 
peculiar whitish, dry, squamous patches. The fungus grows on 
ordinary media extn'incly slowly. Colonics milk-white, the central 
portion of which is slightly elevated and flattened, but has a minute 
nodule in the middle; very oftem four furrows, forming a cross, arc 
seen. The mycelial threads are thin, non-septate, and are easily 
dissociated into roundish bodies, i to 1-5 ii in diameter. 

The pathogenic role of this fungus is doubtful. 

Nocardia puimonalis II. Roger, P>ory, and Sartory, 1909. 

In the parasitic stage may appear in the shape of bacillary-like 
bodies, about 0*5 //, in diameter. In cultures (maltose broth) 
thin mycelial filaments, 0*5 //, in diameter, arc present, some branch- 
ing, some terminating in club-likc formations. Some mycelial 
threads arc very fragile, and become fragmented into strings of 
bacillary or coccus-like bodies. 

Pathogenicity.- Causes a type of pseudo-tuberculosis. In the 
expectoration occasionally small white granules, composed of 
masses of the fungus, are present. Sartory has found the fungus in 
a case of otitis 
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Nocardia pijperi Castellani and Chalmers, 1919. 

l)iscover(;(l and dcscrilnul by Pijper in a case of clironic bronchitis 
in Soutli Africa. The fnngns is non-motile, Gram-positive, not 
acid-fast. It ^rows on af^ar, giving rise to small whitish colonies, 
becoming visible after forty-eight to seventy-two hours. The 
colonic^s increase in size, slowly becoming hard lik(‘ cartilage, and 
V(u*y adheiauit to the medium. Tlic surface is crinkled. The fungus 
does not grow on gelatine nor on Sabouraud’s maltose agar. Broth 
rimiains clear, growtli taking place at the bottom. 

1 h(‘ fungus can be grown also anaerobically. It is pathogenic to 
guinea-])igs by intraperitoneal injection. Nodules develop on the 
peritoneum, consisting of an oidaa wall of e])ithelioid cadis and leuco- 
cyt(is surrounding a cavity filled witli iluid, in which asteroid 
colonies of tiie fungus are found. 

Nocardia Candida Pelriischkv, 1901. 

r'oand in sputum. 

Nocardia aurea J)u I^ois Sl.-St*\^erin, 1902. 

hound in a case ol ulcerative conjunctivitis. 

Nocardia odorifera KuUman and Perutz, 1898. 

hound by Kullmann in a, cas(‘ of chronic bronchitis. Ahu'ely a syjionym 
of jV. chro)HogcHa (iasperini. 

Nocardia liquefaciens Hesse. 1892. 

Synonym. C hulothri v iKiucjaciois hlesse, 1892. 

Cii\a‘s rise to while colonies on and later li(|uclies the medium. 

Was isolated from a ('ase ol ac.tinomycosis. Licjiudies serum. 

Nocardia ponceti Verdun, 1912. 

Not cultival)le on agar or gcilatimc (Irow.s well on serum, where it takes a 
bac'illary-like form. lu)und by M(K)rhof, Dor, and Poiicet in a case of myo- 
mycosis resembling actinomycosis. 

Nocardia fusca Karwa,( ki, 1911. 

isolated by Karwa.cki from the sputum of a tulxu-cular patient. Dark 
yellowish colour. 

Nocardia luteola I'oulerton and Jones. 

I'^oiind in a case of purulent conjunctivitis. 

Nocardia carnea Rossi Doria, 1891. 

Isolatt'd by Ikildoni from a case of chronic bronchitis. Reel colonic'S. 

Nocardia garteni Prumpt, 1910. 

Synonyms. -c 7 tn/c)//;>'/v Jiqurfaciens No. 2 Garten, 1895; Discumvccs garteni 
Prumpt, 1910. 

Licjueties gelatiiuc On potatoes gives rise to wliite colonies, while the 
medium takes a greenish colour. Was isolated from a ease of actinomycosis. 

Nocardia enteritidis Potticn, 1902. 

Found in cases of enteritis by Pottien. 
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Nocardia buccalisH. Roger, Bory, and Sartory, 1909. 

Synonyms. — Oosporu huccalis H. Roger, Bory, and Sartory, 1909; 
Discomyces huccalis Brumpt, 1910. 

Thin mycelial filaments (0*7 to 0 8 fi). Some ramified mycelial 
threads are very fragile, becoming fragmented into strings of 
bacillary-like or coccus-like bodies. Can be cultivated. 



Fig. '^^2. ~ Nocardia pitlmonalis ^^i^. - Nooardia huccalis 

H. Roger, Rory, and Sartory. Ro(;er, Rory, and Sartory. 

(After Roger and Sartory.) 

Pathogenicity.- -May give rise to a form of stomatitis somewhat 
resembling thrush. It has beim found also in tonsillar abscesses. 

Nocardia lasserrei Verdun, 1912. 

Synonym, — Nocardia sp. (?) l.assere, 1904. 

Found by Lasserre in 1904 in an ulcerative lesion situated on 
the pharynx and upper lip. Mycelial filaments very thin (0-5 to 
l^)\ fragile, club-like formations present. Can be cultivated. 
Pathogenic to rabbits and guinea-pigs, but only by intracerebral 

injection. Nocardia lingualis Gueguen, 1908. 

Synonyms. -0 os par a lingualis G ueguen , 1908 ; Discomyces lingualis 
(Brumpt, 1910). 

In the parasitic stage the fungus appears in the shape of bacillary 
bodies, less than 0*3 jj, in diameter. In cultures it shows a mycelial 
type with very thin lilanuaits. It is probably non-pathogenic ; it 
has been found in cases of lingua nigra in association with Crypto- 
coccus linguce piloscr. 

Nocardia rivierei Verdun, 1912. 

Isolated by Riviere (1895) in a case of multiple abscesses. Is 
cultivable on ordinary meclia. 

Nocardia appendicis Chalmers and Christopher son, 1916. 

Synonyvas,- -Streptoihrix hominis Foulerton, 1906; Oospora 
hominis Ridet, 1911. 

Discovered by Foulerton in a case of multiple abscesses; was 
present also in the expectoration of the same patient. Foulerton 
has found similar fungi (N . hominis III .) in cases of appendicitis. 

Nocardia minutissima Burchardt, 18O9. 

Synonyms. — Microsporum minutissimum Burchardt, 1869: 
M. gracile Balzer, 1883; Sporotrichum minutissimum Saccardo, 
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1896; Discomyces ntinutissimus P. Verdun, 1907; Microsporoides 
minutissimus Neveu-Lemaire, 1906; Oospora ntinutissinta Ridet, 
1911. 

Mycelial threads extremely thin (o*6 /^); seldom ram^ified. The 
mycelial segmemts get easily dissociated, and have then the appear- 
ance of bacilli. Is the cause of 
erythrasma. Michele, Ducrey, 
and Reale claim to have 
cultivated it. 






I'K'- 553' — ColuiistrrpioJiHx 
irnnis Ca-STRClant. 


Nocardia convoiuta C halmers and ('hristopluTson. KjiCe 

Nocardia. -(iram-]H)sitive. but not acid-fast, without club 
formalioiis ; found j)arasitic in man; easy of cultivation, growing 
acuobically and anaerobically at 22” C. and 37" with a marked 
preference for alkaline media, and with the production of good 
but limited growths on tlu‘ different agars, and the same at first on 
blood serum and ])otat(). on which, howeve r, it be conu's more pro- 
fuse lat('r. Not liquefying gelatine, but causing liquefaction of in- 
spissati'd oxddood serum, without diastatic action. Colonies usually 
soiiK'what translucent when young, of a light to warm bufi 
colour (Ridgway’s Idate XW, 17, f or d), and either con- 

voluted or having the appearance* of a jelly turned out of a mould, 
later ch'veloping a wdiitish powdery etiiorescence, without distinct 
odour, never pigmenting the medium on which it is grown; not 
fermenting or pe})tonizing milk. Non-patliogenic for monkeys 
and other laboratory animals. 

Remarks.- -It is fairly freqiu'iitly found in the actinomycotic type 
of Madura foot in Khartoum, Anglo-ltgy])tian Sudan. 

Nocardia nigra Castcllani, 1913. 

Nocardia, (Tram-]iosi 1 ive, some strains acid-fast, no dciinilc club formations. 
Grows aerobically anti anaerobically at 22® C. and 35® C. Colonies on maltose 
agar and onlinary agar are black. Most strains liepefy gelatine. 

Nocardia lutea was found by Christopherson and Aicliibald in 1918 in the 
lachrymal canal of a case in Khartonm. 
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Genus Cohnistreptothrix Pinoy, 1911. 

Definition.- — Nocardiaceae growing best anaerobically, but can 
grow aerobically; usually difficult to cultivate and do not produce 
arthrospores. 

Type Species. — Cohnistreptolhrix israeli (Knise, 1896). 

Historical. — In 1891 Wolfl and Israel published a beautifully 
illustrated account of a streptothrix, which they had isolated from 
two cases of actinomycosis in man- -viz., from the lungs and from 
a retromaxillary growth. This organism was considerc^d to differ 
from N. bovis in that it grew best anaerobically, that branching was 
absent, and that its injections into animals were regularly positive 
in their result. These three characteristics induced Kruse, in 1896, 
to make a new species for it under the name Streptothrix israeli. 
In 1911, for reasons already set forth, Pinoy founded a new genus, 
C ohni streptothrix , with Israel’s organism as the t37pe species, and 
therefore its name becomes C ohni streptothrix israeli (Kruse, 1896). 

It appears to us to be of import an C(‘ to give a brief history of the 
species. 

Lachrymal concretions have beem known since ('esoin described 
them in 1670. In 1848, (Iruby, exaniining one of these objects, 
found it to be composed of a fungus, which he believed to be the 
same as that causing favus, but Cohn, in 1875, (examining another 
such concretion, also saw a fungus, for which he creatt.'d a new 
genus streptothrix, calling the fungus in question Streptothrix 
foersteri Cohn, 1875, which may be the same organism as S. aurens 
Du Eois de .Saint Severin, 1895, and must be closc'ly related to 
Nocardia tennis ('astellani, 19TI, which belongs to the same genus, 
and as its colonies on agar arc ‘ ccrebriform ’ it may possibl}' be the 
same as, or related to, Strepiofhrix radiatus and S. cerehriformis 
(both described from cases of keratitis by Narnyslowski in 1909), as 
well as the more' aerobic hy])hal form of Silberschmidt’s organism. 

Unfortunately, a mistake was made, for Cohn was not aware 
that the name Streptothrix had already been given by Corda, in 
1839, for another and c|uitc‘ different fur»gus, which is known as 
Streptothrix fusca Corda, 1839, and is to be found in all works 
of any importance on systemic mycology Therefore, as strepto- 
thrix is not available, after many changes, the generic name has 
become Cohnistreptothrix Pinoy, 1911, and to this genus Israel’s 
human organism belongs. It differs fn m Bollinger’s type of fungus 
in growing best anaerobically, in being difficult to cultivate, and in 
not producing arthrospores. Other allied organisms are Cohni- 
streptothrix thihiergei (Ravaut and Pinoy, 1909), also found in acti- 
nomycosis in man ; Streptothrix spiizi Lignieres, 1903, found in cattle, 
is probably identical with C. israeli ^ as may be Doyen’s streptothrix ; 

ocardia carougeaui Gougerot, 1909, in juxta-articular nodules, 
and Streptothrix cuniculi Schmorl, 1891, probably also belong to this 
genus, as well as the streptothrix recently discovered in a liver 
abscess in America by Bloomfield and Bayne- Jones (rgifl). Perhaps 
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the bacillus described by Sawtschenko, in 1896, as the causal agent 
of a pseudo-mycetoinatous condition may also belong to this genus, 
and it is also possible that the Coccohacillus pseudo-actinomycosis 
polymorphus Bc-rc^stneif . 1898, may be the same as the chromogenic 
anaerobic slr('])t()lhrix obtained from human pus by Neschezadi- 
menko in 1908. 

Classification.- 'i'lu' species included in this genus arc' : — 

1. ('olinislycplolhnx silhcrschniidli Chalmers and Christoplierscn, 

1916:-- 

This name is given to distinguish the obligatory anaerobic 
stre])tothrix found by Silberschmidt, in 1900, in dacryo- 
cystitis, and described in the Ccntralhlati fur Bakterio- 
lo<^ic, xxvii., and further cases in Zeitschrift fiir Hygiene 
(rc)oi), xxxvii. 

2. CohnistrepLothrix cuniculi (Schmorl, 1891): — 

Strcpiolhrix cuniculi vSchmorl, 1891. 

A cLinomvees cuniculi (iasperini, 1894. 

Slrepiolhrix nccrophora Kitt, ipob. 

? Bacillus necroseos Salmonsen. 

? Necrosis bacillus of Bang. 

? Bacillus diphthcricc vilulorum Fliigge. 

? Bacillus necrophoriis Fliigge. 

3. Cohnislrcptoihyix neschczadiuienki (Tialmc'rs and Christopherson, 

I9T();- 

I'his name is given to distinguish the obligatory anaerobic 
strc'plothrix found by Keschezadimenko, in 1908, in 
human pus. and described in the Cenlralhlalt fur Bak- 
leriologie, xlvi. 

? ('occobacillus pseud o-aclinontycosis polymorphus Eerest- 
neff, 1898. 

C oh ni slrepiolhrix auiericana Chalmers and Christojdien c n, 
ipK) : — 

IThs name is given to distinguish the streptothrix which 
only grows under partial anaerobic and aerobic con- 
ditions, obtained from a liver abscess b^^ Ihoomheld 
and Jkiyiie-Jones in i()i5, and described in Johns 
Hopkins Hospital Bull elin, xxvi.. No. 292. 

5. Cohnistreptothrix israeli (Kruse, i89()):- — 

Strepiothrix israeli Kruse, 1896. 

Streploihnx spifzi Lignieres, 1903. 

Possibly the streptothrices described by Doyen in 1891, 
by Jurinka in 189b, and some of those by Silberschmidt 
in 1901, by Schukewitsch in 1902, by Doepke in 1903, 
and by Wright in 1904. 

6. Cohnistreptothrix thihicrgci (Ravaut and Pinoy, 1909):^ — 

Disconiyces thihiergei Ravaut and Pinoy, 1909. 
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Yellow. Very small and white. 

(5) Israeli. (6) Thihieypei 
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7. Cohnistreptothrix foersteri (Cohn, 1874): — • 

Streptothrix foersteri Cohn, 1874. 

Leptoihrix oculorum Sorokin, 1881. 

Odspora foersteri Sauvageau and Radais, 1892. 

Streptothrix aurea Du Bois de Saint Scverin, 1895, 
Streptothrix foersteri Kruse, 1896. 

Tli(^ aerobic streptothrix of Silberschmidt obtained from 
a case of dacryocystitis, 1901. 

? Streptothrix radiatalSddXiy?Xo^s]d, 1909. 

? Streptothrix cerehriformis^[xmy' 6 \o'<^^'k\, 1909. 

8. Cohnistreptothrix tenuis (Castellani, 1911):— 

Nocardia tenuis Castellani, 1911. 

9. Cohnistreptothrix carougeaui (Gougerot, 1909): — 

Discontyces carougeaui Gougerot, 1909. 

Nocardia carougeaui Castellani and Chalmers, 1913 • 

These species may be differentiated as given on p. 1065. 


Cohnistreptothrix Israeli Kruse, 1896. 

Synonyms. isracli Krus(% iHpb; Cohnistreptothrix 

israeli Pinoy, 1911. 

Found in some cast's of liuman and bovine actinomycosis. It 
difftTS from N . bovis by bcang strictly anaerobic. Inoculations of 
pure cultures have reproduced actinomycotic k'sions, while so far 
such (^xpt'rimental lesions have not been obtained by using cultures 
of N, bovis. 

Wriglit stales that N. isracli is the real cause of actinom^^cosis, 
while N. bovis would be only a contamination or a saprophytic 
agent. We agree, liowevcr, with Pinoy ’s opinion that the clinical 
features of actinomycosis may be due to several germs: in man Pinoy 
has found N. bovis and N . isracli : in oxen iV. isracli in most cases, 
but also N . bovis, the actinobacillus, and mixed infections. 

The actinobacillus of Lignidres and Spitz, very common in South America, 
gives rise to a type of actinomycosis of cattle affecting generally the tongue 
and neck, in which no grains arc found. The germ in the affected tissues 
appears in the shape of a club-like bacillus. Cultivation is difficult, the 
best medium being glucose serum agar. The colonies are minute, bluish, 
or translucid, with irregular edge. The germ generally dies out after two 
or three subcultures. Pinoy and Ravaut have described a case of menin- 
gitis in man due to this bacillus. 

Cohnistreptothrix thibiergei Pinoy and Ravaut, 1909. 

Synonym. -Nocardia thibiergei Pinoy and Ravaut, 1909. 

Discovered by Pinoy and Ravaut in a case of peculiar nodular 
affection of the subcutaneous tissues and muscles. In the lesions 
very thin (o*2 fC) fragile mycelial threads are seen, often dissociated 
in bacillary-like bodies. Masses of mycelia embedded in amorphous 
cementing substance form minute grains or sclerotia, with a maxi- 
mum diameter of about 80 Some filaments terminate in club- 
like formations about 3 jll in breadth, which are acid-fast. 
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The fungus is easily cultivated, aerobically and anaerobically. 
On maltose agar it produces small white colonies; on broth it 
develops only at the bottom of the tube. 

Cohnistreptothrix foersteri Cohn, 1874. 

Synonyms. — Streptothrlx foersteri Cohn, 1874; Oospora foersteri 
Radais et Sauvageau, 1892; Discomyccs foersteri Blanchard, 1895; 
Cohnistreptothrix foersteri Ihnoy, 1911. 

Mycelial threads very slender, seldom ramified, often terminating 
in a chain of rod-like or coccus-like elennmts. Masses of the fungus 
form some peculiar white bodies or concretions (Desmarres’ dacryo- 
lithes), about 2 millimetres in diameter, which are occasionally 
found in the lachrymal canals of man. 

The fungus has been cultivated with difficulty aerobically and 
anaerobically by several authors, among whom Kastalky, Axenfeld, 
Morax, and Landrieu. The last named has made a thorough in- 
vestigation of the fungus, which, according to him, shows a slow 
growth and gives rise on maltose agar to small cerebrifonn colonies 
of a grey-stone colour. 

The peculiar concretions found in the laclirymal canals were ftrst studied 
by essoin in i()70 and Sandifors in 1779. Desinarres, in i<S42, considered 
them to be calculi composed of lime salts, and indicated them by the name 
of dacryolithes. Gruby believed they were induced by the fungus of Favus, 
but his observations remained unpublished. A. dc Graefe, in 1854, tiy^t 
stated in a pnblislu'd work that these concretions were of mycotic origin. 
He thought they were due to A chorion schoenleini, while Conheim and otlu^rs 
believed them to be caused by Nocavdia {Strepiothrix) buccalis. In 1875 
Cohn described the fungus under the name of Strepiothrix foersteri. 


Cohnistreptothrix tenuis (Castellani, 1911). 

Synonym. — Nocaniia tenuis Castellani, 1910. 

Found by Castellani in a nodular alfection of the liair of the 
axillary regions. In the parasitic stage, the genu appears in the 
shape of bacillary-like bodies, varying in breadth (o-2 to o-6 and 
in length (2 to 10 /jl), packed together and embedded into an 
amorphous cementing substance. The bacillary bodies are either 
straight or bent, seldom branching. Gram -positive, but not acid- 
fast. Masses of this fungus embedded in amorphous cementing 
substance form the nodules of trichomycosis flava of the axillary 
regions. (See Plate VI., p. io34)« 

In the black variety of the affection Nocardia tenuis is associated with a 
black pigment-producing coccus — N igrococcus nigrescens Castellani, 1911. In 
the red variety the same Nocardia is associated with a red pigment-producing 
coccus found by Castellani, and (ailed by Clialmers and G barre*!! Uhodococcus 
castellanii ChdXmov?, 3 .ud O’ idarveW, 

For the growth of the black pigment-producing coccus, sugar media are 
more suitable than ordinary agar. On Sabouraud’s agar the colonies of this 
coccus appear twenty-four to forty-eight hours after inoculation. They arc 
roundish, at first white, but after a couple of days the centre of each (:olony 
turns black; at this pigmentation slowly spreads excentrically. After a 
time the colonies coalesce into a jet-black mass. On glucose agar the coccus 
presents the same characters. On ordinary agar the pigmentation is much less 
marked or almost absent. 
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The red pigment-producing coccus, on the other hand, grows better and 
shows more pigmentation on ordinary agar than on maltose or glucose agar. 


ADDENDUM. 

A few words may be instaTod on certain filamentous vegetal organisms, on 
the classification ol which there is much discussion — viz., organisms of the 
genus LrfHofhyiy, of flic genus Cladothrix , of the genus Vibriolhrix. 

Genus Leptothrix Kiitzing, iS gt- 

Deflnition. -h'ilame.ntous fungi with long, very thin mycedial threads, with 
no capsnk' or only a vci y delicate one; non-brancliing, non-septate, generally 
non cult ivabk'. 

Type Species. — J^rptoth/ix maxima- Miller. 

'riie following sj)ecies concern us: - 

Leptothrix maxima Miller, i88z. 

Synonym. L. huccalis maxima Miller. 

Ia)ng thin lilaments, unsegmented, or with very long segments. When 
treat('d with iodim' ami dilute sidphuric acid gives a blue granulose reaction. 
Has not l)een cultivated. 

Leptothrix innominata Miller, 1882. 

Morphologically identical with L. maxima, but when treated with iodine and 
dilute sidphuric a, rid does not give a blue reaction. Has not been cultivated. 

Leptothrix racemosa Miller. 1882. 

Fil.'vuK'nls somewha t thu ker than those found in tiu' two preceding species. 
On staining shows a peculiar beaded apjx'aranctc Has not been cultivated. 

Leptothrix placoides Dobrzyniecki. 

\k‘ry long thin lilainents. Grain-j)ositi ve, non-niotile. (Gelatine liquefied. 
Growth on agar vaa v slow; prodiici's very hard griinula,r colonies. Isolated 
from human moutli by Dobrzyniecki. 

Leptothrix flliformis Flexner, 1896. 

Synonym, -/kno 7 ///s {iuptothrix ?) pyoy^oics filifovmis Flexner, 1896. 
Isolati'd b\- Idc'xnei from a ra.l)bit. Is non-motile, of dithcult cultivation, 
])athogenic. 

Leptothrix vaginalis Donne, 1885. 

k'ound in vagina of women and mammals. 

Genus Cladothrix (k)hn, 1875. 

Definition. -Idlainentous fungi with myi elial threads very long, thin, show- 
ing jiseiido-branching. riu* only sjieeies eone.erning us is Cladothrix dichotoma 
Cohn. 

Cladothrix dichotoma Cohn, 1875. 

Long thick mycelial threads straight or slightly undulating. They are 
not ilk hotomous, as the name would suggest; it is merely a ease of pscudo- 
branehing. The organism can be cultivated on ordinary laboratory media, 
forming on agar a luanvnish, wrinkled, tough, membranous layer, very 
adherent, d'he medium may become stained, slightly brownish. The organ- 
ism is found often in w’aters. We liave found it, or a very similar species, 
in an ulcer of the foot in association witli many other organisms. 

Genus Vibriothrix Castellani, 1917. 

The mycelial articles are motile, of very different shape: bacillary, vibrio- 
like, spirillum-like, at times club-ended. Globular or pear-shaped bodies 
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of very variable size may be present. Gram-negative, not acid-fast. Cultiv- 
able on ordinary media. 

Type Species. — Vibviothvix zc\la}iica Casfellani, 1910. 

Synonyms. zcylanicum Castella,ni, 1910; Vihvio zcylanicus 

Castellani, 1913; Bacillus zcylaiiiciis Castella,Tii, 1913; V ibriuilivix ziyUDiica 
Castcllani, 1917; Spirobacillus ze\>lan icitsQx\.':siiA\'d.m , Spagnolo, and Russo, 1918. 

Remarks. — Very polymorphic organism, vibrio-like, bacilUis-like, and 
undulating forms being often found in the same })reparation. Very small, 
medium size, and occasionally large roundish bodies are at times obscrx ed, 
and club-like forms may also be present [vide h'igs. 71)4, yby, ]>, 1830). 

The organism is motile, Gram-negativ(', not ackl-fast. ICasily grown on 
ordinary media. On potato the growth is often ol a reddish colour. In 
broth there is often a pellicle; ])reparati()ns fiom the fluid medium generally 
show a predominance of vibrio-like or bacillary forms, wliile in the jiellicle 
long undulating forms are often found. On MacConkey’s medium the colonies 
are white, and somewhat resemble those of the ty])hoid-dys(uitery group. 
The organism docs not ferment any of the usual laboratory carbohydrates or 
alcohols: glucose, levulosc, galactose, maltose, lactose, saccharose, inannitol, 
dulcite, rafiinose. There is, in fact, freciuently a ])roductiori oi alkalinity. 
Milk is not clotted and is rendered alkaline, and certain strains after several 
weeks may induce a certain degree of pc'ptonization. d lie great majority 
of strains are non-])athogenic to rabbits and guinea-pigs. 

The germ was first isolated by Castcdlani from cases oi dyscmteric' enteritis 
in Ceylon, and has recently been observed by the same author and by Spagnolo, 
Rus.so, Taylor, Douglas, and Ghiron, in Kuro])e (sec' p. 183(1). 

The germ is found in great abundance' in a number of cases of dysentery, 
while it seems to be rare in other conditions; it is very doubtlul, howeveu, 
whether it can really become pathogenic, Castellani having found it also in 
cases in which the typical Shiga-Kruse bac illus was jiresent. 1 1 may, pc rhajis, 
be considered to be a so-called ‘ nos()])arasile ’ similarly to what is the casewith 
certain species of proteus found in cholera, in typhus ievx'r, and other conditions. 


ORDER II. THALLOSPORALES \ lullmiin, rcjTO. 

Definition.- -Hypliales witli the niycoliuni composed of hyplnx 
more than one micron in diameter, and citluT short and rc'scmbling 
the coiiidia or longer and distinct therefrom. J'^eproduction by 
means of thallospores. Parasitic on man, animals, aiul plants, or 
sayirophytic. 

Classification. — This order may be divided as follows; — 

Reproduction by means of the form of t]Killos])ore called 
blastosporc — SuborcU'r t, Bladospovincce Vuilhnnin, 1911. 

Reproduction by means of the form of thallos])or(' called 
arthrospore -Subordc'r 2, Arthrosporinecr Vnillemin, 19TI. 

SUBORDER I. BLASTOSPORINE/lt Vuillemin, 1911. 

Definition.-- -Thallosporales with hyphte similar to or dissimilar 
from the spores, and reproducing by means of blastosporc's, which 
are in turn capable of immediately reproducing thcmsclvt^s. 

Remarks. -This order includes Cryptococcus, which, in its old 
position among the Ascornycctcs, was certainly an anomaly, being 
an Ascomyccte without an ascus, and if an ascus was found in a 
species, then it at once became a saccharomyces. The researches 
of many observers, but particularly Busse, tend to show that the 
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genus Cryptococcus Kiitzing, 1833, is good, and therefore should 
find a suitable place in a fungal classification. 

Saccharomyces and its allies and cryptococcus and its allies are, 
however, so closely related that it is necessaiy to give some simple 
scheme whereby lal^oratory workers and clinicians may easily 
differentiate those found in pathological work; and such a scheme 
is as follows 

I. In cultures budding forms present; mycelium absent, or 
only traces thereof present ; asci present — Saccharontyces. 

JI. As 1., blit no asci present- — ■Crypiococcus. 

III. Budding forms present; mycelium well developed; septate 

or not,' branched or not; asci prc^Lmi -Eudontyces. 

IV. As III., but asci not present — Monilia. 

V. Budding forms absent; mycelium well developed, septate; 
oval or rectangular arthrospores (thallosporcs) present — 
Oidinm. 

Glassification. -The various families of the Blastosporinere with 
which we are concern(‘d may b(‘ recognized as follows: — ■ 

A. Hypha not manifestly di-ffereni from the spores :—~ 

I. Spores not in chains. Usually do not ferment carbo- 
hydrates with the ])roduction of gas — -Family i, 
Cryplococcacca^ Kiitzing, 1833. 

11. Spores in chains. Usually ferment carbohydrates 
with the ])roduction of gas- — -I'amily 2, Oosporacece 
Saccardo, i88(). 

B. llypJue manifesUy different from the spores : — 

1. Spores not in chains, but arranged verticilkitely — 
Family 3, ]ina)iti othaninacece Chalmers and Archi- 
bald, 1915. 

TI. SpoH'S in chains - Family 4, Haplof^raphiacecr Sac- 
cardo, i88(). 

111. Spores in short chains or solitary-- -Family 5, Clado- 
sporiaccd’ Saccardo, i88(). 

Family i: Cryptococcace^ Kiitzing, 1833. 

Definition. — -Blastosporim’ae in which the hyphre are little different 
from the conidia, both being yeast-like in form. The conidia are en- 
tirely formed by gemination from the liyplue and are never in chains. 

Remarks.- -This family, of which the type genus is Cryptococcus, 
is very commonly classitical with the class Ascomycetes, which in- 
cludes an order establislied by BrefelcI and variously named hemi- 
ascomycetes, hemi-asci, ])roto-asci, and gymnascales. This order 
is looked upon by many authorities as a link between the Phycomy- 
cetes and the true Ascomycetes, and, indeed, its founder, Brefeld, 
believed that, in process of evolution, the sporangium of the Phy- 
comycetes had been converted into the ascus of the Ascomycetes. 
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ClasslftcatloTX, ^The family contains tlie following genera*. 

Torulct Persoon, 1801; Cryptococms Kiitzing, 1833; Pityrosporum 
Sabonraud, 1895; and Mycodermu Persoon, 1822; which may be 
differentiated as follows :• — 

A. Vegetative elements not elongate: — 

I. N on-pathogenic : — 

Vegetative elements roundish or oval, containing a large globule 
of fat. Budding takes place, and often by several buds at 
one and the same time. Pigment is frequently present. 
In fluid sugar media a thick pellicle, without bubbles of eiir, 
is slowly produced — Torula. 

II. Pathogenic : — 

(a) Vegetative elements with well-developed double contour; no 
large globule of fat. Budding takes place with a single 
bud at a time. No thick pellicle on fluid sugar media. 
Cultivated — Cryptococcus. 

{h) Vegetative elements often without double contour. Not 
cultivaXcd—Pityrosporum . 

B, Vegetative elements elongate: — 

In fluid sugar media a thick pellicle containing bubbles of gas is 
quickly produced- — JMycoderma. 


The genera with which wc are concerned are C ryptococciis and 
Pityrosporum . 



Fig. 556. — Diagram showing Fig. 557. — Cryptococcus 

Budding Characteristic of myrmecicB. 

niycodcvnm (/i) and Torula {b). 

(After Hansen.) 

Genus Cryptococcus Kiitzing, 1833. 

Definition. — Cryptococcaceae with vegetative elements not elon- 
gate ; pathogenic, with well-developed double contour, but no globule 
of fat and only one bud at a time, and no formation of thick pellicle 
on fluid sugar media. Can be cultivated. 

Type Species,- -Cryptococcus hominis Vuillemin, 1901. 

Remarks and Classification.- -The name Cryptococcus was intro- 
duced by Kiitzing in 1833 as the generic name for certain forms of 
his algae, which he classified as belonging to the subclass Malaco- 
phyceae, tribe Gymnospermeae, order Eremospermeae, suborder 
Mycophyceae, and family Cryptococcaceae. This family he defined 
as: ' Globuli goninnei iniiititissirui Mucosi in stratum indepnitum 
aggregatiP and in this family he placed three genera. Cryptococcus, 
Ulvina, and Sphaerotilus. The genus Cryptococcus was character- 
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ized as: ‘ Glohtili gonimici in stratum amorphmn diffustim aggregati.' 
In this g(‘,nus he gathered no less than thirteen speeies, all described 
by himself and mostly found in water or in pharmaceutical prepara- 
tions. 

His twelftli and thirt(‘enth species were, however, more interest- 
ing, as they wtae called (Wyptococcus cerevisio’ and (\ vim . 

In i(Sj7 Meyen separated (\ cerevisice from the genus Cryptococ- 
cus, b(‘cause it reproduced by ascospores as well as by budding, 
and -to this new gcaius he gave the name Sac char omyces, so that 
Cryp/ococcits cerevisia' b(‘came Saccharomyccs cerevisicc. 

Cryptococcus therefore remained for those yeast-like fungi which 
do not reproduce by ascospoia^s, but only by budding. 

The removal of the species cerevisia' from Crypiococcus was not 
recognized by Charles Robin, and with it he grouped the fungus found 
by Remak in 1845 in the biliary passages and intestines of rabbits, 
to which in 1847 he gave' tlu^ name Crypfococcus guttulaius. Later, 
however, it was also shown to belong to the genus Saccharomyces. 

In 1874 Rivolta noticed peculiar bodies in a form of lymphangitis 
in horses, and in 1883 he and Micellone named this organism Crypto- 
coccus farciminosm . 

During this period one or two organisms had a temjxjrary resting- 
place in this genus — c.g., Fresenius’s C>r/>/ecorr//s glntinus. 

Tht' hrst case in which a cryptococcus was definitely proved to be 
tlu‘ caus(‘ of dis('as(‘ was Buss(‘’s case of cystic swellings of the tibia 
in a woman, aged thirty-one. The bodies in qiu'stion were first seen 
by Buschk(‘, but it was Busse who first provi'd that they were the 
true! cause of tlu' disease, and showed that tlu'y were pathogenic to 
animals. Tlu^se yeast-lik(‘ organisms were found at tlu' autop.sy 
soim‘ thirteen months later to occur in sarcomatous-like growths 
consisting of young granulation tissue and giant cells, not merely 
in the cysts, but also in tlu‘ lungs, kidneys, spleen, and in a vesicle on 
the cornea. The organism grew wvW on potato and in acid media. 
It fermented glucose and was specially pathogenic for rats. It 
only riqiroduced by budding, and no endospores or mycelium were 
evcT secMi. It was this that induced Vuillemin to give it the name 
Cr\ plococciis lioiniuis, tqoi . 

Including C. hominis, and after excluding several wrongly classi- 
li(‘d forms, there are about fourteen species parasitic in man which 
can at pn'sent be referred to the genus Cryptococcus, e.g. :■ — 

Crypiococcus hrcivcri Verdun, 1912, described in an abscess of the 
vertebral column; C. tankini Legendre, 1911, found in two cases of 
blastomycosis in Indo-China. 

In addition a number of cryptococci have been found associated 
with cancers, sarcomata, and innocent tumours — e.g,, C . plimmeri 
Constantin, 190T ; C, degencrans Vuillemin, 1896; C. corsellii Neveu- 
Lemairc, 1908; C. hcssleri Rcttger, 1904. 

The following have been found in the mouth or throat: — C. stil- 
fureus Beauverie and Lesieur, 1912; C. lesieuri Beauverie and 
Lesieur, 1912 ; C. salmoneus Sartory, 1911 ; C. guillermondi Beauverie 
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and Lesieur, 1912; C. rogeri Sartory, 1911; and C. lingtue-pilosa 
Lucet, 1901. 

According to most authors, Histoplasnta capsulatunt Darling, 
1906, is not an animal but a vegetal parasite, and should be classified 
as a cryptococcus. 

The parasite found in cases of chronic ulcerative dermatitis in 
America, and named Cryptococcus dermatitis Gilchrist and Stokes, 
according to some authors, does not belong to the genus Crypto- 
coccus of Kiitzing, but to the genus Mycoderma of Persoon, 1822 ; 
but we have retained it under Cryptococcus. 

Recently Chalmers and Christopherson in the Anglo-Egyptian 
Sudan have found a cryptococcus in a peculiar disease consisting of 
spreading warts, to which they have given the name Murmekias- 
mosis amphilaphes. As the cryptococcus is closely associated with 
the condition, they have named it C. myrmecici' Chalmers and 
Christopherson, 1914, but they were unable to prove conclusively 
that it was the ietiological factor, though they brought forward 
some facts to support such a contention. 

Cryptococcus dermatitidis Gilchrist and Stokes, 1898. 

Synonyms. — Blastomyces dermatitis Gilchrist and Stokes, 1898; 
Cryptococcus gilchristi Vuillemin; Zymonema gilchristi dc Beurmann 
and Gougerot. 

Found by Gilchrist and vStokes in a case of chronic ulcerative 
dermatitis, and later in a case which had been diagnosed as a 
tuberculide of the skin. After Gil- 
christ and Stokes’s cases, other cases 
of blastomycosis due to an identical 
or similar organism have been 
described by Hyde, Oppenheim, 

Ricketts, and others. Ricketts con- 
sidered these fungi to be species of 
Oidium, and proposed the name 
' oidiomycosis ’ to indicate the 
disease produced by them. 

C. dermatitidis in the affected tis- 
sues has the appearance of a typical Fig. Cryptococcus ^ dermati- 

yeast — i.e,, large globular cells, 10 Gilchkisi and Stokds. 

to 16 // in diameter, reproducing (After Gilchrist.) 

by budding. In cultures, which are 

white, besides these globular elements, rudimentary mycelial tubes 
may occasionally be found, presenting lateral or terminal conidia; 
asci are absent. The fungus does not ferment sugars, and there 
is no formation of a pellicle. Gelatine not liquefied. 

Cryptococcus hominis Vuillemin, 1901. 

Synonyms. — Saccharomyces (sp. ?) Busse, 1894; Atelosaccharo- 
myces husse-huschki de Beurmann and Gougerot, Atelosaccharo- 

myces rudeli de Beurmann and Gougerot, 1911. 
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Found in abscesses in a woman by Busse. In the pus the fungus 
presented itself in the shape of oval bodies, with a membrane 
having a double contour. These elements were arranged in groups, 
each group embedded in an amorphous substance and surrounded 
by a capsuk'. C ulturally the fungus showed only roundish budding 
forms, no mycelium, no asci. Growth on solid media generally 
white. Gelatine not liquefied. Glucose fermented. Pathogenic 
to rabbits, white mice, and dogs. 


Cryptococeus linguffi-pilossD Lucet, 1901. 


Synonym.- -.Sacc/iaromyces linguce-piloscB Lucet, 1901. 

Found by Lucet and others in cases of so-called ‘ black tongue.' It appears 
on the surface of the hypertrophied ligual papillae in the shape of roundish 
lx)dies, witli double contour, 3 to 6 fi in diameter. Grows easily on sugar 

media. Often produces pellicle in sugar 
media. Glucose and levulose fermented. 
Attempts to reproduce the disease have 
failed. Guegen and Th^on believe that 
this fungus becomes pathogenic only when 
associated with Nocar dia lingualis. 

The condition known under the name of 
‘ lingua nigra ' is caused in addition to the 
above fungus, in some cases by Rhizopus 
niger, in other cases by Nocar dia lingualis. 

Cryptococcus plimmeri Constantin, 1901. 



Fkc Cry pliH'occus lingucc- Found by I’limmer in many cases of 

piloscc Luckt, cancer; is probably only a saprophyte. In 

(After Lucet. from Brumpl.) ^^e tissues roundish bodies of various sizes, 
^ ' 4 to 40 in diameter, are seen, occasionally 

budding, and either free or intracellular. 
Cultivation has siucca'cled only on one occasion, when it was found that it 
])rodiiccd a whiter growth on agar and other media. Action on gelatine and 
other sugars ha. V(‘ not been invc'stigated. Crypiococcus plimmeri, according to 
some authors, has Ikhmi applital to cellular changes. 


Cryptococcus degenerans Vuillcmin, 1896. 

Synonym, — Blastomyces vitrosimilc degenerans Konceili, 189O. 

I'ouiid by l<oncalj and (jthers in malignant tumours, sarcomata, and car- 
ciiiom.ita. h.asily grown; on potatoes it attains a much larger size than on 
any other medium; on gelatine growtli greyish-yellow. Sugar reactions 
sc^aicely known. Does ikA ferment saccharose, but nothing definite known 
about otluT sugars. Pathogenic for guinea-pigs. 

Cryptococcus corsellii Neveu-Lemaire, 1908. 

houiul by Corselli and ITisco in a sarcoma of the mesenteric glands. The 
fun^giis appeared m the tumours under the shape of black masses. It was 
Cc^il> cultivated, and hmnd pathogenic to guinea-pigs, rabbits, and dogs. 
Sugar reactions unknown. ox© 50. 


Cryptococcus hessleri Rcttger, 1904. 

Synonym,- AD.s/owyros hessleri Kettgcr, 1904. 

Isolated by liessler from a small tumour which developed on a patient 
^ cultivated, especially on alkaline media. Patho- 
g .1 c for the labbit and guinea-pig. Sugar reactions unknown. 
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Cryptococcus brewerl Verdun, 1912. 

SyilonyiU*^ A.t 6 los(icchciYOfnyc 6 s bvcwsvi Verdun, 1912. 

tound by Brewer and Wood in an abscess of the vertebral column. 

Cryptococcus tonkini Legendre, 191T. 

Synonyin. — Blastomyces /ow/iiwi Legendre, 1911, 

Found by Legendre in two cases of blastomycosis in Indo-China. Pinoy 
considers that the characters given are not sufficient to create a new species 
for it. 

Cryptococcus sulfureus Beauverie and Lesieiir, 1912. 

Found by Beauverie and Lesieur in certain pharyngeal lesions of a case of 
typhoid. Ferments slightly dextrose, saccharose, and lactose. 

Cryptococcus lesieuri Beauverie and Lesieur, 1912. 

Found in a case of stomatitis. Ferments dextrose only. 

Cryptococcus salmoneus Sartory, 1911. 

Described by Sartory. Found in human gastric juice. Growth on usual 
media of a pinkish or reddish colour. Does not ferment any sugar. Slowly 
coagulates milk. 

Cryptococcus guillermondl Beauverie and Lesieur, 1912. 

Found by Guillermond and Lesieur in cases of stomatitis. 

Cellular elements in situ spherical, 10-25 microns; surrounded by large 
mucilaginous capsule. Growth on agar wliite or slightly yellowish. On 
potato scanty growth, white. Gelatine not li(juefied. J.)oes not ferment any 
sugar. 

Cryptococcus harteri de Beurniann and Gougerot, 1913. 

Synonym. — Atelosaccharomyces harteri dc Beumiann and Gougerot, 

1913. 

Cells oval, 4-6 and 3-5 microns, (xrowth on sugar media and 
gelatine, which is not liquetied white. Does not ferment any 
sugar. Found by Harter in a case of systemic blastomycosis. 

Cryptococcus hudelo de Beurmann and Gougerot, 1914. 

Cellular elements in situ mostly spherical, 2-20 microns; at times oval, 
easily giamn. Colonics white; gelatine not liquefied. Growth on potato at 
first white, later yellow, and finally reddish or blackish. Found by Hudelo, 
Duval, and Loederich in a case of periostitis. 

Cryptococcus membranogenes Steinhouse, 1916. 

Cellular elements roundish, 7-8 microns in aiameter, with very distinct 
double contour. Surrounded by a thick capsule. Easily grown on all the 
usual culture media. Colonies white. Gelatine not liquefied. Ferments 
with gas production glucose but not maltose, lactose, or saccharose. Action 
on other sugars not known. Very pathogenic for rabbits. 

Found by Steinhouse in 191b in a case of scarlet fever showing symptoms 
of tracheal obstruction. 

Cryptococcus epidermidis Castellani, 1914. 

Found by Castellani in saccharoinycosis epidermica. Cells of very variable 
size. Has not yet been cultivated. 
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Cryptoeoccuft nlger Vuillemin. 

Found by Maffucci and Sirleo, in 1895, in a pulmonary myxoma of a 
guinea-pig. Cells in situ round or ovoid, with thick mucilaginous mem- 
brane. White on most media; on potato brown or black. Gelatine not 
liquefied. Said to ferment maltose. Nothing known about other sugars. 

Cryptoooccus lithogenes San Felice. 

Synonym. — Saccharomyces lithogenes San Felice. 

Found by San Felice in the lymphatic glands of an ox. Roundish cells 
with a membrane which is at times calcified. Growths whitish on most 
media, dark brownish after a time on potato. Gelatine not liquefied. 

Cryptococcus granule matogenes (San Felice). 

Synonym, — Sacchavomyces granulomatogcnes San Felice. 

Isolated from the lung of a hog by San Felice. It grows easily on ordinary 
laboratory media, producing white colonies. It does not liquefy gelatine, but 
it produces slight rose-red pigment on slices of pear and on honey. 

Cryptococcus farciminosus (Rivolta and Micellone, 1883). 

Synonyms.— Crypto coccus tokishigei Vuillemin ; Lymphosporidium 
cqui Gasperini, 1908; Leucocytozoon piroplasmoides Ducloux, 1908. 

Definition. — Vegetative cells in situ, oval or roundish, with well- • 
marked double contour. 

Remarks. — It is often included in hypertrophied endothelial cells 
and in leucocytes in the lesions in horses suffering from lymphan- 
gitis epizootica in Europe, Africa, Asia, and America. 

Cultivation. — It is of difficult cultivation. Negre and Boquet 
have used witli success a medium made of agar and dried horse-dung. 
Sugar reactions arc unknown. 

Cryptococcus capsulatus (Darling, 1906). 

Synonym. — Histoplasma capsulatum Darling, 1906. 

Definition. — ^In the affected tissue the parasite appears in round 
or oval form, measuring 1-4 microns in diameter, and enclosed in an 
achromatic ref rac tile capsule. Cultivation so far negative. 

Remarks. — It was found by Darling in the endothelial cells of 
capillaries and small bloodvessels in the lungs, spleen, liver, intes- 
tines, and lymph glands, as well as in the leucocytes. It was con-# 
sidered by Darling and others to be a protozoon, and for it the 
genus Histoplasma was created. At present there is a consensus 
of opinion that it is a Cryptococcus. 

Pathogenicity. — It is pathogenic for man, causing disseminated, 
hyaline, pseudogranulomata in the lungs, splenomegaly, necrotic 
areas in the liver, and ulceration of the small and large intestines. 

Cryptococcus ruber Demne, 1889. 

Synonym. — Saccharomyces ruber Demne, 1889. 

This organism was found in the stools of children suffering from 
enteritis and also in certain specimens of milk. 

It grows easily on ordinary laboratory media, producing red 
colonies. According to Casagrandi, it does not ferment any sugar. 



PITYROSPORUM 


1077 


Cryptococcus myrmecise Chalmers and Christopherson, 1914. 

Cryptococcus measuring i •4-2*1 microns in diameter, found in a 
case of murmekiasmosis amphilaphes in the Anglo-Egyptian Sudan. 

All attempts at cultivation on a large scries of media under aerobic 
and anaerobic conditions at 20°, 37°, and 40° C. failed, as did inocula- 
tions into monkeys and dogs. It was named because of its associa- 
tion with the peculiar disease called murmekiasmosis, but evidence, 
was wanting that it was the causal organism, although its associa- 
tion was intimate. 


Genus Pityrosporum Sabouraud, 1895. 

Synonym. — Dermatophyton Dodd, 1910. 

Definition. — -Cryptococcaceae without well-developed double con- 
tour. 

Type Pityrosporum ovale (Bizzozzero, 1882). 

Remarks and Classification.— This genus, which is difficult to 
classify, is allied in appearance, in some forms, to a budding yeast, 
and as such comes close to Cryptococcus. No species has so far 
been cultivated (Dodd claims to have cultivated P. malassezi), 
but two are known — -viz. : P. ovale Bizzozzero, 1882 (synonyms, Sac- 
charomyces oapillitii Oudemans and Pekelharing, 1885 ; S. sphcericus 
Bizzozzero, 1884 ; 5 . ovalis Bizzozzero, 1889 ; Pityrosporum malas- 
sezi Sabouraud, 1895, often called the bottle bacillus of Malassez, in 
cases of pityriasis simplex capitis and pityriasis alba in Europe) 
and P. cantliei (Castellani, 1908) in cases of seborrhoea capitis in 
children in Ceylon. 

They may be distinguished as follows : — 

A. Flask-shaped or oval, 3 to 15 microns, but usually small — Ovale. 

B. Generally roundish, 5 to 16 microns, but usually large — Cantliei. 


Fig. 



560 . — Pityrosporum ovale 
Bizzozzero. 


Fig. S6i .—Pityrosporum ovale 
Bizzozzero. 


(After Sabouraud.) 


Pityrosporum ovale (Bizzozzero, 1882) . 

Synonyms. — Saccharomyces ovalis Bizzozzero, 1882 ; Pityrosporum 
maXassezi Sabouraud, 1895* Usual term : bottle bacillus of Malassez. 

This organism was first described by Bizzozzero, who considered 
it to be a Saccharomyces. Malassez and Sabouraud associated this 
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organism with the aetiology of pityriasis simplex capitis and pityria- 
sis alba. 

Its shape somewhat resembles a budding yeast or a flask. The 
size varies greatly; the maximum diameter of some individuals 
may be as much as 10 to 15 but much smaller forms (3 to 5 
are found. 

Pityrosporum cantliei (Castcllani, 1908). 

Synonym,- -Saccharomycei; cantliei Castellani, 1908. 

Somewhat similar to Pityrosporum ovale, but the cells are generally 
roundish and on the average larger. (5 to 16 ill). Probably the cause 
of a variety of seborrhrjea of the scalp occasionally met with in 
children in the tropics. 


'Family 2: Oosporaceai Saccardo, 1886. 

Definition. — Blastosporineae in which the hyphse may be long or 
little different from the spores, which are typically in chains. 

Classification. — This family is divided into several genera — e.g. 
Odspora Wallroth, 1833; Monilia Vevsoon, Tycfy] and Oidium Link, 
1809, which maj^ be distinguished as follows: — 

A. Hyphac thin, short, simple, or nearly simple, terminating in chains 

of Spores — Odspora. 

B. Hyj‘)ha3 not thin, often long and branched: — 

I. Sporophores simple or subsimple, typically with disjunction 

apparatus. Glucose completely fermented, gas being pro- 
duced. Numerous budding forms in cultures — Monilia. 

II, Sporophores simple, septate often with disjunction apparatus. 

Glucose not completely fermented, gas not being produced. 

Budding forms rare in cultures — Oidium. 

d'hese genera may now be briefly described. 

Genus Odspora Wallroth, 1833. 

Definition. — Odsporaceae with a lax or compact mycelium in 
which the hyphae are slender, septate, and marked by differentiated 
nuclei. The fertile hyphse are short, slender, and nearly simple. 
The conidia, which are globose or ovoidal, hyaline or brightly 
coloured, are arranged regularly in chains. 

Remarks. — Saccardo in his ‘ Sylloge Fungorum ' recognizes a 
large number of species as belonging to this genus, and these are 
grouped into sections by the var^dng colour of the conidia. 

The only species known to cause disease in animals referable to 
this genus is Odspora canina Sabrazes, 1893, which causes favus in 
dogs, and which can produce an eruption resembling ringworm 
when inoculated into man. According to Sabouraud, however, it 
has never been known to cause disease in man spontaneously {i.e., 
without experimental inoculation), and is therefore of little import- 
ance at present. 

Vuillemin considers that A chorion schoenleini Lebert, 1845, the 
fungus of favus of human origin, belongs to this genus. 
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Genus Monilia Persoon, 1797. 

Definition.— Vague . 

Original Definition.— aui effusa byssoidea, Fila monili- 
formis articulata. 

Botanical Definition.- — S]X)ropliorcs simple or subsiinplc, producing 
by constriction at their cxtremiUes a chain oi large lemon-shaped 
conidia, often provided with a disjunction apparatus. 

Usual Definition.^ Oosporacea; possessing in situ budding forms 
and mycelial threads, which latter are often long and branched; in 
cultures mostly budding forms, but sometimes filaments, in which 
thailospores of the blastospore tTrpe are formed . Cducose and of+en 
other carbohydrate media fermented with the production of gas. 



Fig. 562. — Monilia tropi- Fig. 563. — Monilia intestinalis Castel- 
calis Castellani. Fresh lani. Preparation from Glucose 

Preparation FROM Sputum. Agar Culture. 


Nomenclature.“A few words are necessary with regard to the 
nomenclature and the synonyms, as the greatest confusion has 
existed with regard to this genus. The first description of the genus 
Monilia, as we understand it, was given by Persoon as ‘ Stipitata, aut 
effusa byssoidea, Fila moniliformias articulata,' and the first date 
given by Saccardo 1797, though the earliest we have found is in his 
book of 1801. The name is derived from monile, a necklace. 
Link’s description in Gmelin’s thirteenth edition (really the four- 
teenth edition) of Linnaeus’s ‘ Systema Natura,’ 1791, refers, it is 
true, to Monilia aurea (Link, 1791), but it was described as Oidium 
aureum Link, 1791. The other synonyms do not require explana- 
tion. 

Wc have not included the genus Zymonema de Beurmann and 
Gougerot, 1909, in the synonyms because Z, gilchristi, the cause of 
American blastomycosis, more usually called Cryptococcus gilchristi^ 
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is said to have lateral as well as terminal conidia, and is classified 
here as a cryptococcus. 

The genus ' Parasaccharontyces ' de Beurmann and Gougerot, 
1909, with its species Par asaccharomyces harteri Verdun, 1912, found 
in a case of enteritis with hepatic, bronchial, and cutaneous lesions, 
has not men'ly yeast-like forms, but septate hyphae, but it is not 
known wJiellicr it develops terminal conidia in chains, and there- 
fore it may, at present, correctly be placed in the genus Crypto- 
coccus until more is known about it; and the same remarks apply, 
we think, to Par endomyces Querat and Laroche, 1909. 



Ing- 3^5* ^'ig- 5^^- 


Fn;. 364. — Monilia zeylanica Castellani. Glucose Agar Culture. 

Fig. 5()5. — Monilia bronchialis Castellani. Glucose Agar Culture. 

l^iG. yyO.— Monilia nivea C.\stellani. Glucose Agar Culture. 

Remarks.— A number of species belonging to this genus are 
known to e.Kist in nature growing on decomposing wood, dead leaves, 
and fruits. 

The number of species known to infect man has been considerably 
extended during recent years by Castellani. The Monilias are of 
importance in that they are considered to be the aetiological agents 
of thrush, bronchomycosis (pro parte), some derm atomy coses, and, 
according to certain authors, of sprue. 

Type Species. — It is difficult to know which is really the type 
species of this genus, but probably it is Monilia aurea (Link, 1791). 
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Geographical Distribution —Possibly world wide. 

Biological Characters.— Some species clot milk,* others have no 
action on this medium; some species liquefy gelatine and serum. 
Certain fungi of this genus, when growing on serum, produce a 
peculiar zone of brownish or black discoloration oi the medium all 
round the growth using the serum of Bos indicus. The bio- 
chemical properties and sugar reactions vary from species to 
species. Rabbits can be immunized for these fungi, and attempts 
to use the immunization and agglutination reactions in the differ- 
entiation of the various species have been made with only partial 
success, as there is a large production of co-agglutinins in addition 
to the specific ones for very different fungi — e.g., fungi of the genus 
Sporotrichum. 

Pathogenicity. — ^Fungi of this genus are the aetiological agents of 
thrush, some types of bronchomycoses, and some derm atomy coses. 

Classification. — There has been and there is still a great deal of 
confusion in the classification of such fungi. Many of the species of 
this genus can hardly be distinguished by purely morphological and 
botanical characters. We are of opinion that the classification 
should be based, not only on morphological data, but also on bio- 
chemical characters and immunization phenomena. Among the 
biochemical properties, the most important are the actions on milk, 
gelatine, serum, and on sugar broths. A large number of sugars 
should be used in the same manner as is done in the classification 
of the various species of intestinal bacteria. It is to be noted that 
the reactions with certain sugars are constant, while with others 
(for instance, mannitc) these may vary; and the fermentative power 
on certain sugars — e.g., galactose — may be rapidly lost. Hence 
species should be compared only in strains recently isolated. It is 
to be noted also that in analogy to intestinal bacteria, a species 
may be trained to ferment certain sugars on which it did not act 
when recently isolated. 

While taking all this into account, we believe the investigation 
of the various biochemical reactions to be of great value for classify- 
ing these fungi, and for this purpose give the table on pp. 1082, 10^3. 

Determination of Species. — By means of the sugar reactions 
it is possible to divide the species of Monilia into groups by the use 
of the following carbohydrates — viz., glucose, levulose, maltose, 
galactose, saccharose, inulin, and dextrin. When the Monilia is 
classified into its group it is easy, by means of the table on 
pp. 1082, 1083, to make the specific determination: — 

A. Gas produced in glucose only — Group I., Balcanica group: — M. hah 

canica, M. parabalcanica, 

B. Gas produced in glucose and levulose — Group II., Krusei group: — 

M, krusei, M. parakrusei. 

C. Gas produced in glucose, levulose, and maltose — Group III., Pinoyi 

group: — M. pinoyi, M. naharroi. 

D. Gas produced in glucose, levulose, maltose, and galactose — Group IV., 

Metalondinensis group: — M. mcialondi.icr.sist M. pseudometalon- 

dinensis. 
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Genus Monilia. 

Litmus 
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Glu- 
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M. alba Ca.stcllani . . 

AC 

AG 

AG 

AG 

AG 

A 

O 

0 

0 

0 
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A 


Auhrkviations usbu in the Tabuk.— A=acici ; G-gas: C=clot (milk), clear (broth and peptone water) 
CTP = clear at first, then thin pellicle present. D= decolourized. P^peptonized (milk), pellicle (broth)- 

Aik => alkaline. =acid, then alkaline. s=slight ; vs=very slight. 



CIIARACTERS of certain species of monilia with names 

A! TKU FIFTEEN DAYS’ INCUBATION AT 35° C. 
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0=negative result--viz., neither acid nor clot in milk; neither acid nor gas in sugar media; non productioa 
of indol ; non-li^ucfaction of gelatine or serum, as the case may be. 

4- >= positive result, liquefaction of medium. 
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E. Gas produced in glucose, levulose, maltose, galactose, and saccharose — 

Group V., Tropicalis group : — M. tropicalis, M. paratropicalis, 
M, pulmonalis, M. nivea, M. insolita, M. enterica, 

F. Gas produced in glucose, levulose, and saccharose — Group VI., Guiller- 

mondi group: — M, guillermondi, M. pseudoguillermondi. 

H. Gas produced in glucose, levulose, galactose, saccharose, and inulin — 

Group VIL, Chalmersi group; — M. chalniersi, M. parachalmeYsi. 
M . maccdoniensis. 

I. Gas produced in lactose and other carbohydrates — Group VIII., Pseudo- 

tvopicalis group \~M. pseudotropicalis. 

K. Gas produced in dextrin in addition to other sugars — Group IX., 
Pseudolondinensis group : — M. pseudolondinensis. 

A. Species believed to he cetiological factors of disease in man : — 

I. Species found in thrush and allied infections : — 

1. M. aUncans (Robin, 1853). 

2. M. alba (Castcllaiii, 1911). 

M. londinensis (Castellani, 1916). 

4 M. metalondinensis (Castellani, 1916). 

5. M. tropicalis (Castellani, 191O), and most of those found in 
bronchomycosis. 

II. Species found in bronchomycosis : — - 

0. M. tropicalis (Castellani, 1909). 

III. Species found in otomycosis : — 

7. M. rhoi (Castellani, 1909). 

IV. Species found in pinta : — 

8. M. niontoyai Castellani, 1907. 

V. Species found in cases of generalized moniliomycoses : — 

9. M. rosea (Zenoni, 1912). 

B. Species associated with a disease in man : — 

I. A ssociated with bronchomycosis : — 

(a) By their presence in the sputum of cases of bronchomycosis 
[tn alphabetical order ]: — 

1. M. guillermondi (Castellani, 1910). 

2. M. krusei (Castellani, 1909). 

3. M. negrii (Castellani, 1910). 

4. M. nitida (Castellani, 1910). 

5- M. parakrusei (Castellani, 1916). 

(). M. paratropicalis (Castellani, 1912). 

7. M, pinoyi (Castellani, 1910). 

8. M. pseudo-tropicalis (Castellani, 1910). 

(/.►) By their presence in bronchitis 

1. M. chalmersi (Castellani, 1912), 

2. M. parachalmersi (Castellani, 1916). 

3. M. bethaliensis (Pijper, 1918). 

(r) By their presence in human sputum : — 

1. M. balcanica (Castellani, 1916). 

2. M. bronchialis (Castellani, 1910). 

3. M. nabarroi Castellani, 1917. 

4. M. nivea (Castellani, 1910). 

5. M, parabalcanica (Castellani, 1916). 

6. M. pseudo-guillermondi (Castellani, 19 lO). 

7. M. pseudo-londinensis (Castellani, 1916). 

8. M. pulmonalis (Castellani, 1911). 

9. M. zeylanica (Castellani, 1910). 

(d) By their presence in tea-dust : — 

1. M. blanchardi (Castellani, 1912). 

2. M. lustigi (Castellani, 1912). 

3. M. perryi (Castellani, 1912). 



c. 


monilia 

II. Associated with sprue: 

1. M. decolorans Castellani and Low, ign. 

2. M. enterica Castellani, 1911. 

3. M. faecalis Castellani, 1911. 

4. M. insolita Castellani, 1911. 

5. M. intestinalis Castellani, 1911. 
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Species found in vaginal discharge in the tropics and in Europe : 

1. M. balanica (Castellani, 1916). 

2. M. metalondinensis (Castellani. 191(3). 

3. M. naborroi (Castellani, 1917). 

4. M. parabalcanica (Castellani, 191O). 

5. M. pinoyi (Castellani, 1910). 

6. M. tropicalis (Castellani, 1909). 


D. Species found in man, hut not classified : — 

1. M. lactea Castellani, 1913. 

2. M. lacticolor Castellani, 1913. 


A brief description of these species may be given. 


MonUia albicans Robin, 1853. 

Synonyms.- albicans Robin, 1853; Syringospora rohini 
Quinquaud, 1868; Saccharomyces albicans Rees, 1877; Monilia 
albicans Zopf, 1890; Endomyces albicans Vuillemin, 1898. 

One of the fungi giving rise to thrush. Widely different descrip- 
tions have been given of the so-callcd thrush-fungus. Some authori- 
ties (Hewett) state that the organism liquefies gelatine; others affirm 
the reverse. Several writers give it as clotting milk, others as 
having no action on this medium. Castellani has demonstrated 
that man can be affected by numerous different species of Monilia, 
and that the term thrush-fungus 
{Oidium albicans, Endomyces albicans. 

Monilia albicans) has been in the 
past used to cover a number of 
different species, in the same manner 
that the term B. coli was for years 
applied to a multitude of different 
intestinal bacteria, when a few fer- 
mentation tests only were carried 
out. As the species M. albicans 
has to be split into many species, 
we keep the term M. albicans for the species which we are now 
describing, and which clots milk and liquefies gelatine. 

Parasitic Life. — -This fungus forms white patches on the tongue and 
oral mucosa. The patches arc easily detached. A particle of the 
patch examined microscopically shows septate mycelial threads, 
occasionally ramified, with segments straight or somewhat bent, 
and easily dissociated. Each segnient is about 20 pu in length 
and 3 to 5 yu in breadth . At the terminal end of each mycelial thread 
three or four shorter ovoid elements are found, which reproduce by 
budding. Some similar ovoid or roundish globular refringent cells 
may be observed originating laterally at the septations of the myce- 



Fig. 567 .- — Monilia albicans 
Kobin. 



io86 


FUNGI IMPERFECTI 


Hum. These globular elements (conidia) become detached, and 

reproduce by budding. • j c u 

Cultures.— The fungus grows best of all on slightly acid babou- 
raud’s maltose agar or on glucose agar, but grows fairly well also 
on all alkaline media. In cultures the fungus appears under two 
forms — a globular form morphologically similar to a typical yeast, 
and reproducing by budding; a filamentous form, showing mycelial 
threads, simple or ramified. Aset and internal spores, as in the 
genus Endomyces, are absent. On Sabouraud’s and glucose agar 
the growth is abundant, smooth, of a 
creamy- white colour; on ordinary agar the 
growth is less abundant. Gelatine and 
serum are very slowly liquefied. Milk is 
rendered acid," and after a time it clots. 
The sugar reactions arc given in the table. 

Pathogenicity.— Tlf. albicans is one of the 
fungi which gives rise to thrush. This 
condition may be due to several different 
fungi — M. albicans, Endomyces vuillemini, 
M. tropicalis, etc. (p. 1741) . Thrush is gene- 
rally restricted to the oral mucosa, but in cer- 
tain cases it may spread to the oesophagus, 
stomach, intestine. M. a’bicans has been 
found also in a few cases of bronchomycosis. 

Monilia tropicalis (Castellani, 1909). 
Synonym. — Endomyces tropicalis Castcl- 
lani, 1909. 

Found by Castellani in Ceylon in many 
cast's of bronchomycosis. In the expectora- 
tion round or oval shape yeast-like cells 
are seen, and at times segments of myce- 
lium. Cultures are easily obtained on 
vSabouraud’s or glucose agar, and even 
on ordinary agar. It grows more abund- 
antly on slightly acid than on alkaline 
Fig. 56S.~-Monilia fropi niedia. On Sabouraud’s and glucose agar 
calis Castellani. the growth is abundant, creamy white, with 
a smooth surface when young; often 
slightly crinkled wh(m old The growth is composed practically 
of only globular yeast-like cells, while in the water of condensa- 
tion globular cells and mycelium may be found together. A little 
mycelium may be found, liowever, occasionally in the growth on 
the slope. Ascus formations are absent. Gelatine and serum 
are not liquefu'd; tlu'rc' is no brownish discoloration of the serum, 
as is the case with some othc'.r species of Monilia (M . insolita, etc.). 
Litmus milk is generally rendered acM, but is not clotted. The 
sugar reactions will be found in the table on pp. 1082, 10(83. It 
produces acid and gas in glucose, levulose, maltose, and also, in less 
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amount, in galactose and ^ccharose. After some transplantations 
it ^iten loses its fermentative power on galactose and saccharose. 

PataOgeiiiclty. -Is the commonest cause of a type of bronchomy- 
cosis (see Bronchomoniliasis, p. 1886). In Ceylon it has been found 
by Castellani also in a few cases of thrush, and in a case of pseudo- 
diphtheria which terminated fatally. This case was a little native girl , 
who developed white patches on the tonsils, uvula, and soft palatjc. 
The microscopical examination revealed absence of B. diphtherice and 
presence of M. tropicalis. Symptoms of broncho-pneumonia soon 
developed, and the child died. At the autopsy the fungus was found 
in enormous amount in the bronchi ; it was pathogenic for guinea-pigs . 

Monilia paratropicalis (Castellani, 1909). 

Synonym. — Endomyces paratropicalis Castellani, 1910. 

Found in some cases of bronchomycosis by Castellani. Micro- 
scopically and on Sabouraud’s and glucose agars identical with M. 
tropicalis. Does not coagulate milk. Differs from the typical 
M. tropicalis by producing acid and gas in very large amount in 
saccharose and in rendering dextrin acid (see table). 

The same fungus, or a very similar one, was found in two cases 
of blastomycosis of the skin in Ceylon. 

Monilia pseudo-tropicalis (Castellani, 1910). 

Synonym.— pseudo-tropicalis Castellani, 1910. 

Found by Castellani in a few cases of bronchomycosis. Differs 
from M . tropicalis and M. paratropicalis by clotting milk and fer- 
menting lactose with the production of gas. For the sugar re- 
actions see table. 

Monilia metatropicalis Castellani, 1916. 

Dillers from M. tropicalis in clotting milk 

Monilia bronchialis (Castellani, 1910). 

Synonym . bronchialis Castellani, 1910. 

Found in sputum. Colonies white. Has no action on milk, 
gelatine, scrum. Sugar reactions arc found in the table. 

Monilia chalmersi Castellani, 1912. 

Found by Castellani in a case of bronchitis. Colonies of white 
colour. Renders the milk first slightly acid, then alkaline. Does 
not liquefy cither gelatine or scrum. Sugar reactions are collected 
in the table. 


Monilia parachalmersi (Castelhini, 1917). 

Differs from M. chalmersi in slowly liquefying gelatine and in 
other minor characters. Found in sputum. 

Monilia macedoniensis Castellani, 1917. 

Found in sputum. Clots milk. Belongs to the Chalmersi group. 
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Monilia gnillermondi (Castellani, 1910). 

SynoAym. — Endomyces guillermondi Castellani, 1910. ^ 

Observed in sputum once by Castellani. Milk is rendered 
alkaline. Serum and gelatine are not liquefied. For sugar re- 
actions see table. 

Monilia pseudo-guillermondi Castellani, 1916. 

Clots milk. 

Monilia nivea (Castellani, 19T0). 

Synonym.^ — Endomyces niveus Castellani. 

Found in a sample of sputum which had not been collected in a 
sterile vessel. Of doubtful pathogenicity. For cultural and bio- 
chemical characters see table. 

Monilia nitida (Castellani, 1910). 

Synonym.—Endomyces nitidus Castellani, 1910. 

Observed in a sample of sputum by Castellani. Of doubtful 
pathogenicity. Milk is rendered first acid, then decolourized and 
clotted. Other cultural characters are found in the table. 

Monilia zeylanica (Castellani, 1910). 

Synonym. — Endomyces zeylanicus Castellani, 1910. 

Found in sputum by Castellani. Growth on glucose agar of a 
yellowish colour. Milk is rendered very acid and is slowly clotted, 
iaelatine and serum are not liquefied. Does not produce gas in 
any carbohydrate, with the doubtful exception of raffinose. 

Monilia krusei (Castellani, 1909). 

Synonyms. — Saccharomyces krusei Castellani, Endomyces krusei 
Castellani. 

Found in sputum by Castellani. In sputum it appeared as a 
saccharomyces, and in cultures had all the characters of a saccharo- 
myces at first, except that no asci were observed; after several 
generations a little mycelium was present on Sabouraud’s agar. 
The sugar reactions are found in the table. It produces acid and 
gas in glucose and levulose. Its reactions remain constant after 

ten years. Monilia pinoyi (Castellani, 1910). 

Synonym. — Endomyces pinoyi Castellani, 1910. 

Found in sputum. Grows well on Sabouraud’s and glucose agar, 
and other sugar media; also on ordinary agar, though less abun- 
dantly. Does not clot milk; does not liquefy either gelatine or 
serum. Produces acid and gas in glucose, levulose, maltose. 

Monilia enterica (Castellani, 1911). 

Synonyisiit —Endomyces entericus Castellani; Monilia psilosis 
Ashford] Par asaccharomyces ashfordi Anderson, 1916. 

Found in stools by Castellani. Milk is rendered alkaline. 
Gelatine and serum are not liquefied. For sugar reactions see table. 



monilia 


1089 


Monllia fsecalis (Castellani, 19T1). 

Synonym. — Endomyces fcecalis Castellani, 1911. 

Found in intestinal contents by Castellani. Milk is rendered 
first acid, then decolourized, and, later, slightly peptonized. Gela- 
tine is not liquefied ; serum is not hquefied, but a brownish pigmenta- 
tion develops on the medium all round the growth. For sugar re- 
actions see the table (p. 1082). 

Monilia insolita (Castellani, 1911). 

Synonym. — Endomyces insolitus Castellani, 1911. 

Found in stools and in the saliva. The milk is rendered first 
slightly acid, then alkaline. On serum a zone of dark pigmentation 
develops on the surface of the medium round the growth. The 
medium is not liquefied. For other cultural characters see the 
table. 

Monilia Intestinalis (Castellani, 1911). 

Synonym. — Endomyces intestinalis Castellani, 1911. 

Found in stools and saliva by Castellani. Colonies on solid 
media white. Milk first rendered acid, then slowly decolourized. 
The growth on serum is not surrounded by a zone of dark pigmenta- 
tion. Further cultural characters arc found in the table (p. 1082). 

Monilia alba (Castellani, 1911). 

Clots milk. Produces acid and gas in glucose, levulose, maltose, 
galactose, and acid only in saccharose. Does not liquefy gelatine 
or serum. 

Monilia rhoi (Castellani, 1909). 

Synonym— Endomyces rhoi Castellani, 1909. 

Found by Castellani in Ceylon in several cases of otomycosis, 
and once in a sample of tea. In the ear the fungus forms a whitish 



Fig. 569. — Monilia rhoi Castellani. 

(From a fresh preparation. The free spores are not shown.] 

69 
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mass (generally embedded in wax), in which numerous long, septate 
mycelial threads, 2 to 3*5 breadth, and numerous roundish 

free spores, 3-5 to 5 a in diameter, are seen. On laboratory media 
it generally grows, showing a yeast-like type. Does not clot milk; 
does not liquc'fy gelatine and scrum. The sugar reactions are quoted 
in the table (j). im82). 

In the case's of otomycosis the mycelium was abundant, the 
mycelial threads being very long and septate. 3 to 4 in breadth; 
very nuiiK'rous free, round spores, 4 to 5 in diameter, were present. 
For ('iiltiiral cliaracters see table. 

Monilia burgessi (Castellani, i()i2). 

Synonym. — lindomyccs hurgessi Castellani, 1911. 

Isolated from tlie air. (in^ws abundantly on the usual sugar 
media, thv growth being of a whit(' creamy aj)pearan('e. Does not 
render acid or coagulate milk. Does not liquefy serum or gelatine. 
On serum it ])rodii(:(\s a zone' of peculiar brownish or black dis- 
coloration in tlie medium all round the growth. The sugar re- 
actions are found in the table. 

Monilia pulmonalis Castellani, 1911. 

Found by ('astellani in sputum and also in samples of tea. For 
cultural characters see table (p. iO(S2). 

Monilia lustigi Castellani, 1912. 

Found in sam])les of tea. Grows well on all sugar media and 
also on ordinary agar, the growth being of a snow-white colour. 
Keiiders litmus milk slightly acid, and then decolourizes it com- 
p'ctely. Does not liquefy serum or gelatine. On serum it induces 
a narrow zom' of black discoloration all round the growth. The 
sugar reactions are found in the table (p. iO(S2). 

Monilia balcanica Castellani, 1916. 

Found in sputum and also in a case of dermatitis, of which it was 
not the cause. Produces gas in glucose only. Levulose often 
rendered acid (see tabh*)- 

Monilia parabalcanica Castellani, ipiO. 

Differs from M. halcanica in clotting milk. 

Monilia perryi Castellani, 1912. 

Found by Castellani in samples of tea-dust. The cultural 
characters and chemical properties arc seen in the table. 

Monilia nabarroi Castellani, 1917. 

Clo^s milk and produce's gas in glucose, levulose, and maltose. 
Found in sputum. An identical or very similar variety has been 
found in vaginal mucus by Castellani and Taylor. 
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Monilia blanchardi (Castellani. 1912). 

Synonym.— Endomyces hlanchardi Castellani 1912 
Isolated from tea-dust by Castellani. Grows abundantly on 
maltose glucose, and other sugar media; also on ordinary agar, 
though less vigorously. Ihe growth is of a white colour and 
smooth surface. Milk rendered at first very slightly acid, and then 
alkaline. No liquefaction of gelatine or serum. Does not produce 
gas in any sugar except, in small quantity, in glucose. 


Monilia bethaliensis Pijper, 1918. 

Lound by Pijper in a case of bronchitis. Ferments glucose and 
maltose with production of gas. Action on levulose not known. 
Gelatine not licpiefied, milk not clotted. 


Monilia rosea (Zenoni, 1912). 

Synonym. — Oidium roscum non liquefaoiens Zenoni, 1912. 

The cultures on Sabouraud’s and other sugar media are of a pinkish colour. 
Neither scrum nor gelatine are liquefied. 

Pathogenicity. — Was isolated by Zenoni in a peculiar case of hepatitis with 
fever and jaundice which ended fatally. Microscopically conidia and myce- 
lial filaments could be seen very abundant in and about the smaller hepatic 
bloodvessels and the bile-ducts. The fungus is pathogenic to rabbits, guinea- 
pigs, and white rats. 


Monilia subtilis (Blanchard, 1895). 

Synonyms. — ^Hdium subtile cutis Babds, 1895: Mycodevma subtile Verdun, 
1912. 

Found by Bab^s in some ulcers on which the fungus produced white mem- 
branes. The mycelial threads were thinner than in most species of Monilia. 
There was dichotomous branching, and at the extremities of the mycelial 
threads ovoid conidia were present. Biochemical properties of the fungus 
not known. Pathogenic for the rabbit. 

The same, or a very similar, fungus was later found by Clozel, de Boyer, 
and d'Antin in a peculiar pustular affection observed in cachectic children. 

Monilia pulmonea (Bennett, 1842). 

Synonyms. — Oidium pulmoneum Bennett, 1842; Obspova pulmonea Sac- 
cardo, 1886; Mycodevma pulmoneum Vuillcmin, 1891. 

The organisni was found in a case of pneumothorax by Bennett in 1842. 
it was observed again by Vuillcmin in the sputum of a tubercular patient in 
1891, and in an ulcerative dermatitis by Balzer, Burnier, and Gougerot in 
1910, It grows under two types — a saccharomyces-like and a filamentous 
type. Colonics on glucose agar white. Biochemical reactions not given. 

Monilia Candida (Bonorden, 1851). 

Synonym. — M. bonordeni Vuillcmin. 

Commonly found vegetating in decomposing vegetable matter ; occasionally 
seen parasitic in Mammalia, giving rise to white patches on the tongue and 
buccal mucosa, somewhat similar to human thrush. Once found in a child in 
some white patches present on the tongue. Mycelium elements easily disso- 
ciated. Yeast-like conidial elements. Pellicles in fluid sugar media. Ferments 
glucose and saccharose, and, according to Bau, dextrin. Its action on other 
carbohydrates and gelatine has not been recorded. Mycelial tubes tliinner 
than in most Monilias (i to /z in breadth) ; conidia roundish, smooth, 7 to S fa 
in diameter. Biochemical actions of the fungus have not yet been investigated 
completely. Found in cow-dung, on which it forms white membranes. 
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Monllia kochi (von Wettstein, 1885). 

Synonym. — Rhodomyces erubescens Aster, 1900. 

Morphologically similar to M. Candida ; grows well on sugar media, where 
it produces pinkish colonies; was observed by Wettstein in a case of chronic- 
acid dyspepsia. Biochemical properties not studied. 


Monilia montoyai (Castellani, 1907). 

Synonym. — Monilia pictor Neveu-Lemairc, 19^18. 

Discovered by Montoya in cases of white pinta. Some fertile hyphae are 
much thicker than others; the spores are large, globular (5 to 7 //), and 

contain a large nucleus. Grows 
/fflv sugar media, giving rise to 

" white creamy colonies which rapidly 
V fuse together. Biochemical proper- 

4 j fungus not known. 

Monilia cutanea (de Beurmann, Gou- 
gerot, and Vaucher, 1909). 

Synonyms. — Oidium cutaneum de 
Beurmann, Gougerot, and Vaucher, 
1909; My coderma cutaneum Verdun, 
1912. 

Isolated by de Beurmann, Gou- 
gerot. and Vaucher from a case 
showing a peculiar gummatous con- 
dition clinically resembling sporotri- 
chosis or syphilis. The fungus, on 
certain media (glycerine agar), vege- 
tates as a saccharomyces and ferments glucose; on other media (agar) myce- 
lium and yeast-like cells are present, and the fungus does not ferment glucose 
any longtir. On glucose agar the growth is white-yellowish, mammillary, 
with a radiating aureola. The fungus, unless injected in massive doses, is 
not very pathogenic to the rabbit, guinea-pig, and rat. Intraperitoneal 
injections of rather large doses induce in these animals a nodular peritonitis. 



Fig. 570. — Monilia montoyai. 
(After Montoya y Florez.) 


Monilia caoi Verdun, 1912. 

Found by Cao in the sputum of a tubercular patient in association with 
the tubercular bacillus. Yellowish colonies on ordinary agar. Pathogenic 
to rabbits. Biochemical reactions not given. 


Monilia harteri Verdun, 1912. 

Synonym. — Parasaccharomyces sp. (?) de Beurmann and Gougerot. 

Found by Harter in a case of enteritis which later developed hepatic, 
bronchial, and cutaneous lesions, due to the same fungus. On maltose agar 
and carrots the colonies are cream- white, and ycast-like cells only are generally 
found. In Kaulin’s liquid mycelial threads are present, septated, 2 in 
breadth. The fungus does not liquefy gelatine, does not coagulate milk; 
produces slight acidity, but not gas, in saccharose. 


Monilia perieri Matruchot and Antoine, 1917. 

Synonym. — Oospora perieri Matruchot and Antoine. 

Found in a case of thrush of a wound. Biochemical reactions not 
given. 


Monilia parakrusei Castellani, 1912. 

Differs from M . krmei in clotting milk. Found by Castellani in 
sputum. 
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Gsnus Oldium Link, i8og, emdnduvit Pinoy. 

DeflnUlon.-^osporaceae with hyphee terminating in chains of 
spores. ^ Hyphse long and branched. Sporophores simple, septate, 
often without disjunction apparatus. Do not produce gas in carbo- 
hydrates. 

Type Species. — Oidium luctis Link, 1809. 

Remarks. — Pinoy has adjusted this genus, so that now it contains 
human parasites, which are: — 

Oidium lactis Link, 1809. 

Oidium rotundutum Castellani, 1911. 

Oidium asteroides Castellani, 1914. 

Oidium matalense Castellani, 1915. 

These fungi may be differentiated as follows 

A. Only produces slight acidity, and only at times, in glucose; cultures 

white — ‘Lactis. 

B. Produce acidity in several carbohydrates: — 

I. No acidity in glucose; culture white and hairy — Matalense. 

II. Acidity in glucose: — 

(a) No acidity in mannitol:— 

Mycelial spores, roundish or oval. Typical colonies con- 
voluted — Rotundaium. 
lb) Acidity in mannitol: — 

Mycelial spores, quadrangular. Typical colonies asteroid 
— A star aides. 



Fig. 571. — Oidium rotundaium Fig. — Oidium asieroides 

Castellani. Fresh Prk- Castellani. Fresh Prepara- 

PARATION. TION. 

Oidium lactis Link, 1809. 

Definition. — -Oidium found in milk, in which it produces acid and 
clot. Grows easily on ordinary culture media, producing white 
colonies. It does not form gas in carbohydrate media, and only 
slight acidity at times in glucose. 
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R6inarks. It was found by Link in milk and recently by 
Linossier in cases of bronchitis. The latter was considered to be 
slightly different and to form a pathogenic race, Oidtufu luctis 
var. A. 


Oidium rotundatum Castellani, iqii. 

Definition— Oidium growing on glucose agar and producing 
crinkled or vermiform yellowish growths. It gives rise to acidity 
in milk, and after a variable time may form a clot, (ielatine is 



Fig- 573 - Fig. 574 - 

Figs. 573 AND 574 . — Oidium rotun- 
datum Castellani. Culture. 


Fig. 575 . — Oidium aster oides 
Castellani. Culture. 


liquefied, but liquefaction may be extremely slow or absent with 
certain strains. For the sugar reactions see the table (p. 1094). It 
forms acid in glucose, leviilose, galactose, maltose, and lactose. 

Remarks.- — ^Found in cases of bronchitis and a very similar or 
identical form in the faeces of cases of sprue and of enteritis. 

Oidium asteroides Castellani, 1914. 

Definition. — Oidium producing colonies with a characteristic 
radiating appearance on glucose agar, from which it derives its 
name. It grows badly or not at all upon inspissated blood serum, 
which it does not liquefy. It turns milk acid and clots it in a 
variable time. No gas is formed in any carbohydrate medium. 
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Remarks. — ^This fungus was isolated from stools in cases of sprue 
and from the sputum in cases of chronic bronchitis. 


Oidium matalense Castellani, 1915. 

Definition.— Oidium producing a white growth 
on glucose agar. It turns milk sometimes slightly 
acid, without the formation of a clot, or it may 
have no effect. Gelatine is not liquefied, nor is 
any gas produced in carbohydrate media. 

Family 3: ENANTiOTHAMNACEiE Chalmers 
and Archibald, 1915. 

Definition.— Blastosporineae with a thallus 
composed of ramifying hyphae, with regular septa, 
which easily disappear, thus dissociating the seg- 
ments, which are 2-2-5 microns broad. The 
conidia are arranged verticillately around the 
septa. 

Remarks.— This family contains only one genus, 
Enantiothamnus Pinoy, 1911. The name is derived 
from a>avTios, ‘ opposite,’ and Odfik^os, ‘ a shrub.’ 


Fig. 576. — Oidium 
matalense Cas* 
TELLANi. Cul- 
ture. 


Genus Enantiothamnus Pinoy, 1911. 

Definition. — l^Aiantiothamnacece with the char- 
acters of the family. 

Remarks. — There is only one species so far 
known, Enantiothamnus hranlti Pinoy, 1911. 


Enantiothamnus braulti Pinoy, 

191 1. 

Definition. — Enant othamnus with oval 
conidia 2-2-5 hy i-i*5 microns. 

Habitat. — Parasitic in man. 

Remarks. — -This fungus was discovered 
by Brault in umbilicated tumours con- 
taining pus, in the gluteal region of an 
Arab in Algiers. 

On Sabouraud’s agar the colonics 
arc white, with a yellowish central 
portion. 

Pathogenicity. — Produces tumours and 
pus in man, and is pathogenic for 
guinea-pigs. 



Fig. 577. — Enantiothamnus 
braulti Pinoy. 

(After Brault and Pinoy.) 


Family 4; Haplographiace,e Saccardo, 1896. 
Definition.— Blastosporineae with hyph» manifest and distinct 
from the conidia, which are usually arranged in chains, or, in para- 
sitic condition in man, in grape-like masses. 
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Remarks. — This family contains the genera Hormodendrum 
Bonorden, 1851, and Malassezia Baillon, 1889, which are recogniz- 
able as follows : — 

All sterile hyphae creeping. Conidia all alike and produced on the hyphae. 
Conidiophores not spirally twisted; hyphae dendroid: — 

A. Conidia in cultures in chains, in parasitic form in masses — Genus 

Hormodendrum Bonorden, 1851. 

B. Conidia in parasitic form in masses. Cultural form unknown — 

Genus Malassezia Baillon, 1889. 


Genus Hormodendrum Bonorden, 1851. 

Definition. — Hapiographiaceai with creeping dendroid sterile 
hyphae and branched conidiophores, bearing conidia all of one kind. 

Remarks. — ^The genus Hormodendrum contains about ten 
species, which are generally parasitic on plants or saprophytic, but 
one is known to occur in man- — -viz., H. fonioynonii. 

Type Species. -Hormodendrum olivacetim (Corda, 1838). The 

name is derived from npfw'i, ‘a chain, ^ and (or (^kySpov), ‘a 

tree.' 


Hormodendrum fontoynonti Langeron, X913. 

Definition.-— Hormodendrum in cultures with sterile hyplue 3 to 
8 microns in diameter, greenish brown in colour, septate with thick 
walls. Sporophores well delined, not swollen at the extremity, 
carrying chains of very caducous spores. In man mycelium broken 
in segments, long and undulating; spores, which are capable of 
budding, arranged in masses. 

Remarks. — Found by Fontoynont and Carougeau in the scales of 
a dermatosis, called ‘ hodi-potsy ' in Madagascar, which is comparable 
to that termed ‘tinea flava’ in other tropical countries. It is 
doubtful whether the fungus is the setiological agent of the 
condition. 

Genus Malassezia Baillon, 1889. 

Definition. — -In man mycelium broken into septate segments, 
with T-shaped or budding extremities. The hyphae carry round or 
oval conidia, which may be solitary or in grape-like masses, and 
may be smooth or with longitudinal, radial, or spiral marks. In 
culture unknown. 

Remarks.— This genus is only known to contain parasites of man. 
The two species may be recognized as follows:— 

L Causing a brown eruption on the white skin— T^., tinea 
versicolor. Lesions very superficial— Species Malas- 
sezia furfur Charles Robin, 1853. 

II. Causing a red eruption on the white skin and a yellow erup- 
tion on the dark skin — d.e,, tinea flava. Deeper lesions — 
Species Malassezia tropica (Castellani, 1905). 
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Malassezia furiur Ch. Robin, 1853. 

Synonyms— Microsporon furfur Ch. Robin, 1853; Sporotrichum . 
furfur Saccardo, 1886; Malassezia furfur Baillon, 1889; Oidium 
furfur Zopf, 1890; 0 . subtile Kotliar, 1892. 

Mycelium abundant, septate, non- ramified ; some mycelial threads 
are much larger than others; the breadth varies between 3 and 4 
The spores are roundish (3 to 5 in diameter), and run into clusters. 

Attempts at cultivation have failed. It is the cause of pityriasis 
versicolor. 

Malassezia tropica Casteilani, 1905. 


Synonym. — Microsporon tropicum Casteilani. 1905. 

Mycelial threads generally th^'ck {3 to 5 /j, wide)! with numcrons 
swellings, constrictions, and other irregularities of shape; spores 



roundish (4 to 5 fi), with a double 
contour; are often collected in 



clusters. The fungus does not 
grow on artificial media. It is 
the cause of tinea flava or pity- 
riasis flava of tropical climates. 


% 





Fig. 580. — Chidosporium mansohi 
Casxellani. 

(From a preparation stained by 
fuchsin.) 


Fig. 581. — Claiosporium mavsohi 
Casxellani. Hanging-drop Cul- 
ture. 


Family 5: Cladosporiace^ Saccardo, 1886. 

Definition. — -Blastosporalcs with hyphae manifest and distinct from 
the conidia, which are either solitary or arranged in short chains. 

Remarks.— We are only concerned with the type genus CAado- 
sporium Link, which may be recognized as follows:- - 

Conidia smooth, not capitate, more or less in chains at first, llyphae 
and conidia uniform. Hyphae not inflated, but decumbent; conidia 
in short chains and finally solitary— Genus Cladosporium Link. i8og 
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Genus Cladosporium Link, i8i6. 

Deflnition.—Cladosporiacese with decumbent hyphae. Conidio- 
phorcs bearing smooth, uniform conidia arranged in short chains or 
solitary. 

Etymology.— The name is derived from kAqSo?, ' a young 
shoot/ 

Remarks.— The type species is Cladosporium herbarium Persoon, 
i8oi, and there are a very large number of species scattered all over 
the world, and commonly found on plants in tropical gardens, from 
whence the spores can easily be conveyed to the human skin, and 
either grow there, causing a lesion, or simply remain sheltered among 
the scales of other lesions, from which they may be grown in 
pure culture, thus giving rise to the impression that they may be 
causal organisms, but the}^ do not agglutinate with the patient’s 
serum . 

They may also grow as contaminations of laboratory media, so 
commonly may their spores be found in the air. The two species 
known in man may be recognized as follows 

Habitat, tinea nigra — ^Species Cladosporium 
mansoni (Castellani, 1908). 

Habitat, ulcerating nodules — Species Clado- 
sporium penicilloides Gueguen, 1911. 

Cladosporium mansoni Castellani, 1905. 

Synonyms. — Microsporon mansoni Castellani, 
1905; Foxia mansoni Castellani, 1908; Clado- 
sporium mansoni Pinoy, 1912. 

The fungus is found very abundantly in the 
lesions of tinea nigra; the mycelial articles are 
rather short — 18 to 20 ^ in length and to 
3^ [JL in breadth; non-ramified. Sometimes they 
may be irregular in outline, bent, banana- 
shaped. The spores are globular, and most of 
them very large — 5 to 10 [i. They are fre- 
quently arranged in clusters. 

The fungus is easily cultivated by inoculating 
scrapings of the affected patches on maltose agar. 
After two to four days roundish hemispheric colonies 
appear, which arc black, but at first have usually a 
greenish tinge, and may present at the periphery some 
radiating, delicate, pale greenish hyphae. These 
colonies may remain separate or more often gradually 
coalesce into a jet-black knobby mass, deeply rooted 
into the medium. 

The fungus grows well, though less abundantly, on the other sugar agars, 
and also on ordinary agar. In broth and peptone-water the growth is very 
slow, and takes place at the botton of the tubes, with formation of a black 
or greenish-black sediment. Gelatine is very slowly liquefied. 



Fig. 582. — Cludospo- 
rium miDtsohi Cas- 
tellani. Young 
Agar Culture. 
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The optimum temperature for the growth of the fungus is between 30® C. and 
32® C.; above 35® C. and under 25® C. the growth is much slower, and may be 
nil under 20® C. 

This fungus is the cause of tinea nigra (p. 2078). 

Cladosporium penicilloides Gueguen, 1911. 

Synonym. --C. MadagascarienseYotidmi, 1913. 

Found by Fontoynont in a patient with some ulcerated nodules 
of the leg in Madagascar. The fungus grows easily on Sabouraud’s 
and other media, giving rise to black cerebriform colonies. In 
hanging-drop cultures shows the typical features of the genus. 

Cladosporium herbarium Persoon has been demonstrated by Nassee to be 
the cause of the black spots so often found on imported frozen meat. 


SUBORDER 2: ARTHROSPORINE^ Vuillemin, 1910. 

Definition.— Thallosporales with yeast-like forms, associated in 
cultures with hyphre and other forms with longer hyphae. Repro- 
duction by means of arthrospores parasitic on man. 

Remarks. — Vuillemin includes in this suborder the genera Tricho- 
phyton, Microsporu n, Achorion, and their allies, although it is more 
usual to consider these to be allied to the Gymnoascaceae, because 
Ctenomyces serrata Eidam, 1880, when injected into animals, develops 
a trichophyton-like mycelium and eruption, which classification has 
recently been supported by the work of Marshall and one of us on 
T. citrrii. However, for the present, we propose to leave these 
genera and their allies out of consideration. 

Classification.— This suborder contains the following genera: — 

A. Producing on hairs — Genus Trichosporum Behrend, 

1890. 

B. Producing Black Maduromycosis - ■ Genus Madurella 

Brumpt, 1905. 

C. Producing White M aduromycosis- -Genus Indiella Brumpt, 

1906. 

Genus Trichosporum Behrend, 1890. 

Definition. — Arthrosporales living parasitically on the hairs of man 
in the form of large, oval, or roundish bodies embedded in a ground 
substance. In cultures elongated hyphae and spores are formed. 

Remarks. — -Care must be taken not to confuse Trichosporum 
Behrend, 1890, with Trichosporium Fries, 1849, a very different 
genus with over forty species, mostly saprophytic. 

The species of this genus give rise to nodosities on hairs. They 
are : — 

T. giganteum Behrend, 1890, the cause of piedra in Columbia, in 
hairs of the head. 

T. beigeli (Rabenhorst. 1867), the cause of piedra in Europe, in 
hairs of the beard. 

T. ovoides (Behrend, 1890), the cause of piedra, in hairs of the 
moustache. 



1102 


FUNGI IMPERFECT I 


T, ovale Unna, 1896, on the hairs of the moustache in Lurope. 

T, glycophile du Bois, Kjro, on the pubic hairs of a diabetic. 

The various species may be differentiated as follows : — 

A. Bodies around hair polyhedral : — 

1 . i)iameler of bodies 12-15 microns — Giganteum. 

IJ. Diameter of bodies 3-4 microns — Beigeli. 

B. Bodies around hair oval and small, 3-4 microns by i *5-2*5 microns : — 

f. In cultures hyplne often twisted like a corkscrew — -Ovale. 

II. In cultures hypluje not so twisted — Ovoides. 

C. Bodies around hair roundish, 3-4 microns in diameter : — 

J' ling IS associated with a coccus, with which it grows well on sugar 
modiVi— -Glycophile. 

These fungi live, parasitic on the surface of the hairs, but do not 
penetrate into their interior; during their parasitic life they vege- 



Fl G . 5 8 3 . - ■ -d' K 1 C J I O S PO U M . 

(After Vuillemin.) 



Fig. 584. — Tkan.sversk Section 

THROUGH A PlEDRA NODULE. 


tate in the shape of large oval or roundish elements, embedded 
in an amorphous substance. .Saprophytically (cultures) they vege- 
tate, forming mycelial threads and spores. 


Trichosporum giganteum Behrend, 1890. 

This is the cause of piedra of Columbia; develops on the surface 
ot the hair in the shape of large polyhedric cells 12 to 15 fj, in 
diameter. Masses of the fungus form hard nodules along the hair. 
The fungus is easily grown on various media. In cultures the 
mycelial threads are septated, cylindrical, between i and 4 [ji wide. 
The sporc's are of various dimensions, between 2 and 12 [jl. The 
colour of the colonies is light brownish. Horta describes in the 
nodules of a variety of piedra certain large cyst-like bodies con- 
taining generally eight fusiform bodies. When the membrane 
bursts, these bodies escape, being provided with one flagellum at 
each end. Pinoy is inclined to consider these formations to be 
asci containing ciliated ascospores. 
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Trichosporum beigeli Rabenhorst, 1867. 

SynoTiyitiS.—Plcurococcus beigeli Rabenhorst, 1867; Sclerothm 
bei'gelianum Hallier, 1868; Hyalococctis beigeli Schroeter, 1886;^ 
Chlamydolomus beigeli Trevisan, 1889; Micrococcus beigeli Migula, 
1900; Trichosporum beigeli Vuillemin, 1901. 

This fungus has been found in Europe several times in nodosities 
of the hairs of the moustache. It lives parasitically under the form 
of ovoid or polyhedral elements massed together on the surface of 
the hair. These ovoid or polyhedral elements are much smaller 
than those of the preceding species, their maximum diameter 
varying between 3 and 4 /x. It is easily cultivated on ordinary 
media. In cultures mycelial threads are found, septate, slender 
(1*57 to 2 /jb). In old cultures chlamydospores can be seen. 


Trichosporum ovoides Behrend, 1890. 

Found by Behrend in the nodosities present on the moustache 
of a European patient; vegetates parasitically on the surface ot 




Fig. 585. — Hair affected with Trichosporosis. (After Vuillemin.) 

the hair under the form of ovoid elements; 3 to 4 long and to 
2^ l^i wide. Grows easily on culture media; on potatoes the colonies 
are white, while the medium takes a brownish -black colour. 

Trichosporum ovale Unna, 1896. 

Found by Unna in the nodosities present on the moustache of a 
European patient. Very similar to T. ovoides ; in cultures, however, 
the mycelial threads arc often corkscrew-like, and the spores have 
thick walls. 

On potatoes the colonies are white-yellowish, and the substratum 
takes a brownish-black colour. 

Trichosporum glycophile du Bois, 1910. 

Found by du Bois in a nodular affection of the pubic hairs in a 
diabetic patient. In the nodules roundish elements, 3 to 4 were 
present, together with a coccus. The fungus was easily cultivated 
in symbiosis with the coccus on sugar media. 
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Genus Madurella Brumpt, 1905, emendavit Pinoy, 1912. 


Definition.— Arthrosporineae with sterile septate hyphse, repro- 
ducing the thallus by fragmentation and secreting a black pigment. 
The spores are produced secondarily by binary division of the 
articles. Found in black maduromycosis and grow well at 37° C. 

Type Species. — Madurella mycetomi (Laveran, 1902). 

Historical. — In 1901, Brumpt, Bouffard, and Chabaneix wrote an 
account of a case of black mycetoma which they observed at 
Djibouti. In the following year the organism found in this case 
was studied by Laveran, who gave it the name Sireptothrix mycetomi 
Laveran, 1902 . Brumpt also found the same organism in a maduro- 
mycosis in the centre of Somaliland, and also in an amputated foot 
sent from Madagascar. 



Fig. 586 . — Madurella mycetomi 
Laveran. 


587. — Grains of Indiella 
reynieri Brumpt 


(Aftor Brumpt.) 


Bouffard, in 1905, reported the presence of the same disease in 
Senegal and in the French Sudan. 

In tliis variet)^ the grains arc black or deep brownish red, and 
always hard and generally small, from 1-2 millimetres in diameter, 
when single, and not in accumulated masses. The surface is 
irregular, with projecting points. On clearing with Eau de Javelle, 
the fungal elements can be clearly seen. 

Brumpt (1905) formed a new genus, ' Madurella,^ for this fungus, 
defining it as follows; — 

' Mucedine with white thallus, living parasitically in various animal tissues 
(bone, muscle, connective tissue), possessing during its vegetative life fila- 
ments with a diameter greater than i micron, and even reaching to 8-io 
microns. These filaments are septate and branch from time to time; they 
secrete a brown substance. When old, these filaments form a sclerote, and 
their walls sometimes become impregnated with a brown pigment. In this 
sclerote there are a number of rounded corpuscles, from 8-30 microns in 
diameter (chlamydospores).’ 

The type species is the organism called Sireptothrix mycetomi 
by Laveran, in 1902, which therefore becomes Madurella mycetomi 
(Laveran, 1902), first cultivated by Brault (1911) in material from 
Algerian cases. 

This form of mycetoma was reported by Balfour (1911) to be 
present in the Anglo-Egyptian Sudan. 
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It IS generally assumed that this and the Asian, together with 
the American type, are one and the same disease, but this still 
requires proof. 

In 1908, Nicolle and Pinoy described a maduromycosis which 
they found in Southern Tunisia, near the Oasis of Tozeur, with hard 
dark brown grains about the size of a pin’s head, in which segmented 
and ramified hyphae about 1-4 microns in diameter were seen, 
as were rounded bodies arranged in chains and resembling the 
mycelial spores of a trichophyton, the whole being embedded in a 
brownish cement substance. Cultures were obtained at 35° C., and 
the growths were identical on maltose agar, glycerine agar, potato, 
and carrot, and all +he media became pigmented black, due to a 
tyrosinase produced by the fungus, while the colonies which devel- 
oped in twenty-four hours at 37® C. were white. Microscopically 
the growths showed the ‘ fa vie nails ’ so commonly met with in 
cultures of A. schoenleini. The authors looked upon the organism 
as belonging to the genus Odspora Wallroth, 1833, with which 
Vuillernin considers A chorion schoenleini Lebert, 1845, should be 
classified. Its name, theref(-re, became Odspora tozeuri (Nicolle 
and Pinoy, 1908). 

Inoculation experiments were unsuccessful in the rabbit, the 
guinea-pig, and the monkey, but two' successful infections were 
obtained in pigeons. 

Brumpt, however, considers the lungus to be a Madurella, and 
therefore its name becomes Madurella tozeuri (Nicolle and Pinoy, 
1908). 

Brault (19TI and 1912) cultivated the fungi Madurella my cetomi 
and M. tozeuri. 

The former grew at 20° C. and 37® C. on broth, various agars, 
potato, carrot, and some vegetal liquid media. 

In the liquid media the growth appeared as a whitish grey puff- 
ball, which later became yellowish or brownish, while the medium 
remained clear and the growth fell to the bottom of the tube. 

On solid media it formed a greyish-white, duvet-covered growth, 
which possessed a central button, surrounded by a radiation, and 
later, when the culture was drier, the medium became coloured. 

Glycerine agar was best, as the growth thereon was luxurious, 
and when old became yellowish in colour, while the medium showed 
a caramel tinge in its entirety. 

Glucose glycerine agar produced a growth of the colour of touch- 
wood. This culture is thrown into black wrinkles, producing an 
appearance seen on some seashores. 

When the growths of M. tozeuri were compared with those of 
M. mycetomi a number of differences were observed. 1 

The cultures of M. tozeuri grew more quickly, were more luxuriant, 
and were white, resembling powdered flour. Those of M. mycetomi 
were more discrete, grey, duveteuse, radiated, and sometimes showed 
concentric circles, and disassociated more easily than the 
preceding. 
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Old cultures on glucose agar or on glycerinated glucose agar 
were quite different in the two species. 

On carrot A/, tozeuri attained a deeper brownish yellow colour, 
while in old cultures on this medium it produced spores in a manner 
resembling an Oospora. 

Pinoy, in his remarks upon the mycology of these two species, 
says that Brault's M. mycetomi very closely resembles that isolated 
by Nicolle under the name of Oospora tozeuri. Its filaments are 
2-8 microns in diameter, and do not possess apparatus for fructifica- 
tion, reproducing by a breaking up of the hyphse of the thallus into 
articles 5-10 microns in length, which divide into two spores. 
These spores are of the same diameter as the hyphae from which 
they arise, varying from 2-5 microns, while the membrane becomes 
yellowish with age. In addition, chlamydospores can be observed 
forming at the end of the filaments, more or less like favic nails. The 
spores of M . tozeuri are smaller, but are formed in the same manner. 

On Sabouraud’s gelatine M . mycetomi gives rise to black sclerotes 
in the depth of the medium. These arc very numerous, measure 
millimetre in diameter, and are composed of hyphal segments, 
more or less cylindrical. Sometimes the sphere attains a diameter 
of 10 microns, and usually contains only one nucleus; but, though 
studied for a long time, these sclerotes were never observed to have 
any higher form of fructification. In M. tozeuri it is very rare to 
sec the formation of sclerotes, which takes place on tiie surface of 
the medium. 

On the bases of the researches on M . mycetomi and M. tozeuri, 
Pinoy classifies the genus Madurclla as follows: — 

A. Sclerotes o‘ 5 -i millimetre in diameter, formed in the depths of 
medium in cultures — Mycetomi. 

13. Sclerotes rarely produced, and then on the surface of the medium — ' 
T ozeuri . 

Madurella mycetomi (Laveran, 1902). 

Synonym. — Sireptothrix mycetomi Laveran, 1902. 

Mycelium greyish white; when old, yellowish and darkening the 
media in sugar cultures. Spores varying in dimension from 2-5 
microns. vSclerotes black and sterile, with a diameter from 0-5-1 
millimetre, formed in the depths of the medium in cultures. Can 
invade the skin, bone, muscles, and connective tissue of man, 
giving rise to black grains, which are small, hard, round, and more 
or less warty, and which morphologically resemble the sclerotes 
formed in the cultures. Up to the present the inoculation into 
animals is negative. Very widely spread in Africa. Isolated by 
Brault from a mycetoma with black grains in Algeria. 

Madurella tozeuri (Nicolle and Pinoy, 1908). 

Synonym. — Oospora tozeuri Nicolle and Pinoy, 1908. 

Mycelium white, becoming yellowish with age and darkening the 
medium in sugar cultures. Spores generally small, 2 microns or 
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sometimes even 5 microns in diameter. Sclerotes are only rarely 
produced, and then they appear on the surface of the medium. 
Occasionally it gives rise to a mycetoma in man, in which it forms 
black amorphous grains, which are often made up of mycelial rings 
enclosing some degenerate cellular elements, which are impregnated 
with the pigment of the fungus, and also of small diffuse masses, 
formed solely by the filaments of the fungus, which have a yellow 
membrane. Inoculation into pigeons positive. Isolated by Nicolle 
from a mycetoma at Tozeur. 

Genus Indiella Brumpt, 1906. 

Definition.— Arthrosporineae with septate, ramiticd hyphae, with- 
out black pigment, and hence sclerotia white or yellowish. 

Type Species. — 'Indiella mansoni Brumpt, 1906. 

Remarks. — -White thallus, living parasitic in various animal 
tissues — -connective tissue, muscles, and bones. Mycelial threads 
1-8 or 10 jui, septate, ramified, never secreting — ^in contrast to 
the fungi of genus Madurella — any black pigment. Masses of 
mycelial threads form sclerotia-like bodies or grains of various shape 
containing chlamydospores . 

Glassification. — -The species may be recognized as follows: — 

A. Sclerotia hard and bean-shaped — Mansoni. 

B. Sclerotia soft and in coiled masses — Reynieri. 


Indiella mansoni Brumpt, 1906. 

Mycelial threads are septateJ, white, thin, i\5-2 when young, 
larger (3-5 [jl) and of irregular shape when old. Numerous spherical 
chlamydospores, generally terminal, 5-12 ^jt, in diameter. Grains 
(sclerotia) very small, of l-:{- millimetre, white, lenticular or reni- 
form, very hard, do not soften by keeping in caustic potash. The 
fungus has not been grown. 

Pathogenicity. — It is the cause of Manson’s white mycetoma, of 
which only one case is known. 

Indiella reynieri Brumpt, 1906. 

White thallus. Most mycelial filaments are very thin, 
septated; some— those at the periphery — are of irregular shape, 
much broader (4-5 yd), moniliform. Nearly every mycelial thread 
has at the peripheral extremity a terminal chlamydospore, 5-20 fi, 
often septate in two or three cells. Grains or sclerotia are small, 
less than i millimetre in diameter, coiled up like the excrementa 
of earth-worms. 

Pathogenicity.— This fungus causes a variety of mycetoma with 
white grains (Reynier’s white mycetoma), of which there is only one 
case on record — -a European patient who had never left France. 
The case was observed and reported on by Reynier. 
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ORDER III. HBMISPORALES Vuillemin, 1910. 

Definition.' — Hyphales with the mycelium composed of abundant 
hyphae, thin, but more than i micron in diameter, septate and 
branched conidiophores ramified basally, each branch terminating 
in a protoconidium, preceded by an annular construction produced 
by a brown, rigid thickening of the wall. The protoconidium is 
transformed completely or partially into deuteroconidia, but occa- 
sionally it elongates, forming a new conidiophore, or puts out 
branches which are capable of becoming conidiophores. 

Classification. — -There is only one genus, Hemisfora Vuillemin, 
1906. 

Genus Hemispora Vuillemin, 1906. 

Definition. — Mycelial filaments, thin, hyaline, septated, ramified. 
Eacli c()nidio})horc tenninatcs into an anipulliform structure (proto- 
conidiiim), which later divides into several spore-like segments 
(deuteroconidia). 

Hemispora stellata Vuillemin, 1906. 

Definition.— Hemispora composed of white, sessile discs covered 
with conidiophores, arrangcxl like brown stars in relief on the 
surface. Deuteroconidia subspherical, measuring 2 *6-3 *5 microns, 
with a dark- coloured granular membrane except at the point of 
attachment, sometimes elongated and barrel-shaped. Habitat, 
parasitic on man and fungi. 

Remarks.- -This species was first found in 1904 by Vuillemin, 
growing on Aspergilhis repens (De Bary, 1870). In 1909 Gougerot 
and Caraven first found it parasitic in man, 
and this has since been confirmed by other 
cases described by Auvray, De Bcurmann, 

( lair and Gougerot, and by Thiry. So far it 
has not been found in the tropics. 

Pathogenicity.- -It is the cause of hemi- 
sporosis, characterized by bony lesions and 
cold abscesses simulating tertian syphilis, 
tuberculosis, or sarcomata. 

Biology. — It grows well on sugar media at 
the temperature of the room, and when 
separated in pure culture can be tested by 
sero agglutination and complement fixation. 
Typical colonies asteroid. 

Treatment. — Iodide of potassium gives good result. 

Hemispora rugosa Castcllani, 1910. 

Synonym.- rugosa Castellani, 1910. 

Definition. — Hemispora growing on all ordinary media, with a 
crinkled surface without asteroid colonies. 

Remarks. — Isolated from cases of bronchitis and a case of tonsil- 
litis by Castellani, and recently from a case of thrush by Pijper. 



Fni. 588 ,^ — Hemispora 
stellata Vuillemin. 
(After Vuillemin.) 



Name of Motility l ^ ^ Litmus 

Fungus. I Gram. ^^tf^tine. Serum. Lactose. Saccharose. Dulcite. \ Mannite. Glucose. 
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Abbreviations used in the Tables.— A = acid ; C-clot; G-gas; S=--slight; vs = very slight; 0 = negative result— viz., 
production of acid or gas in sugar media, non-production of indol, non-liquefaction of gelatine or serum, as the 
may be ; + = positive result. 
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The growth on glucose agar is abundant, crinkled, or at times some- 
what cerebriform; and in colour is amber, yellow, or brownish. 
Grows well on gelatine, which it liquefies very slowly, so much so 



FiCi. 589 . — H mispora rugosa 
CaSTELLANI, 1910 : CiLU- 

cosE Ac.ar Culture. 


Fig. 590. — llemi‘ Fig. 591. — Hemi- 
spora rugosa: spora rugosa: 

Glucose Agar Glucose Agar 

Culture. Culture. 


that at first it was believed to be a non-liquefier. Gram-positive. 
Milk is not changed as a rule, but occasionally it undergoes a certain 
degree of peptonization, with a very small coagulum at the bottom 
of the tube. For sugar reactions see the table. 


ORDER IV. CONIDIOSPORALES Vuillemin, 1910. 

Deftnition. — Hyphales with the mycelium composed of abundant 
hyphae, more than i micron in diameter, septate and branched with 
or without true conidiophores, and with reproduction by means of 
true conidia. 

Remarks.— The reasons for the formation of this order, which 
contains a large number of families, have already been given, as 
well as its advantage over the more fully worked out system of 
Saccardo (p. 1037). 

Classification. — ^The order Conidiosporales is divided into five sub- 
orders, which may be recognized as follows; — 
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A. Conidium imperfect : Aleuriospore. 

Suborder i: Aleuriosporinece Vuillemin, 1911. 

B. Conidium perfect : Conidium verum. 

I. True Conidiophores absent — 

Suborder 2 : Sporotrichinea^ Vuillemin, 1910. 

II. True Conidiophores present: — 

(a) Conidia borne on sporophores. 

Suborder 3: Sporophorulinece Vuillemin, iqio. 

(h) Conidia borne on phialides. 

1. Prophialides absent. 

Suborder 4: PhicdidinecB Vuillemin, 1910. 

2. Prophialides present. 

Suborder Prophialidinea^ Vuillemin, 1910. 

The fourth suborder, Phialidineie, contains species of the genera 
Asiyergillus Micheli, 1729 ; Penicillium Link, 1809; and Stengmato- 
cysWs Cramer, 1859, in which asci arc unknown ; but though logically 
correct to include these species in the Fungi Impcrfccti, it is more 
convenient to consider them under the heading Ascomycctes, though 
the genus Scopulariopsis may be placed here. 

The last suborder, Prophialidales, does not contain any genera 
with species parasitic in man. 

SUBORDER i: ALEURIOSPORINE^ Vuillemin. 1911. 
Definition.— Conidiosporales in which reproduction takes place 

Classification. — The suborder contains two families, which can 
be distinguished as follows: — 

A Conidiophores absent— Aleurismacea . 

B. Conidiophores present— Monotosp or acec^. 

Family Aleurismace^ Vuillemin, 1911. 

Definition. — Aleuriosporinoco without conidiophores. 
Classification.— The family is divided into two tribes :— 

A. Spores simple or appeadicuhxte— A leurnmetB. 

B. Spores bi- or multi-cellular — Blastotrichea. 

Only the first tribe is of interest to us. 


Tribe Aleurisme^e. 

This tribe may be classified as follows : 

A. ^ . sporogenous. Apparatus but little difier- 

emiated from the mycelium — Myceliophthora Costantm, 1894. 

II Hyphae elongate, sporogenous apparatus but little differentiate 
from the mycelium — Acladium l-ink, iSog. 

III. Hyphae elongate, sporogenous apparatus well differential 
from the mycelium: — 
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(a) Aleuriospore, smooth, small, acro-pleurogenous : — 

1. Aleuriospores coloured — Aleurisma Link, 1809. 

2. Aleuriospores pale — Corethropsis Corda, 1839. 

{b) Aleuriospore, large, spiny, acrogenous: — 

1 . Aleuriospore appendiculate — Mycogone Link, 1809. 

2. Aleuriospore non-appendiculate — SepedoniumUnk, 1809. 

B, HyphcB dark : — 

1. Hyphae pale and dark. Aleuriospores become dark and acro- 
pleurogenous on light or dark hyphae, small, generally 6X 4, 
rarely 11X5 microns — a Berkeley and Curtis, 1876. 

II. Hyphae very dark. Aleuriospores remain hyaline, situate acro- 
genously on hyaline hyphae at the base of sterile dark 
hyphae, large 11-14 microns — Boiryotrichum Saccardo and 
Marchal, 1885. 

Genus Acladium Link, 1809. 

Definition.- — ^Aleurismeae with pale elongate hyphae and with 
sporogenous apparatus, but little differentiated from the mycelium. 
vSporophores unbranched. Conidia pleurogenous. 

Type Species. — Acladium conspersum Irink, 1809. 

Remarks. — ^lliere is only one species which concerns us — viz., 
A, castellanii 

Acladium castellanii Pinoy, 1916. 

Definition."Acladium with small chains of acrogenously placed 
chlamydospores. The aleuriospores are acropl eurogen ous. 

Remarks.— The parasite was found byCastelhxni incases of ulcera- 
tive dermatitis, with gumma-like nodules, in Ceylon, the Federated 
Malay Stntes, and Macedonia, and fully described by Pinoy. 



Fig. 592. Fig. 593. Fig. 594. 

Figs 592 - 594 - — Acladium castellanii Pinoy: Cultures on Glucose Agar 
Potato and Carrot. 

Ihe growth on artificial media (such as carrot, potato, glucose 
agar) consists of many small roundish masses, which later on may 
coalesce. They are covered by spiculated formations, giving them a 
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prickly appearance, and consisting of erect, straight filaments, 
parallel to each other, or at times interlacing. These filaments are 
approximately 2 microns in diameter, and carry laterally pseudo 
conidia of variable shape, cylindriform, pyriform, or spherical, 
attenuated in size at their points of insertion. Most of these pseudo 
conidia are 4 microns in length, with a breadth of 3 microns. This 
type of fructification recalls the type Acladium decribed by Bodin 
in certain species of the genus Trichophyton (Malmsten, 1848). 



Fig. 595. — Microscopi- Fig, 596. — Microscopi- I ig. 597. — -Microscopi- 
cal Appearance of cal Appearance of cal Appeakanciv of 

Acladium castellanii the Fungus in Hang- tiieFungusin IIang- 

PiNOY IN Hanging- ing-Drop Culture, ^g-Drop Culture, 

Drop Culture, Five Twenty-FourHours Three Days Olo. 

Days Old. Old. 

S, pseudoconidia ; a, b, c, development of mycelial filaments from 
psoudoconidia; c/i, chi amyd os pores. 


These pseudoconidia become detached and then develop y 
sprouting, and mycelial filaments arc formed. Certain filaments 
produce spherical chlamydospores arranged in small strings, as 
found in certain fungi of the genus Fusarium. Ihese small chmns 
of chlamydospores arc very frequently terminal, the dimensions 
being variable — 8 to 10 microns (Figs. 59 V 597 )- . . 

In cultures on carrot and potato the colonics are white, on 
glucose agar often amber colour. Old cultures may show a certain 
amount of pigmentation, brown or black, especially on potato. 


Genus Glenospora Berkeley and Curtis, 1876. 

Definition.' — ^Aleurismeae with paic and dark hyphfe. Alrario- 
spores become dark, and are situate acropleurogenous on light or 
dark hyphffi, but are small in size, being generally 6x4 microns in 
diameter and rarely ii x 5 microns. 

Type &nwil6S.-~Glenospora curtisn Berkeley and Desmond. 
Classifleatioh.— Besides the type, G. ramrum (Schwemitz, 1822) 
and the pathological species are known . The latter are 

G. graphii (Siebenmann, 1889), found in cases of otomycosis and 

keratomycosis. 
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G, sacchari Spegazzini, 1896, in the Argentine. 

G. microspara Spegazzini, 1891, in Brazil. 

G. khurtountensis Chalmers and Archibald, 1916, found in black 
maduromycosis. 

G. semoni Chalmers and Archibald, 

^917- 

The various species may be recognized 
as follows - 


VifT, 3(^8. 

Fir.. 5^8 AND 59<>. (ilenospora khartoumensis Chalmers and Archibald : 

Aleuriospores. 

A. Aleuriospores large, usually measuring 10 or more microns in dia- 

meter : — 

Parasitic on plants — (i) Curtisii, (2) Ramorum. 

B. Aleuriospores medium, measuring 6-8-9-11 microns — (3) Sacchari. 

Parasitic on plants — (4) Microapora. 

C. Aleuriospores small, usually measuring 5 or less microns in diameter : — 

I. Parasitic in man, causing otomycosis and keratomycosis — 
(3) ('iraphii. 

II. Parasitic in man, causing black maduromycosis: — 

{a) Growth on clear maltose agar twelve days, uncapped tube 
at 30"^ C. Central black rounded mass surrounded by an 
abundant white fringe — (6) Semoni (in India). 

(/>) Growth in exactly same conditions as in (a). Central scries 
of small elevations from which radiate furrows cutting in 
black plateau. Fringe very slightly marked — (7) Khar- 
toumensis (in Africa). 

Glenospora graphii Sicbcnmann, 1889. 

Synonyms. — Graphinm pefiicillioides Hallier, 1869; Stemphylium 
polymorphum Hallier, i8()9; V erticillhim graphii Siebenmann, 1889; 
Glenospora praphii Vuillcmin, 1912. 

Definition. — Glenospora with aleuriospores large, 10 or more 
microns in diameter. 

Mycelium at first white, later dark brownish. The filaments are 
septated, 2 to 3 in breadth, ramified. Fertile hyphai are erected, 
often dichotomous or trichotomous, with terminal conidia, which 
are ovoid with a smooth surface, and of a greyish-brownish colour. 
It is easily grown on the usual laboratory media; gelatine is not 
liquefied. This fungus has been found in cases of otomycosis by 
Hassestein, Bezold, Siebenmann, etc., and in a case of keratomycosis 
by Morax and Pinoy. 




Fig. 599- 


glenospora khartoumensis 



f-iG. 600. — Glenospora khartoumensis Chalmers and Archibald: In Myce- 
toma Grain. 



aba B 

Fig. 601. Fig. 602. Fig. 603. Fig. 604. 

Fig. 601 AND 602. — Glenospora khartoumensis Chalmers and Archibald: 
Culture on Clear Maltose Agar. 

A, Twelve day.s; B, fourteen days. 

Fig. 603 AND 604. — Glenospora semoni Chalmers and Archibald: Culture 
on Clear Maltose Agar. 

A, Twelve days; B, fourteen days. 


Glenospora khartoumensis Chalmers and Archibald, 1916. 

Definition. — Glenospora with aleuriospores small, 5 or less 
microns in diameter; parasitic in man, causing black maduromy- 
cosis, and differing from G. semoni in cultural characters. 
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History. — ^Found by Chalmers and Archibald in a case of black 
maduromycosis in Khartoum, Anglo-Egyptian vSudan. It occurred 
in the sole of the foot of a native boy. 

Morphology. — -All cultures show septate branched hyphse, varying 
in diameter from 2 *8-1 *4 microns, and increasing in very old 
cultures, when all the hyphae are dark, to 2*4 microns. At first the 
hyphae are pale, but when older they become dark, being of a 
greenish black tinge. Thick wailed, clear, or dark coloured. 
Chlamydosporcs (14 xii*3 microns) are present, and are especially 
marked in the black masses on the surface of potato infusions and 
nutrient gelatine. Aleuriospores are to be found acropleuro- 
genously situated in the surface growth of old potato infusions. 

Cultures. — -The fungus grows well aerobically in glucose peptone 
at 30° C., which is the optimum temperature. It also grows well 
on maltose agar, on glycerine agar, glucose agar, and agar agar. It 
does not liquefy inspissated blood serum or gelatine. It grows on 
potato and carrot, but not on cheese or lard. 1 1 grew well on litmus 
milk, but formed neither acid nor clot, though it produced a flaky 
precipitate. On maltose agar the typical growth was in colour. 
Ridgway’s Standard Colour ' Dusky Drab,' and had a central 
elevation surrounded by a depression, which separated it from a 
grooved raised plateau which had a slight fringe. 

Habitat. — So far it is only known in man, and all experiments with 
grains or with cultures failed to infect monkeys, rabbits, or pigeons 
intraperitoneally, subcutaneously, intramuscularly (with or without 
a thorn), or into the anterior chamber of the eye. Attempts to find 
a similar fungus on plants have so far failed. 

Pathogenicity.- -] t causes a variety of African black maduro- 
mycosis. 

Glenospora semoni Chalmers and Archibald, 1917. 

Definition. — (flenospora closely resembling G. khartoumensis, 
but differing markedly in cultural characters on maltose agar when 
grown under exactly similar conditions. 

Remarks.— d'his fungus was isolated by Semon from a case of 
black maduromycosis occurring in a native Indian soldier serving 
in France. 

It is very like G. khartoumensis, but differs markedly in cultural 
appearances, as may lie judged by a comparison of Figs (x i and 602 
with Figs. ()()3 and 604. 

Pathogenicity.- -It causes a variety of Asian black maduromycosis. 

Genus Trichothecium Link. 1824. 

Fertile hypha‘ are erect, grouped together, each terminating in 
an oval, pear-shaped, or globular conidium. The only species so 
far observed in man is Trichothedunt roseuni. 

Type —Trichothecium roseum (Persoon, 1801), emendaint Link, 
1824. 
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Trichothsciuni rosBum Persoon, 1801. 

Syno^ms .— roseum Persoon, 1801; Sporocephalum 
roseum Persoon, i&oi \Puccinia rosea Corda, 1837. 

^ This species vegetates on decaying vegetable matter ;vthe colour 
IS at first white, then pinkish. Each fertile hypha terminates in a 
pear-shaped conidium, 10 to 20 fx in length and 8 to 12 ^ in breadth. 

This fungus has been found in cases of otomycosis by Stendencr, 
who did not succeed in cultivating it. Some authorities believe 
it to be identical to Glenospora graphii. 


SUBORDER-. SPOROTRICHTKE^ Vtiii.t.emin. 1910. 

Definition. — Conidiosporalcs in which reproduction takes place 
by means of true coiiidia, but in which true conidiopliorcs arc absent. 

Type Genus. — ■Sporotrichum Link, 1809, which has a very large 
number of species scattered over the world, of whicli 100 arc de- 
scribed in Saccardo’s ' Sylloge Fungorum,' vol. iv. 

Genus Sporotrichum Link, 1809, emendavit Saccardo, 1882. 

Synonyms.— Miainomy CCS Corda; Chro)nelsporium Corda. 

Definition. — Sporotrichales with the characters of the suborder. 

Type Species. — -Possibly Sporotrichum ohducens Link, 1809. 

Human Species. — There has been considerable discussion as to 
whether the human species belonged to this or anotlicr genus — 
e.g., Oospora, J 3 otrytis, ITichosporum, Rhinocladium, or Torula- - 
but Smith, dc Bcurmann, and GougcroUs belief that Sporotrichum 
is the correct genus has been supported by Matruchot, Vuillemin, 
and Pinoy, and may be considered as settled as far as our present 
knowledge goes. 

The first species ever associated in any way with man was :• — 

Sporotrichum inquinatum (Link, 1809), which was found growing 
on dry human faeces. This was probably a saprophyte. The first 
ever found in diseased men was Sporotrichum bronchiale Montague, 
1844. It was discovered by Gubler in the bronchi of sick persons. 

Species Parasitic in Man.— It is customary at the present time to 
give the following species as parasitic in man, and it may be noted 
that they do not correspond to any known species living sapro- 
phytically or parasitically on plants : — 

1. 5 . schenki (Hektoen and Perkins, 1900). 

2. S. beurmanni (Matruchot and Ramond, 1905). 

3.5. dori de Beurmann and Gougerot, 1906. 

4. S. indicum Castellani, 1908. 

5. 5 . aster oides Splendore, 1908. 

6. S. gougeroti Matruchot, 1910. 

7. S. jeanselmi Brumpt and Langeron, 1910. 

8. 5 . lesnei (Vuillemin, 1910). 

9. S. councilmani V/olha,chj Sisson and Meier, 1917. 
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And one may add : — 

10. S. hronchialeMowidign^, 1844. 

There is, however, some difference of opinion with regard to 
some of these species; thus de Beurmann and Gougerot consider 
that the fourth and fifth are only varieties of the second. 

4. 5 . heiirmanni Matruchot and Ramond, 1905, var. indicum 
Castellani, 1908. 

5. S. hcurmanni Matruchot and Ramond, 1905, var. asteroides 
Splendorc, 1908. 

Considering them all provisionally as separate species, they ma}^ be 
recognized as follows : — 

A. Conidia large {^-ii microns in greatest diameter), with well-developed 

pedicle and presence of lateral spore clusters: — 

Mycetomas in Madagascar*— 

Conidia large with absence of lateral spore clusters: — 
d'raumatic arthritis in AmGvk'ci---Councilmcini. 

B. Conidia usually small with very short pedicle, which may be absent: — 

I. With radiating bodies. Conidia very polymorphic, round, oval, or 
bacilli form, varying from 4-8 microns in greatest diameter — 
Asteroides 

11 . Witlioul radiating bodies: — 

(a) Conidia not numerous. Ferments lactose, not saccharose — 

Schenlii. 

[b] Conidia numerous: — 

1. Hyplux 2 or more microns in dia, meter: — 

(a) Cultivated: — 

(i.) Colonics dark from the first — Gougeroti. 

(ii.) Colonies whitish at first: — 

(i) Colonies finally black. Ferments saccharose, 
not lactose — Beiirnianni. 

{2) Colonies lightish brown — Dori. 

(3) Colonies whitish grey to black. Hyphx wide, 

3 to 4 microns — Tndicum. 

(n) Not cultivated. Hyphx 5 to 7 microns in diameter — 
Bronchiale. 

2, Hyphx less than 2 microns in diameter. Hyphx 0*5 to i 

micron in diameter — Jeanselmi. 

Pathogenicity. — They usually give rise to lesions in the skin and 
deeper tissues, resembling those of tertiary syphilis (gummata, etc.) 
or tuberculosis, but 5 . lesnei produces a disease like mycetoma. 

Treatment. — As a rule the diseases are amenable to iodide of 
potassium , 

Sporotrichum schenki Hektoen and Perkins, 1900. 

Synonyms. — Sporothrix schenki Hektoen and Perkins, 1900; 
Rhinocladium hctirmanni Verdun, 1913. 

Discovered by Schenk in a case of gummatous lymphangitis in 
1896 in North America. Easily grown on glucose, maltose, and 
other sugar media. Optimum temperature 30° to 38° C. Growth 
with an irregular surface, generally of white colour, but old cultures 
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may ^ present some brownish or black pigmentation. Glucose 
gelatine is slowly liquefied. Mycelial threads as a rule not very 
straight, rather bent, curved, or undulating; they are about 2 ^ in 
diameter. Conidia present in small numbers, oval, supported by 
a short sterigmata. Ferments lactose, producing acidity but no 
gas ; has no action on saccharose. 

Pathogenicity. — It is the cause of Schenk’s sporotrichosis, found in 
North America.' According to dc Beurmann, this fungus is very 
little or non-pathogenic to rats and mice. 

Sporotrichum beurmanni Matruchot and Ramond, 1905. 

Synonym. — •Rhinocludimn beurmanni Verdun, 1913. 

Discovered by ae Beunnann in France, and completely investi- 
gated by himself and Ramond, Gougerot, Dor, Sicajd, Pinoy, etc., 
in that country; by Adamson in England; by Lutz and Splendore 
in South America; by Caroiigeau in Madagascar, etc. 

Parasitic Life. — In the tissues oval, yeast-like, or short bacillary 
forms are seen, 3 to 5 /.a in length and 2 to 3 fi in breadth, free or 
engulfed by phagocytes. Pinoy has described some minute oval 
forms the shape and size of piroplasmata inside the macrophages. 
In a case of general infection he has made the important observa- 
tion that typical fructifications may be seen in the blood capillaries. 

Cultures. — The best media are Sabouraud’s maltose agar and 
glucose agar. The growth begins to appear between the fourth and 
the twelfth day. Optimum tem- 
perature 22° C. The growth may 
be whitish at first, but soon 
becomes completely black or of a 
brownish chocolate-like colour. 

The surface is cerebriform. 

Glucose gelatine is slowly 
liquefied. Mycelial threads 
about 2 fji in diameter, rather 
straight. Conidia oval, 5 to 6 fj, 
in length and 3 /:* in breadth, 
supported by short sterigmata. 

In contrast to Sp, schenki, the conidia are extremely numerous. 

Ferments saccharose, producing acidity, but no gas; has no action 
on lactose. 

Pathogenicity. — Is the cause of by far the greatest number of 
cases of sporotrichosis in Europe (see p. 2086). Is very pathogenic 
to rats and mice. 

Sporotrichum dori de Beurmann and Gougerot, 1908. 

Found by Dor in a case of gummatous sporotrichosis. In con- 
trast to the typical Sp . beurmanni, the growth on maltose and 
glucose agars is slower; the colonies do not coalesce into a large 
mass, but remain separate and small, not exceeding millimetres 



Fig. 605. — Sporotrichum beurmanni 
Matruchot and Ramond. 

(After Gougerot.) 
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in diameter. The colour is light brownish ; never becomes black. 
Does not grow on gelatine. The mycelial filaments are very thin 
( 0*5 to I fM), with short mycelial segments occasionally dichotomous. 

The fungus is not pathogenic, or very slightly so, for rats and 
mice 

Sporotrichum gougeroti Matruchot, 1910. 

Synonym.— Rhinocladium gougeroti Verdun, 1913. 

Differs from the typical Sp. heurmanni only in small details, the 
principal ones of which are the black pigmentation of the colonies 
from the very beginning, and the extremely abundant sporulation. 

Sporotrichum indicum Castellani, 1908. 

Found by Castellani in Ceylon. It is doubtful whether it is a 
separate species, or merely a variety of Sp. heurmanni. The 
mycelial threads are often somewhat larger (2 to 3 ^ wide) ; conidia 
roundish (3 to 5 [a) or oval (4 to 5 long and 3 to 4 in breadth). 
The colonies on maltose and glucose agars may be of various colour 
— white-greyish, light brownish, dark brownish, black. 

Sporotrichum jeanselmei Brumpt and Langeron, 1910. 

Was isolated by Jeansclme and P. Chevalier from a case of 
gummatous sporotrichosis, and was studied botanically by Brumpt 
and Langeron. It Sp. heurmanni 

by the mycelial filaments being thinner. 

These are septate, ramified with short lateral 
branches supporting clusters of spores. The 
spores are oval or roundish, 2 5 to 3 5 


Fig. 606 . — Sporotrichum asteroides Fig. 607. — Sporotrichum aste- 

Splendore in the Tissues. roides Splendore. 

Note radiate body. Young culture. 

(From photographs by Dr. Splendore.) 

Sporotrichum asteroides Splendore, 1908. 

Synonym. — Rhinocladium asteroides Verdun, 1913. 

Discovered by Splendore in South America. Is characterized by 
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the presence in the infected tissues of spherical bodies, 4 to 12 
in diameter, from which some bacillary-like formations radiate. 
The fungus grows well on maltose and glucose agars, the colonies 
being first white and later black. Pathogenic to man, rats, and 
mice. 

Sporotrichum lesnei (Vuillemin, 1910). 

Synonym. — Rhinocladium lesnei Vuillemin, 1910. 

Differs from all the other species of Sporotrichum by the elongated 
shape and large dimensions of the conidi a, which are 4 to il in 
length and 2*5 to 4 /.t in breadth. Old cultures are of a dark sooty 
hue, and black chlamydospores may be present. 

Sporotrichum councilmaniWolbach, Sisson and Meier, 1017. 

Found by Wolbach, Sisson and Meier in a case of acute arthritis 
of the knee following injury, in America. This species is character- 
ized by the large size of the spores with absence of lateral spore 
clusters and by the occurrence in the lesions of septate branching 
filaments. 

SUBORDER 3. SPOROPHORINEiE Vuillemin, 1910. 

Definition.— Conidiosporales reproducing by true conidia borne 
on conidiophores. 

Remarks.- — number of families and a large number of genera are 
included in this suborder, but we are only concerned with four, 
which may be separated from one another as follows : — 

A. Conidiophores unbranched — 

I. Single hyaline or lightly coloured terminal spore — 
Acremonium Link, 1809. 

B. Conidiophores branched: — 

I. Conidiophores erect — Monosporium Bonorden, 1851. 

II. Conidiophores decumbent — Scedosporium Saccardo, 
1911. 

Monosporium is only mentioned because Scedosporium apio- 
spermum used to hQ Monosporium apiospermum. 

Genus Acremonium Link, 1809. 

Definition. — Sporophorineae with creeping sterile hyphac but little 
branched, and carrying laterally simple unbranched conidio- 
phores, broad in the middle and gradually reduced towards the 
distal extremity, terminating in a single hyaline or lightly coloured 
spore. 

Type Species— Acremonium alternahm Link, 1809. 

Remarks. — ^A small number of species are known, which mostly 
live, saprophytically, on decaying wood, leaves, etc. Two species 
only are known in man. 
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Acremonium potroni Vuillemin, 1911. 

Found by Potron and Noisette in a case of subcutaneous gum 
mata with fever, somewhat resembling typhoid before the gum- 
mata appeared. Easily grown on Sabouraud's agar; colonies 
white, then pinkish, and, later, orange-yellow. Serum is liquefied. 
In cultures the mycelial filaments are septated; numerous conidio- 
phores are present of a 
peculiar elongated type, 

15 to 20 fji in length. 

Conidia ovoid, with a 
smooth surface, 4 to 5 
in length and 2 to 2-2 
in breadth; of 'pinkish 
colony. This fungus is 
pathogenic to guinea- 
pigs. 




Fig. G08. — Acremonium Fig. 6oy. — Scedospoviiim apiospermum 

potroni Vuillemin. Saccakdo. 

(After Vuillemin.) (After Raclaeli.) 

Acremonium niveum Bouchor, 1918. 

V(‘ry similar to /I. potroni, but colonics ;t,rc geiUTally white. 


Genus Scedosporium Saccardo, 1911. 

Definition. — Sporophorinece with unbranched decumbent conidio- 
phores. 

Type Species. — Scedosporium apiospermum (Saccardo, 1911). 
Remarks. — The other known species iire Scedosporium acremoni- 
oides Harvey, which does not concern us, and 5 . sclerotiale. 


Scedosporium apiospermum (Saccardo, 1911). 

Definition. — Scedosporium with mycelium at first white and later 
slightly brown; bundles 3-5 mm. broad in cultures. Mycelial 
hyph^e creeping, (iliform. Conidiophorcs decumbent, very slightly 
branched, hyaline, 2-5-3 microns, with one spore oblong, 14x5*0- 
11x5-7, rarely subround; at first hyaline, later dilute, dirty rose 
yellow. Scedosporium, causing white maduromycosis. 

Remarks. — Easily grown, the cultures are whitish and covered 
with duvet; may become brownish when old. 

Mycelial tubes septated and of various size; may reach 4 to 5 
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in breadth. Each conidiophore supports a terminal spore, which is 
either ovoid, 12 to 14 fjL in length, and 5 to 6 in breadth, or 
roundish, 6 to 7 ^ in diameter. No other kind of fructification is 
seen. 

Pathogenicity. — This fungus has been found in Italy, in cases of 
mycosis of the foot resembling madura foot, by Tarozzi and Radaeli. 
Tarozzi considered the fungus to be a Nocar dia, while Saccardo and 
Radaeli described it as a new species of the genus Monosporium. 
Saccardo placed it later in the genus Scedosporium. Radaeli made 
a complete pathological and clinical investigation of the condition. 

Scedosporium scierotiale (Pepere, 1914). 

—Monosporium scierotiale sen nigricans Pepere, 1914. 

Definition. — -Scedosporium causing black maduromycosis. 

Remarks. — -This fungus resembles 5 . apiospernium, with the 
exception that it produces black pigment. It was ably investi- 
gated by Pepere, who grew it on various media, studied it mycologi- 
cally, studied complement fixation with it, and finally obtained 
successful inoculations in the anterior chamber of the eye in guinea- 
pigs. 

Pathogenicity. — It was found in a case of black maduromycosis 
in a peasant, aged thirty-three years, living at Domusnovas, in the 
province of Cagliari, in Sardinia. 

SUBORDER 4. PHIALIDINlfiE Vuillemin, 1910. 

Definition. — -Conidiosporales with conidia borne on phialides. 

Remarks.— As already stated, the species of Aspergillus, Sterig- 
matocystis, and Penicillium in which asci are unknown could be 
classified, here but we will only consider Scopulariopsis, which is 
closely related to Penicillium. 

Genus Scopulariopsis Bainier, 1907. 

Synonym. — Penicillium pro parte. 

Definition. — Phialidalineae resembling Penicillium, with un- 
branched erect conidiophores, bearing phialides, which carry a chain 
of large ovoid or roundish spores. 

Type S^^Qi^s.Scopulariopsis hrevicaulis Saccardo, emendavii 
Bainier, 1907. 

Remarks. — In addition to those found in man, 5 . rubellus Bainier, 
1907, S. rufuhis Bainier, 1907, S. repens Bainier, and S. communis 
Bainier, are known. 

Species found in Man.— Two species are found in man, which may 
be differentiated as follows : — 

A. With white creamy formation in old cultures — Blochi. 

B. Without such formations in old cultures — Noningii, 
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Scopulariopsis blochi Matruchot, 1911. 

hlochi Matruchot, 1911 ; Scopula- 
riopsis blochi Vuillemin, 1911. 

Found by Bruno Bloch in a case of gummatous lymphangitis, 
clinically very similar to an ordinary case of sporotrichosis. In 

cultures the mycelial threads are slender 
(o*5 to 1-5 ^ in breadth), colourless, sep- 
tated, very little ramified. Conidi ophores, 
20 to 30 juL in length, are tapering, and 
from the pointed ends chains of conidia 
take origin. Conidia elongated, ovoid, 
3 to 4 in length and 1-5 to 2 in 
breadth. In old cultures white-creamy 
formations may be seen, which may 
possibly be undeveloped perithecia. 

Scopulariopsis koningii Oudemans. 
Synonyms. — Monilia koningii Oudemans; 
Scopulariopsis rufulus Bainier; 5 . koningii 
Vuillemin, 1912. 

A scopulariopsis isolated by Yanin in a case of subcutaneous gummata has 
been identified by Vuillemin as 5 . koningii Oudemans. The cultural characters 
are very similar to those of the previous species, but the peculiar white-creamy 
formations as observed in old cultures of S. blochi are not seen. Boucher in 
cases of gumma -like swellings in Madagascar has isolated a species which he 
calls S. ivorcnsis> 



Fig. 610. — Scopulariopsis 
blochi Matruchot. 
(After Vuillemin.) 
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FEVERS 


DIVISION I. CAUSATION PROTOZOAL OR PROBABLY PROTOZOA L. 

Subdivision A; Carried by Mosquitoes. 

The Malarial Fevers. 

The I'ropieal Haemoglobinurias. 

Yellow Fever. 

Dengue and Allied Fevers. 

Subdivision B: Carried by Sand Feies. 

Pappataci Fever. 

Subdivision C: Carried by Tsetse Flies, Cone-nosed Bugs, and 
Unknown Arthropoids. 

'Jlic African Trypanosomiases. 

The South American Trypanosomiasis. 

The Ivala-Azars and Pscudo-Kala-Azars. 

Subdivision D: Carried by Lice, Ticks, and Mites. 

I'he Ji(‘lapsing Fevers. 

'J'yplnis Fever. 

'J'iie S[)otted Fever of the Rocky Mountains. 

'J'sii 1 s u gamu shi I'T' ver . 

SiTBDivisioN E: Carried by Mammals. 
ivat-Bite and Cat-Bite Fevers. 


DIVISION II. CAUSATION BACTERIAL OR PROBABLY BACTERIAL. 

The ‘ Enteroidea ' Group of Fevers. 

Plague. 

IJndulant Fever. 


DIVISION III. CAUSATION PHYSICAL OR PROBABLY PHYSICAL. 
Heat Stroke and Heat Syncope. 

DIVISION IV. UNCLASSIFIED, COSMOPOLITAN, AND WAR ZONE 

FEVERS. 

DIVISION V. DIFFERENTIAL DIAGNOSIS. 
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CHAPTER XL 

THE MALARIAL FEVERS 


General account —Quartan fevers — Tertian fevers — Subtertiaii fevers — 
Pernicious malax :? — Chronic laalaria — Relapses— Kcinfections — Coinpli- 
cations — Sequelae — Diagnosis — Prognosis — Treatment — Prophylaxis — 
References. 

I. GENERAL ACCOUNT. 

Definition. — The malarial fevers are a group of specific fevers of 
protozoal causation, being due to infections wiih the parasites 
Plasmodium malarice (Laveran, i88i), which produces the quartan 
fevers, Plasmodium vivax (Grassi and Feletti, 1&90), the agent 
of the tertian fevers, and Laverania malarice (Lavcran, 1890), the 
exciting cause of the subtertian fevers, which are carried from 
man to man by the agency of many species of anophcline mosquitoes. 

Nomenclature.— The name ‘ malaria ’ is derived from two Italian 
words, mal aria, meaning ‘ bad air,' and was intended originally 
to signify that the bad air arising from marshes was the cause of the 
fevers. 

Synonyms. — English Names : Ague, paludism, marsh fever, 
remittent fever, intermittent fever, climatic fever, jungle fever, 
coast fever. 

French Names : Fievre palustre, paludisme, hevres paludiennes, 
fievres des marais, impaludismc, hevres malariques, hevres tellu- 
riques. 

Italian Names : Paludismo, malaria, febbre intermittent e, febbre 
palustre, febbri malariche, febbri di stagionc, febbri d'aria, infezionc 
malarica. 

German Names : Wechselheber, KaltesFieber, Intermittens, Sumpf- 
heber, Klimaheber, Marschheber, Kaltes Fieber. 

Local Names. — In all countries local names have been applied 
to the malarial fevers — for example, Roman fever. Sierra fever, 
fever of Batavia, Kiirunegala fever (Ceylon), Dambul fever (Ceylon), 
Kamerun fever. 

Seasonal Names. — As malarial fevers are more abundant in spring 
than in winter, and still more so in summer and autumn than in 
spring, it is natural that seasonal names should be applied to them 
— e.g., spring fevers, summer to autumn fevers, autumn fevers. 

Remarks. — The malarial fevers cover such a wide held of clinical 
symptoms and pathological phenomena that it is necessary hrst 
of all to give a general account, which will comprise such subjects 
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asaetiology, climatology, pathology, chemical pathology, anclmoibul 
anatomy, and then to consider the type of fever caused by each of 
the three parasites mentioned above— viz., the quartan fevers j the 
tertian fevers, and the subterlian fevers — in their t^^pical and atypical 
acute phases. Having completed this, we have still to consider the 
subject of chronic malaria, and we are then in a position to review 
the complications, sequelae, diagnosis, and prognosis. Finally, the 
important matters of treatment and prophylaxis rnusl be discussed. 

It maybe thought that it would be better to write three separate 
chapters detailing wliat is known, considering the three types of 
fever separately: and though scientifically this would be more 
accurate, still, clinically it would not benefit, because it is in its 
atypical forms that malaria is mostly seen by the physician of to- 
day, and therefore clinically it is better 1o treat the malarial fevers 
togellier and not separately. 

It is, liowever, necessary to preface the account of th(' disease 
with a very short note on the history, in order that the reader may 
understand the salient features of tlie evolution of knowledge with 
regard to it. 

History, — It is suggested that the references in the ' Charaka-Samhita ^ 
to fevers spread by mosquitoes refer to malaria, and that this fever was 
recognized at the tim(^ of Homer. 

In any case, Hippocrates clearly distinguished intermittent from continuous 
fevers, while among the former he noted the tertian and quartan types, and 
observed their frequency in summer and autumn and their occurrence near 
stagnant water and after rains. In iiO b.c. Varro drew attention to the 
relationship between malaria and marshes, a fact so well realized in the Middle 
Ages that illustrations arc given of mosquito-nets as the only way to live near 
those colk'ctions of watcu*. 

We thus see tliat very early in the history of medicine mosquitoes were 
associated with fever, which was also associated with stagnant water, and 
that fevers were divided into the intermittent and the continuous. The intro- 
duction of cinchona bark into medicine, as noted in Chapter I., made a distinc- 
tion as to those fevers which are and those which are not curable by that drug, 
and this was emphasized by the cure of ‘ Le Grand Dauphin ’ in the days of 
Louis XIV. Tlic medicine used in this celebrated case appears to have been 
cinchona bark soaked in Rhine wine and presumably strained, and having 
a small quantity of tincture of opium added thereto. 

The pernicious fevers were brought into special prominence by Torti, in 
1712, in his celebrated ‘ Thcraputice Specialis Mutinae.’ 

As to the actual cause of the disease, it was believed to be minute forms of 
animal life arising in the exhalations from decaying vegetal matters in marshes. 
This is the miasm theory of malaria, which was fully accepted until modern 
times, but in 1847 Meckel noticed hlack..pigmeait ,(hsemozoin) in the organs of 
people dying from malaria. There was much (Iiscus"§i’6riHs to the origin of 
this pigment, till, in 1881, Laveran discovered the parasite of malarial fever, 
and thus laid one of the principal foundations of modern tropical medicine. 
Golgi in 1 886 demonstrated its life-cycle in man, showing the relationship 
between the attacks of fever and the sporulation of the parasite, as well as the 
origin of the haemozoin. Golgi's researches firmly established the parasites 
of quartan and tertian malaria — i.e., Plasmodium malavice and P. vivax — 
while Marchiafava and Bignami in 1891 demonstrated the existence of 
Laverania malaricB and its relationship to subtertian malaria. 

During these researches the presence of the peculiar crescent bodies in cases 
of subtertian infection became known, and caused much speculation; and it 
was now that King, in 1883, suggested anew that mosquitoes might be the 
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carrier of malaria, a suggestion which we have already noted to be present 
at the dawn of written medicine. In 1884 Laveran pointed out that Manson*s 
researches on filariasis opened a possibility that malaria might be conveyed 
in the same way, but these suggestions did not lead to anything, and it was 
not till Manson, in 1894, emphasized the importance of this possibility that 
any serious notice was taken of the problem involved. In 1808 Ross, working 
on Manson’s hypothesis, discovered the important fact that the malarial 
parasite could grow in the stomach of a mosquito, and eventually traced out 
the whole cycle of the parasite of bird malaria in that insect, and tliis was 
subsequently completed as regards the human parasite by Grassi, and con- 
firmed by Marchiafava and Bignami with regard to the infection in man. 

Experimental proof of the truth of this carriage was effected by Manson 
producing typical attacks of malaria, in persons who had never left England, 
by anopheline mosquitoes infected with the parasites in Italy, and by Low 
and Sambon living during the malarial season in the Roman Campagna, with 
no other protection except good anti-mosquito measures, and faihng to 
become infected with the disease. 

We therefore have reached this stage of knowing the paiasitic cause and its 
life-cycle in man and the mosquito, but there are some things which we do 
not know, and these are the reason of the persistence of ihe in^'ecUon, in spite 
of quinine therapy, in some people, while 'bthers are tvithout doubt cured, 
ahd'the reasoti why the disease appears at times as epidemics. There can be 
no doubt that the realization of a reservoir for the dise.'^.sc is most important, 
and there is equally no doubt that this reservoir is man, especially native races, 
and perhaps more especially the children of native races. 

The following additional points appear to us to require further study: — 

I. The form in which the malarial parasite lies dormant in the human body 
(with special reference to the parthenogenesis of the macrogametocyte) . 

The question of parthenogenesis is still much debated. Neeb has investi- 
gated it in L. malavicB, and has contrasted it with the schizont stage of the 
same parasite as follows : — j 

Character. Segmenting Macrogametocyte. Schizont. 


Size 

Shape . . 
Chromosomes 


Cytoplasm 

Haemozoin 


Almost fills the erythro- 
cyte. 

Oval, not quite centrally 
situated . 

Large, coarse, purplish- 
brown in red -violet basis, 
which runs in a band-like 
curve along periphery. 

Resembles that of a typical 
macrogametocyte. 

Coarse yellowish - brown 
granules excentrically 
placed. 


I Fills about two-thirds of 
i the erythrocyte. 

I Circular, and centrally situ- 
j ated . 

I Small, fine, separate, pur- 
! pie, arranged in a circle 
! around the haemozoin. 

! 

I Resembles that of the tro- 
phozoite. 

Fine, dark brown or black 
granules, usually concen- 
trated into one centrally 
placed clump. 


Thompson believes that Schaudinn probably mistook for parthenogenesis 
a double infection of a corpuscle with a gametocyte and a schizont. 

Ross believes that the ordinary asexual forms persist in the blood in small 
numbers, and, undergoing schizogony, are sufficient to account for the in- 
definite persistence of the infection. Karrewij has found parthenogenesis to 
occur in P. vivax at the height of the febrile attack. 

2. Whether Schaudinn is correct in believing that the eggs of the mosquito 
can become infected, and, if so, whether that infection is capable of being 
spread by the next generation of mosquitoes. 



1132 


THE MALARIAL FEVERS 


With regard to this point the tendency at present is to believe that Schau^ 
dinn's observations will not be confirmed. 

3. Whether any mosquito other than the Anophelinse carry the parasites. 

So far, no evidence in favour of this has been brought forward. 

4. Whether there is any animal other than man in which the parasites live 
in nature. 

The investigations of Fermi and Lumbau in 1912 are steps in answering 
tills question negatively, but many more observations in difierent countries 
are necessary before a final answer can be given. Mesnil has succeeded in 
infecting an orang-utan with simple tertian malaria. The attacks of fever 
in this animal were mild, but for several weeks typical parasites were found. 

5. Whether there are any malarial parasites of man which have so far not 
been recognized. 

Thus Stephens has insisted upon Plasmodium ienue, which does not appear 
to us to be specifically distinct, and Oswaldo Cruz has invited attention to a 
peculiar quartan type of parasite found in the valley of the Amazon and 
associated with cedetna of the legs as a pronounced symptom. Laloir’s parasite 
is mentioned in the next chapter, and several other observers have described 
new varieties of the malarial parasites which require confirmation. 

6. Usually it is believed that all fevers regularly recurring every third or 
fourth day are malarial, but this, while correct as a general rule, is open to 
doubt in certain instances, and in any case requires careful watch. 

.®tiology. — The aetiology may be divided into: — 

I, The Exciting Causes. 

II, The Predisposing Causes (p. 1142). 

I. Exciting Causes. — Malarial fevers are produced by the para- 
^\i^^Flasmodhim malaricB Laveran, 1881, P. vivax Grassi and Feletti, 
1890, and Laver ania malarice Grassi and Feletti, 1890, because they 
arc always found in the blood or organs of persons suffering from 
the disease, and can be injected into healthy persons, producing 
in them typical fevers, the different stages of which correspond to 
the stages of the life-cycle of the parasite. These parasites can be 
spread from human being to human being by mosquitoes, in whose 
bodies they undergo development as already described. Infected 
mosquitoes can convey the parasites to healthy persons, living in 
either non-malarial or malarial climates, by their bites, producing 
attacks of fever typical for the type of parasite with which the 
mosquito was infected. The classical experiment is the infection 
of Sir Patrick Manson’s son with tertian malaria by means of infected 
anophelines sent from Rome to London. 

There are, therefore, three factors necessary for the production 
of malarial fever: (i) the blood parasite; (2) the mosquito; (3) man. 

I. The Blood Parasite. — We have drawn atlention to three para- 
sites in connection with malaria, and we believe these to be the only 
three at present known to cause the fevers, but it is necessary to say 
that this view is by no means universal. Some authorities believe 
in a quotidian form of fever due to a species of Laverania, or to two 
separate species of the same genus. These parasites, however, if 
they exist as distinct species, which we believe to be very doubtful, 
have not come within our observation, and we therefore agree with 
those writ erswho only acknowledgethethreetypesmentioned above. 

The descriptions of the structure and life-histories of these para- 
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sites have been given in Chapter XXI. (p. 504), and need not be 
referred to here. 

Infection. — The parasites are introduced into the human body 
as sporozoites, which pass from the salivary glands down the hypo- 
pharyngeal canal of the mosquito’s proboscis into the blood when 
a human being is bitten by an infected anopheline. 

Incubation. — Once in the blood, three possibilities confront the 
parasites: they may either be killed and no infection result, or they 
may remain dormant in some form in the spleen, and not develop 
until predisposing causes, by lowering the vitality, give them oppor- 
tunity, or they may at once proceed to develop and give rise to fever. 

In this latter event, there is usually an interval between the period 
of the bite and the attack of fever, for it is evident that in order to 
influence the metabolism of the body so profoundly as to produce 
a rise of temperature a certain amount of toxin must be generated. 
This requires a definite number of parasites, and hence the incuba- 
tion period may be short if many parasites are simultaneously 
inoculated by the mosquitoes, or long if but few. As a rule it may 
be said that some nine to twelve days are required for the develop- 
ment of a sufficient number of parasites to produce fever. Acton 
gives the following table of the length of the incubation period: — 


Parasite. 

Maximum in 
Days. 

Minimum in 
Days. 

Average in 
Days. 

Quartan 

Tertian 

18 

21 

1 1 

6 

14 

1 1 

Subtertian . . 

14 

2 

6 


During the incubation period, however, there may be slight 
symptoms of lassitude, or pains in various parts of the body coming 
on at regular intervals, and often not much regarded, as they may 
pass off quickly. We are inclined to consider these as being due to 
parasites as yet not numerous enough to produce fever, and we 
think these symptoms of importance, as an attack of fever may be 
prevented by the prompt administration of quinine. This subject 
will, however, b^ further discussed under the Pathology of Latent 
Malaria. 

The Fever . — The life-history of the parasite has a definite re- 
lationship to the disease, as can be noted by studying the diagrams. 
The rise of body temperature is always associated with the sporu- 
lation of the parasite and the liberation of pyrogeiietic toxins, the 
apyretic interval with the growth and maturation of the parasites 
in the red corpuscle. This point has been recently carefully studied 
by Ross and Thomson by their enumerative methods, and they 
find that there is a distinct correlation between the number of the 
asexual forms found in the peripheral blood and the fever, and that 
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no fever exists unless these forms exceed some hundreds per cubic 
centimetre of blood. These forms persist through the apyretic in- 
terval before a relapse, but in small numbers, which increase for 
some days before the relapse takes place. The pigmentation of the 
cells and organs is due to the haemozoin liberated by the disruption 
of the infected red cell. The liberated spores attack new erythro- 
C3des, and so tlie numbers of the parasites may increase, until in 
certain pernicious cases it appears as though the majority of the 
red cells were infected with parasites, and, indeed, two or more 
may be noted in one cell. Such a condition must, of course, lead 
to death. 

But this does not by any means always happen; for it is well 
known that a malarial, especially a quartan fever may wear itself 




Fig. 6ii. — Plasmodium vivax. 

(X 1,000 Diametkrs.) 

Scliizont or sporulation stage 
is shown enclosed in a red blood- 
corpuscle, which will presently 
rupture and liberate the pyroge- 
netic toxins, wliich will cause the 
iever. At the same time the 
merozoites and haemozoin will 
be liberated. 

(From a photomicrograph 
by Norman.) 


out, the attacks becoming less and 
less severe until they cease. 

This would appear to be due to 
acquired immunity, which no doubt 
explains the known fact that the 
European in West Africa on first 
arrival generally suffers from repeated 
attacks of fever, but he gradually 
becomes partially immune, and can 
then live there, with care, for years. 
Further, it would certainly explain, 
in part, the relative immunity of the 
native races in that region who are 
infected from earliest childhood, and 
no doubt this is the true cause of the 
racial immunity which some allege 
to exist. It is now known that 
the merozoites can, although very 
rarely, penetrate the placenta, and 
infect the foetus, giving rise to con- 
genital malaria. 


by Norman.) The three parasites produce very 

different results, apparently due to 
their habitats. Thus Plasmodium malaricB and P. vivax as a rule 
live mainly in the circulating blood, in which the former sporulates, 
while the latter develops in the spleen; their toxins will therefore 
produce general symptoms. Laver ania malarice, on the other hand, 
seems to affect the red corpuscles so profoundly that they are liable 
to adhere to the walls of the capillaries of the organs in which the 
parasite sporulates. Hence this parasite may produce severe 
local symptoms, due to the mechanical blocking of capillaries or to 
the more intense local action of the toxin, or to both of these causes, 
and therefore it is associated with what are called the pernicious 
fevers — that is to say, the fevers which produce severe effects on one 
or more organs — e.g., on the brain, causing coma or paralysis; or on 
the pancreas, causing haemorrhagic pancreatitis. 
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^At the onset, all tliree types of fever are apt to be irregular, 
because the parasites are of different ages, due to the different 
times of inoculation, but they settle down to a regular type, possibly 



Fig. 6i2. — Diagram of a Temperature Chart in Simple Tertian 
Malarial Fever. 

I, Scliizont, with commencing sporulation; 2, sporulaling schizoiit; 
3, young trophozoite; 4, 5, trophozoites; 6, sclhzont. 


because the amount of antitoxin generated is able to kill off those 
parasites which do not conform to the age-period^of the majority. 
Sometimes, however, two distinct broods may exist, producing 
double fevers, or three distinct broods, causing triple fevers. 




Fig. 613. — Laverania malarice. 

Diagram showing parasites in red 
corpuscles blocking a brain capil- 
lary in the cerebral type of pernici- 
ous malaria. 


Fig. 614. — Laverania malarice. 
(X 250 Diameters.) 

Photomicrograph showing para- 
sites in situ in red blood cells blocking 
capillaries of the brain. 

(After Norman.) 


The malarial parasite acts not merely by destroying the cor- 
puscle in which it lives and by altering the metabolism of the 
body by the pyretic toxin of Rosenau and his collaborators, but it 
also has a haemolytic toxin, first described by Casagrandi and De 
Blasi, which destroys the red corpuscles, thus throwing more work 
on to the liver and leading to excessive formation of bile, with, as 
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a restift, diarrhoea and urobilin in the urine. ft the blood-destruc- 
tion is excessive, the liver is unable to convert the whole of the 
hsemoglobin liberated into bile, with the result that some may be 
left unaltered, and may produce haemoglobinuria. 

It appears, however, that an antitoxin is quickly formed, of the 
nature of an anti-auto-complement, which neutralizes this haemo- 
lysin, and it further appears, from the experiments of Casagrandi on 
pigeons infected with HcBmoproteus {H alter idium) , that the anti- 
toxin may be a cause of the natural disappearance of the parasites 
and the cure of the disease. Of course, this antitoxin is produced 
by the cells of the body, and anything which lessens its formation, 
such as starvation, gives the parasite a chance to grow and cause 



Fig. 615. — Diagram of a Temperature Chart in Double Tertian 
Malarial Fever. 


The fever of the first and third days is due to one brood of parasites, and 
that of the second day to another brood. 

I, Schizont of first brood; 2, sporulating schizont of first brood; 3-5, tro- 
phozoites of first brood; 6, scliizont of first brood; A, schizont of second 
brood; B, sporulating schizont of second brood; C~E, trophozoites of second 
brood; F, schizont of second brood. 

disease. Thus Casagrandi found that out of twenty-one birds 
infected in 1904, ten were still infected in 1905. On semi-starving 
two of these, he produced relapses, while two others treated with 
antitoxin obtained from guinea-pigs inoculated with pigeon's blood 
did not relapse. 

It will thus be seen that a relapse may be due entirely to pre- 
disposing causes which lower the vitality of the body and prevent 
the production of sufficient quantities of the antitoxin. 

Besides the difference pointed out above as to the place of sporula- 
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tion, there is also a great difference in the time occupied by the cycle 
of schizogony. Plasmodium malaricB requires seventy-two hours 
to complete its schizogony, or, in other words, it wid liberate its 
toxins and cause an attack of fever in its human victim every 
seventy-two hours, while in an infection with only one brood of 
parasites the intervening period will be without fever. This inter- 
mission is so marked that it was noted by the ancients, and formed 
one of their types of intermittent fever, and as the attack of fever 
occurred on the fourth day, after an interval of seventy-two hours, 
it was called a ‘ quartan,’ or fourth-day fever, and as such is clearly 
described by Hippocrates. Plasmodium vivax requires forty-eight 
hours to complete its schizogony, and in single infections pro- 
duces fever every forty-cigiit hours — i.e,, on the third day- -and 
therefore this type of fever is called ' tertian.’ 

Lavevania malaria}, on the other hand, does not appear to be so 
regular in the time of its schizogony, and may reqiiiie fcom thirty- 
six to forty-eight hours for the purpose; but though typically pro- 
ducing a tertian fever, the effects due to its spor^Tlation in the organs 
arc much more severe and protracted than those produced by 
P. vivax. Clinically, therefore, tliere are two types of tertian 
malarial fever — a benign and a malignant. The former, caused by 
P. vivax, is generally called ' tertian malarial fever,’ while the latter, 
caused by L. malaricB, is called ' subtertian malarial fever,’ or 
malignant tertian. 


In addition to these clearly defined parasites, others have been described 
by various authors, and have been named Hcdmamosba pvcBcox and H. immacu^ 
lata by Grassi and Feletti. The former was said to be pigmented, and the 
latter to be un pigmented. Those parasites require only twenty-four hours 
for the completion of the cycle of schizogony; consequently they cause fever 
every twenty-four hours, wliich is therefore of the nature of a quotidian 
malarial fever.^ Many authorities, with whom we agree, consider these 
parasites to be only stages in the development of Laver ania malaricB. Quoti- 
dian fever can be produced by three broods of P . malaricB, or two of P. vivax 
or L. malaricB, and does not require a special quotidian parasite. Plasmodium 
ienue Stephens, 1913, appears in part to be related to P . vivax and in part to 
L. malaricB, while P. vtvax minutum of EriiJii. P. falciparum quotidianum of 
Craig and Oswaldo Cruz’s parasite require confirmation. 

Therefore, there urc only three parasites and three classes of fever 
to be considered — viz. i (i) Plasmodium malaricB , causing quartan 
malarial fever; (2) P- vivax, causing tertian malarial fever; 
(3) Laver ania malaricB, causing subtertian malarial fever. 

2. The Mosquito. — With regard i o the Anophelin^e, we know posi- 
tively that some can carry the germ, while others cannot (see p.^ 883)* 
Further, it appears quite evident that Culex and 
^ot carriers of malaria. Daniels, as we stated, is 

m^iSeTro*s^!?p^T!T^^ as being possible disseminators ot 

malaria in jungles, but there is no complete proof of this. Therefore 
w^e have at present only the Anophelinie to consider. 


For the various species of the Anoplielinae which are 
known to carry malaria see Chapter XXXV., p. S83. 


more or less definitely 




72 
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The presence of Anophelinae, however, does not indicate that 
there must be malaria in the locality, an important point to which 
Celli was the first to call attention. 

England, for example, though it possesses three species of the 
Anophelinae — viz., Anopheles maculipennis Meigen, i8i8; A, hifur- 
catus Linnaeus, 1758; and A, nigripes St., of which the two former 
certainly can carry malaria — is practically free from the disease. 
Nuttall, Cobbett, and Strangeways-Pigg believe that this condition 
has been arrived at by the reduction of the numbers of the mos- 
quitoes by drainage. 

Since the war, however, a certain number of indigenous cases of benign 
tertian malaria have been reported. 

On the other hand, there is no evidence of the existence of malaria 
without some of the Anophelime. On the contrary, there is evi- 
dence that where there are no Anophelinae there is no malaria 
(Barbados, for example, as first noted by Low). Further, it is 
highly probable that the endemic malaria of Mauritius and Reunion 
is due to the introduction of Pyreiophonis costalis Loew, 1866, 
as has been pointed out by Ross. There is also the evidence that 
in places where successful anti-anopheline measures have been 
carried out, as in Ismailia, malarial fever has ceased to exist. 

In order that there may be plenty of these insects, there must be 
a certain degree of warmth; for as a rule they hibernate in the 
winter of the temperate zone, coming out i]i the spring, and in- 
creasing in numbers, to reach a maxing um in the warm days of 
autumn. In the tropics, of course, the heat is present all the year 
foMci. Heat alone, however, will not suffice for the mosquito, for 
there must be water for the development of the larva‘ and pupa^. 
Hence, in the dry season in the tropics, thei e may be few mosquitoes 
visible, while their numbers will increase remarkably after the rains. 
In the dry season the mosquitoes and their larvae aestivate, and 
wait for more suitable conditions. 

There is, however, a third factor to be considered, and that is the 
effect of the temperature upon the parasite in the mosquito. For 
ages it has been noted that the fevers due toP. malarice and P. vivax 
occur in the temperate zone in the earlier period of the year— 
in the spring— while the worst fevers, due to L. malarice, do not 
occur until the summer or autumn. This point lias been carefully 
studied by Grassi, Jancs6, Hollander, and others, and the result of 
their experiments tends to show that temperature has most effect 
upon the ookinete before it pierces the wall of the stomach of the 
mosquito and becomes encysted. It would appear that if the 
temperature is below 15° to 16° C., no further development of the 
oocyst will take place in any form of parasite. Further, P. malarice 
will develop at a lower temperature than the other two, while 
P. vivax will also develop at a low temperature, but L. malarice 
requires a distinctly higher one. 

This may be the reason of the scarcity of L. malarice in the tem- 
perate zone, except in the summer and autumn, and its common 
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occurrence in the tropics, and, possibly, this is also the reason of 
the rari^^fP. malarice in ^le low country of the tropics, while its 
presence m 

‘"'"Hefe may also lie the explanation of the universal distribution 
of P. vivax in both the tropics and temperate zone; for Jancsb's 
researches show that it can develop through a wide range of tem- 
peratures. 

But these are not the only factors concerning the Anophelinse and malaria, 
for Schaudinn showed that the mosquito eggs may possibly be infected by 
the malarial parasites, and this at once raises the question whether they cannot 
be carried via eggs, larvae, and pupae into a second generation of mosquitoes. 
If so, this would explain some outbreaks of malaria, but so far Schaudinn's 
work has not beeii v^onfirmed. 

Another point of importance is tlie fact that when new lands are 
opened, it is asserted that people suffer more severely from malaria 
than can be explained by any theory brought forward at present. 
For example, it is stated that if a zone of forest on a steep hillside 
be burnt in the dry season, and then cleared by coolies, who return 
every night to the (j[uarters where the other estate coolies also sleep, 
these clearing coolies will suffer severely from malaria, while their 
fellows working on other portions of the estate will be but little 
affected. The explanation of this is not that emanations have 
arisen from tlie soil and invaded the bodies of the coolies — indeed, 
after the descri]y.ion of the life-history of the malarial parasite 
already given, tliis would be a reduciio ad absurdmn — but merely 
that the exposure to tlie sun or the harder work has lowered the 
vitality of these coolies, and has given tlie gfrais already in their 
system a chance to develop. 

It has also long been thought that the mechanical opening of new 
ground by digging produced the disease, but Ross has pointed out 
that in Mauritius the digging of earth for years caused no malaria, 
until some new factor was introduced which occurred in the sixties 
of last century; this factor we now know to have been the introduc- 
tion oi Pyreiophorus cosialis into the island. 

When an attack of malarial fever occurs in a person living in a 
place where there are no Anophelin^e, it is the result of infection 
obtained in some other place where these mosquitoes are to be 
found. 

It may safely be concluded that, as far as our present knowledge 
goes, certain of the Anophelinae ar the only carriers of malaria, and 
upon this public prophylaxis must be based. 

A female mosquito, apparently, can live for at least a month 
(Ross), if not longer. This docs not include such dormant periods 
of its life as the hibernation in the cold or aestivation in dry seasons, 
when it may live for a long time in damp places. 

The eggs of the Anophclinae are laid only in natural collections 
of water supplied with water-plants, such as the back eddies of 
streams, close under the banks, which are especially good breeding- 
places. The young imagines, apparently, do not usually travel, 
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but remain near the place where they are developed. Occasionally 
^hey can be carried long distances by ships, trains, coaches, carts, 
etc., but this is the exception, and not the rule. Windsdonot appear 
to carry them far, as they generally take shelter from a high wind. 
The natural enemies of the Anophelinae are numerous, including all 
insectivorous animals, such as bats and birds, together with fish, 
which eat the larvae. 

The anopheline not merely carries the germ, but because of its 
length of life, a single individual may be capable of infecting several 
human beings; for it must be remembered that there is no proof 
that the mosquito is in any way deletcriously affected by the 
malarial parasite, and in this way it forms a reservoir of infection. 

3. Man. — The female anopheline requires blood for the purpose 
of providing its eggs with sufficient nourishment, and will, therefore, 
bite any vertebrate it may come across in order to obtain the same. 

The malarial parasites have, so far, only been found in man, and 
hence, until they are found in some other vertebrate, we are not 
justified in assuming that the anophelines can obtain them from 
any other source. In the tropics the native population is un- 
doubtedly the great source of the gametocytes by which the infec- 
tion of the mosquito is brought about, because the majority of 
them do not protect themselves against mosquito-bites. Of the 
native population, the children are the greatest source of infection, 
because, as has already been explained, the adults obtain a partial 
immunity. But in considering the native as a source of infection, 
care must be taken not to forget the European, whose blood is 
sometimes swarming with gametocytes. 

Ross has pointed out that, in considering the amount of malaria in a par- 
ticular locality, imported cases must be distinguished from indigenous cases, 
and that the latter should be further classified according to the month in which 
they are infected. Ho has also attempted, by mathematical formulae, to 
investigate the infection-rate of the disease, which method he terms ^ patho- 
metry *; but it is very difficult to obtain the necessary data for these calcula- 
tions. He points out that the number of infections in a given locality during 
a given period depend upon — 

1. The number of persons with gametocytes in the blood. 

2. The number of anophelines which have bitten these people and become 
infected. 

3. The number of infected Anophelines which live long enough to transmit 
the infection — i.c., at least a week. 

4. The number of these surviving infected Anophelines which get the chance 
of biting man again. 

It is by no means easy to determine, even approximately, in a district the 
numl^er of Anophelines capable of carrying malaria; but an attempt might 
be made to follow Ross, and determine the output from one or two of the 
more important breeding-place.s by enclosing a given area with mosquito- 
netting, and counting daily the numbers of Anophelines which hatch out. A 
calculation of the areas of the breeding-places, together with the numbers 
hatching per diem, will give a rough estimate of the increase during that time. 
Associated with this, a census may be taken of the Anophelines found inside 
damaged mosquito-curtains very early in the morning. This is a method we 
have used in Tropical Africa and found of service, for it supplies not merely 
the number of the Anophelines, but also the percentage which are infected, 
though of course the error is likely to be considerable. Ross proceeds to show 
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mathematically that the increase or diminution of the malaria really depends 
upon the ratio to the population of Anophelines capable of carrying the para- 
site; and also how an epidemic gradually increases, and how it diminishes 
when the Anophelines are reduced; and proves that, in order that there may 
be a reduction of the malaria in man, there need only be a reduction in the 
numbers, and not an extermination of the Anophelines. which is what would 
appear to have happened in England, and to be the cause of the disappearance 
of malaria therein. 

Investigation of an Endemic Region.— In investigating malaria in 
an endemic region, it is necessary to find out — 

1. The specific diagnosis of the parasite or parasites causing the 
malaria. 

2. The population of the area. 

3. The average number of infected persons. 

4. The average number of infected persons carrying the gamete- 
cytes in their blood. 

5. The species of Anophelime in the district, and the-ir breeding- 
grounds. 

6. The species which carry the parasite. 

7. The species in which the parasite is foiinci in nature. 

8. The number of Anophelines in the affected area. 

No remarks need be ottered with regard to i, 2, 4, 5, 6, and 7. 

Withregardto 8, themetliod suggested by Ross should be adopted; 
and as regards 3, the quickest and the best method is to estimate 
the spleen-rate, but it must be remembered that the spleen is palpable 
in 1*07 to 2 per cent, of iion-malarial children living in London. 

Ross suggests that the term ' endemic index,' wliich was intro- 
duced by Stephens and Christophers to denote the percentage of 
persons carrying parasites in their blood, should be extended to 
include not merely that factor, but also the proportion of people 
with spleens enlarged by malaria. 

He therefore proposes that the endemic index should be made up 
of a parasite-rate and a spleen-rate, of which the latter is the more 
convenient, and if applied to children under fifteen years of age, is 
useful, provided that kala-azar does not occur in the locality in- 
vestigated. Children are chosen because the adults have acquired 
a partial immunity, as already explained. 

But the endemic index as defined by Ross is sure to be higher 
than the mere spleen-rate, and therefore the blood must be ex- 
amined in the children whose spleens are not enlarged, and the 
parasite-rate must be added to the spleen-rate to obtain the true 
endemic index. 

In all calculations such as the above, the statistical error must be borne in 
mind, and Poisson's formula, or the modification by Pearson which Ross 
recommends, must be applied. 

Let N=:total number of children under fifteen years of age in a locality. 
w=number examined for spleen-rate. 

;»r= number with enlarged spleen. 

“ ioo=spleen-rate. 

-%=r percentage of error. 
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Then by the Poisson-Pearson formula the percentage error will be : — 


, 0 / _-2oo /‘zx{n - ^ 
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Latent Malaria. — This term is employed to denote cases in which, 
without any sign of illness, malarial parasites can be found in the 
blood in small numbers. These cases form a reservoir of transmis- 
sion to tlie aiiopheline. Craig states that out of 1,267 cases in 
which malarial parasites were demonstrated in the blood, 21 per 
cent, were latent, and the majority of these were found to be caused 
by the subtertian parasite. 

Congenital Infection. — The question of congenital malaria has 
been much debated, but Dumolard and Viallet have recorded a 
case in which a woman suffering from malaria gave birth to a child, 
in wlpch blood from the umbilical cord during life and from the 
heart after death contained malarial parasites identical with those 
in the maternal blood and placenta. A similar case has been 
recently re])orte(l by Leger. 

II. PrkdisposinCx Causes. — These may be classified into: — 

1. Those which promote infection with the parasite. 

2, Those wliich promote the increase of the parasite in man after 
its inoculation. 

1, Those which Promote Infection with the Parasite. — 
The first of these is residence in an area which contains not merely 
persons with garnet ocytes in their blood, but also mosquitoes 
capable of carrying th(^ disease, associated with an atmospheric 
temperature suitable for tint development of the parasite in the 
mosquito. 

The second is any cause which produces large numbers of mos- 
quitoes capable of spreading the disease. This will be not merely 
a suitable air-temperature, but also moisture. Hence low-lying, 
marshy places, and the wet season, are important predisposing 
causes. 

The third is occupation, for this may compel people to live in 
malarial countries, to reside in the low-lying marshy portions of the 
same, to work in rice-fields covered with water, etc. Age is a pre- 
disposing factor, as mosquitoes have more opportunity of biting a 
young child than an adult. Sex has no influence. 

2. Those which Promote the Increase of the Parasite 
after its Inoculation. — These predisposing causes are subdi- 
visible into: {a) racial; [h] personal; (c) meteorological. 

{a) Racial , — There is no doubt that the native races suffer less 
than an immigrant race in a tropical country, where there is always 
malaria present, and this we believe to be mainly due to the acquired 
partial immunity of the native races, as already explained. 

[h) Personal . — It will be obvious from the above remarks that the 
parasite cannot produce the markedly deleterious effects which we 
term malarial fever, unless there be a sufficiently large number 
present. Further, there appears to be a tendency on the part of 
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the body to manufacture protective substances, which keep the 
growth of the parasite in check. Anything, therefore, which inter- 
feres with the production of these checking materials will enable 
the parasite to grow and multiply, and will thus become a predis- 
posing cause of the disease. Such conditions are: (i) chills; 
(2) starvation or overfeeding; (3) the onset of another acute disease; 
(4) the presence of some chronic ailment, which may often be but 
slight. 

(c) Meteorological . — We have already drawn attention to the 
relationship between the temperature of the external air and the 
development of the parasites in the mosquito. It now remains to 
point out that a similar relationship exists between that condition 
and the development of the parasite in the human being. 

Ross is of the opinion, not merely from observations upon man 
infected with malaria, but also upon fcds infected with H alter idium, 
that high air-temperatures arc favourable to the increase of the 
malarial parasites in man. Pligh air-temperatures are therefore a 
cause of the relapses met with so frequently in the hot dry season 
of the tropics. 

The reverse is also true; hence the benefit of sanatoria at high 
altitudes in the tropics, and also of sending a fever-stricken patient 
to cooler climates, provided the change from the hot to the cold 
climate be not sudden, but gradual. 

Climatology. — The geographical distribution of malaria is deter- 
mined by a combination of the conditions suitable for the production 
of large numbers of mosquitoes capable of carrying the germ, and of 
those suitable for the development of the parasites in the mos- 
quitoes, together with the presence of human beings with numbers 
of garnet ocytes in their blood. 

The virulence in one region more than in another may depend 
upon the type of parasite. Thus, Laverania malarice, which is a 
more virulent parasite thiin Plasmodium malarice orP. vivax, being 
very common on the West Coast of Africa, renders that area 
peculiarly dangerous. 

Generally speaking, malaria is most prevalent in the region of the 
Equator, and diminishes gradually north and south till the Arctic 
and probably Antarctic Circles are reached. The malarial area lies 
between 63° north latitude (mean summer isotherm of 15° to 16° C.) 
and 35'' south latitude. Its geography may alter considerably in 
the course of years. Thus regions in England, Holland, France, 
Germany, and Austria-Hungary are much less malarial than they 
formerly were. On the other hand, it has been known to affect 
countries which at one time were immune. Thus Ross says that 
he believes that Mauritius was infected in the early sixties of last 
century by the introduction of a mosquito capable of spreading the 
disease, and hence the epidemic which occurred in that island. 
Reunion is another example. Barbados is said to have no malaria 
and no anophelines. Therefore the geography to be described is that 
known to exist at present. 
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Africa. — ^The worst malarial region in the world is probably the 
West Coast of Africa, from Senegal to the Congo, but the whole of 
Africa, except portions of Cape Colony, is malarial. 

Asia. — Malaria is widespread throughout Asia, being very 
marked in certain districts of India, especially the swampy land at 
the foot of the Himalayas, in Ceylon, and Borneo; while Arabia, 
Syria, the Straits, Siam, and China are also malarial. Little is 
known about Siberia. 

Australasia and Polynesia.— -Malaria occurs in the north of 
Western Australia, the Northern Territory, North Queensland, 
TorresStraits Islands, New Guinea, Finschafen, the Solomon Islands, 
and th^ Bismarck Archipelago. 

America. — Malaria exists in Central America, the West Indies, 
•with the exception of Barbados, the coast of the Mexican Gulf, the 
nort,h of South America, including British Guiana, and the north 
of Brazil as far as Rio de Janeiro. Paraguay and Bolivia are 
infected, as are Peru and Chili, but the south part of South 
America is less infected. Many places in the United States are 
malarial, but Canada is not markedly infected, except about the 
northern shore of Lake Ontario, while Greenland is supposed to 
be free. 

Europe. — Great Brilain and Norway arc practically free, but 
most of the other countries have endemic foci, particularly Russia, 
Italy, Serbia, Gre('ce, Turkey, and Austria-Hungary. 

In France malaria ('xisls in tlu^ south and west : in Switzerland in 
the canton of Tessin; in Germany along the course of the Rhine, 
and in tlu^ lowlands watered by the tributaries of the Danube. 
Sweden has also some endemic spots. 

Apart, iKJWever, from mere geograpliical distril)ution, it will be 
obvious that iUc necessary conditions for malarial propagation arc 
best supph\,*d in the tropics, especially near the Equator, where 
thcr(^ is generally a (umsidcTable amount of atmospheric moisture 
and rain as well as heat. 

The wet season has also a great influenc(‘, supplying the necessary 
moisture which at other times may be lacking. The effect of alti- 
tude has already been mentioned. 

Pathology.- — In malaria the body is invaded by protozoal para- 
sites, whicli grow and increase at tln^ expense of the red cells of the 
blood, and in doing so manufacture toxins, of which we know two 
— viz., a pyrogenetic toxin and a haemolysin. 

Red blood cells are found in the whole of the circulatory organs, 
but are generally contained in arteries, veins, and capillaries. In 
two places, liowi'ver- -viz., the spleen and bone-marrow— they come 
intimately into relationship with the parenchyma cells. Whatever 
function the spleen may in future be found to possess as regards 
the malarial parasites, it probably acts as a purifier to the blood 
which passes through it. Perhaps the bone-marrow assists in such 
a function. 

Parasites contained in red cells should, therefore, be able to pa 
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all over the body, and should be found equally distributed, no matter 
what organ is examined. This would be so if the parasite did not 
seriously damage the red cell, and, by its toxins, the endothelium 
of the vessels, especially that of the capillaries, in which the blood- 
flow is slowest. It would appear as though the damage done to 
the red cell by the quartan parasites is not severe enough to cause 
them to be caught in the capillaries. Therefore the whole life- 
history of the quartan is spent in the circulation, and sporulating 
forms can be readily seen in finger-blood. 

Tertian parasites, on the other hand, seriously affect the red cells, 
causing swelling, degeneration, and decolorization. The tropho- 
zoite and schizont stages are easily seen in the peripheral circulation. 
Still, the sporula+ing forms a'-e more common in the spleen, which 
may be looked upon as having filtered them off from the blood 
which passes through it. 

The subtertian parasites act deleteriously on the corpuscles, 
making them smaller and darker. They rarely appear in the peri 
pheral circulation in the sporulating condition, while they abound 
in the spleen and internal organs. On examining the organs post 
mortem, it will be found that the schizont and sporulating forms 
are found in the capillaries, while the trophozoites arc found attached 
to the walls of the arterioles and venules. 

The sporulating parasites give rise to haemozoin, which escapes 
from the corpuscle along with the merozoites, and will therefore be 
most commonly found in those tissues and organs in which sporula- 
tion takes place — e.g., spleen, liver, and bone-marrow — and will give 
them a definite coloration, varying from a reddish-brown to a 
black, according to the quantity present. 

This pigment will, of course, be also met with in the peripheral 
blood, both free and inside mononuclear leucocytes, for, on escaping 
from the parasite,' the h^eniozoin is sSzed mononuclear 
leucocytes, macrophages, and the endothelial cells of capillaries; 
therefore, in acute malaria, it will be distributed evenly through the 
organ affected. The pigment is later conveyed from the blood- 
vessels into the tissues by the phagocytes, and is found in the con- 
nective tissue of the organ close to the bloodvessels. Eventually it 
disapj)ea.rs, being partially digested by the phagocytes and tissue 
cells and partially removed by the lymph. This process, however, 
cannot continue without ceiusing irritation of the connective tissue. 

Not merely does pigment escape from the sporulating parasite, 
but also haemolysin, which damages the red cells, and causes the 
appeeirance of another pigment, yellowish in colour, called ' haemo- 
siderin.' This is deposited in the parenchyma cells of the organs — 
d?.g., the liver — and may perhaps damage them. The presence of 
this hsemolysin has been confirmed by the researches of Simpson. 

Another toxin — this time pyrogenous — also escapes from the 
sporulating parasite, and may be the cause of the hypera^mia found 
in the internal organs — e.g., the spleen and the liver in acute malaria 
— and may also cause the destruction of the parenchyma cells of 
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those organs. After a series of attacks the blood capillaries and 
lymph spaces in the liver and spleen remain permanently dilated, 
and separated by only a slight amount of damaged parenchyma 
tissue. Later, regeneration of the parenchyma takes place, but 
the organ will remain permanently altered, even though all pig- 
mentation may have disappeared. 

In the case of the subtertian parasite, serious local damage may 
be caused to the brain, the intestine, the pancreas, or other organs, 
by tlie parasites massing in the capillaries and forming, with free 
pigment and swollen endothelial cells laden with pigment and 
parasites, regular thrombi, sufficient to impede the circulation, and 
thus to still furtlier damage the toxin poisoned organ. Finally, the 
toxins are excreted by the skin and by the kidney, and in doing so 
may damage the latter organ. 

There are two main conditions, the pathology of which must be 
explained — viz. , acute and chronic malaria. In acute malaria there 
are the effects produced by each of the three parasites, of which the 
subtertian is liable to seriously damage important organs. 

Chronic malaria should also be described according to the three 
types, but there is at present lack of material to evolve such a 
description. Chronic malaria may, however, pass to an advanced 
condition called ‘ malarial cachexia,’ which shows itself in three 
ways — as (i) a rare acute cachexia; (2) a more common chronic 
cacliexia; (3) cachexia with amyloidosis. 

In addition, there are the pathological features of latent malaria 
and tlie relapses. 

Before, however, proceeding to describe the actual morbid 
anatomy of these conditions, a few words must be said upon what 
we know of the chemical pathology of the disease and on the blood 
changes which take place. 

Chemical Pathology. — The pyretogenous toxin has already been 
mentioned among the poisons of animal origin, and, though long 
suspected of being present, its actual occurrence was first proved 
by Roscnaii and Ids collaborators. Probably it is the poison which 
acts deleteriously upon the tissues of the organs and causes meta- 
bolic changes, but this is only a matter of conjecture. 

We know that the heat output in the cold stage of the attack is 
markedly diminished — a condition met with in many fevers — but 
the chemistry of the metabolic changes is but little known. During 
the attack the urine is at first increased in quantity, which is thought 
to be due to the rise of blood-pressure internally, owing to the 
contraction of the cutaneous vessels during the cold stage. Not- 
withstanding this increase in quantity, the specific gravity is raised, 
because of the increased metabolism caused by the toxins, a^ is 
shown by the large increase in solids. The colour is dark, and the 
acidity of the urine is increased, as in most fevers. Nitrogen is 
excreted in excess, which is largely due to the increase of urea. 
Chlorides, sulpliates, and bases, especially potassium, are all in- 
creased in quantity. Phosphates, however, are diminished during 
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the actual attack, but increased as it is passing off, and are con- 
siderably increased in the intermission. Phosphoric acid is there- 
fore retained in the body during the attack. 

As would be expected, iron is excreted in increased quantity, 
probably due to haemozoin and haemosiderin, but this increase does 
not really appear until after the actual attack is over, and then 
continues for some days. 

As before remarked, the urine may contain a considerable quantity 
of urobilin, and the indigo-blue may be also increased. 

Schlesinger’s test for urobilin in the urine is performed by adding to the \ 
unffltBted Tirihe" ah equal quantity of a solution of 10 parts of zinc acetate 1. 
in absolute ^ilcohol, shaking the mixture, and adding a few drops of a solution | 
of lugol, stirring and filtering, when a fluorescence will appear, varying in | 
intensity according t^ the quantity of urobilin present. ^ 

The diazo-reaction is said to be obtainable in about 5*5 per cent, 
of cases. Serum-albumen may be present after severe attacks, and 
proteose has been reported, as well as nucleo-proteid. 

When the intermission comes, the urine diminishes in quantity, 
but nitrogen is still excreted at a higher rate f 'an it should be, 
though less than during the attack. 

Chlorides are diminished, phosphates increased; sulphates, 
though still higlier than normal, are less than during the attack, 
while the excretion of the bases is diminished. The excretion of 
iron is marked, and the toxicity of the urine is said to be considerable. 

During convalescence the most marked features are the polyuria, 
with low specific gravity, which in subtertian fevers may be so 
marked as to alarm the patient, while in quartan and tertian it 
may be so slight as to escape attention. There is also increase of 
chlorides and potassium salts excreted. 

Urriola states that if the urine in malarial cases is centrifuged, four types of 
pigment granules may be found: (i) very fine granules; (2) larger granules 
in groups; (3) large masses; (4) granules in leucocytes and hyaline casts 
It is, however, difficult to exclude extraneous matters. 

As regards the heces, the most noticeable feature is the increase 
in the excretion of bile and iron, both of which are related to the 
blood-destruction. Ross and Thomson have shown that the quan- 
tity of faecal urobilin (stercobilin) shows a marked correlationship 
with the occurrence of the fever, being increased during the attack. 

The sweat of a malarial patient is well known to have a peculiar 
odour, and contains substances very toxic to rabbits. 

The above chemical features point to the fact that the toxins of 
malaria are excreted from the body by the sweat and the urine, and 
that during the fever there is very active nitrogenous, potassic, 
chloride, and sulphate metabolism. 

That there may be other toxins as yet unknown is obvious from 
the fact that the Plasmodia cause marked shivering and a sensation 
of coldness, even though the actual blood temperature is rising. It 
would appear as though this is due to the constriction of the cuta- 
neous vessels by some poison which acts on non-striped muscle. 
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for the arrectores pilorum are also affected, producing goose-skin. 
Laverania malaricdy however, because it sporulates internally, and 
not in the peripheral blood, causes chills more rarely than the other 
two. 

De Blasi has shown that an antihaemolysin is formed in the human 
body, and Casagrandi, as already mentioned, has performed experi- 
ments on Halteridium in birds, tending to show that this substance 
has a restraining power against increase of the parasites. 

The only other remarks we can offer on the chemical pathology are 
limited to the nature ot tlie pigments, hrcmozoir and hsemosiderin. 

H^mozoin. — Hc'emozoin is the black pigrnent formed from haemo- 
globin by the malarial parasites while living in the erythrocytes, 
and is afterwards distributed over the body on the disruption of 
the red cells. It is taken up by phagocytes, as already described, 
and removed from the bloodvessels to the connective tissue, in which 
it can be seen in the liver and spleen. It is soluble in alkalis, 
but not in water, alcohol, chloroform, ether, or acids. It contains 
iron, but in the form of an organic compound, which will not give 
the Berlin-blue reaction. Eventually it disappears from the con- 
nective-tissue cells, but whether it is eliminated from the body or 
used in some altered form we do not know. As it is formed by 
malarial parasites, it is peculiar to the diseases caused by them. 
Brown considers that it is formed by the action of a proteolytic 
enz3nne from the parasite acting upon the hsemoglobin of the 
erythrocyte, and that therefore it is formed from haomatin, a 
conclusion also arrived at by Carbone and V. Ascoli. 

HiEMOSiDERiN. — This is the yellow pigment found in the form of 
yellow granules in the parenchyma cells of the liver, spleen, kidney, 
bone-marrow, endothelium of capillaries, and occasionally in leuco- 
cytes, after any great destruction of blood cells. In malaria it is 
undoubtedly due to the action of haemolysins destroying the red 
cells. It contains iron in the form of an inorganic compound, and 
gives the usual Berlin-blue reaction. It is insoluble in aU^alis and 
acids, but is soluble in alcohol. 

The Blood. — The parasites live in the blood, in which they produce 
changes by their own action and by that of their toxins. 

The malarial parasites, being true blood parasites and living in 
the red cells, form the most important feature of the pathology of 
the blood, but their structure and life-history having already been 
described in Chapter XVII., it only remains to estimate their 
numbers. 

Ross estimates that a medium-sized person of 68 kilogrammes 
(150 pounds) body weight possesses 25,000,000,000,000 er3rthrocytes. 
In a severe infection he estimated the parasites as numbering 12 per 
cent, of the corpuscles — i.e., 3,000,000,000,000 — and, further, he 
considers that if they fall below i to 100,000 corpuscles — i.e., 
250,000,000 — they will cause but little disease. Certainly, large 
numbers of parasites can exist in the body and go through their life- 
cycle in the spleen without causing symptoms. This condition is 



THE BLOOD 


1149 




^ .. j. * 'a:, y. ' ’'• , ,, • , vVi 

i-? *'‘”4 i,' ''‘'.W'''''^-’'-'‘ - 
■> V, ■'■" ' ■' 



called * latent malaria/ and can be easily converted into active 
palaria by any cause which depresses the vitality of the body. 

Erythrocytes. — In quar- 
tan malaria the corpuscle con- 
taining the parasite is a little 
smaller^ than a..,.nqrmal cor- 
pBscIerand, if anything, more 
darkly coloured. In tertian j 
iManaTirrs'^^^ and more / 
lightly coloured, and on treat- 
ment with Leishman’s stain ] 
exhibits fine red granules 
(Schiiffner's dots), which arc 
to be looked upon as a sign 
of degeneration of the cor- 
puscle. In subtertian malaria 
the corpuscles when stained 
in the same way may exhibit 
Maurer’s dots or clefts, which Film showing 

appear as large, irregular red , Piasmodrum v^va.. 

formations, and also Marshall- a microphotograph by J. J, Bell.) 

Plehn’s bluish dots, the signifi- 
cance of which is uncertain. The red cells niay become transformed 
into brassy bodies, which are shrunken red corpuscles which have 

taken on the colour of 
brass. These are cor- 
puscles which have 
undergone some form 
of necrosis, probably 
due to the haemolysin, 
though it has been 
thought that they were 
infected corpuscles in 
which the parasite had 
died as a result of the 




Fig. 616. — BLOGi) Film showing 

ScHizoNT OF Plasmodium vivax. 

(From a microphotograph by J. J. Bell.) 




Partial decoloriza- 
tion of the erythrocytes 
has been recorded in 
sabtertian infections, 
and is especially well 
marked in those con- 
taining crescent bodies. 
Fig. 617.— Blood Film showing Heavy Bignami thinks that in 
Infection with Laverania malavicB, the subtertian fever the 

(From a microphotograph by J. J. Bell.) red corpuscles, which 

are infected with the 


parasite, have a diminished elasticity, and therefore are not so 
capable of circulating, and cling to the walls of small capillaries. 
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As every sporulation causes the destruction of red cells, ansemia 
is one of the marked features of malaria. This destruction takes 
place at each paroxysm, and though in quartan and tertian fever it 
may be slight, in subtertian fever it is apt to be considerable. 

After a certain number of attacks of fever the loss becomes much 


less than in the earlier seizures. 

When the fever is intermittent, regeneration takes place quickly, 
so that before the next paroxysm the normal number of erythrocytes 
may be nearly reached; but even in quartan and tertian fevers, if 
long-continued, anaemia will result. 

The histological changes in the unaffected corpuscles are pallor 
and poikilocytosis, with demi-lune and crescentic forms, and in 
severe cases megaloblasts, with polychromatophilia and basic 
granular degeneration, together with normoblasts, may be noted. 
The tonicity of the corpuscles is increased after a number of attacks, 
according to Viola. In the blood of malarial 
cachectics the brothers Sergent have described 
basophile formations having the shape of a 
figure 8, with a double contour, and Brumpt 
’ A ^ others have described basophile rings with 

M a single contour. Laveran considers these 

appearances to be due to artefacts. 

Leucocytes. ^ — The leucocytes are at first 
increased during the paroxysm, and then 
markedly diminished, so that a leucopenia is 

BiooD the characteristic of the simple malarial fevers. 

Film showing the normal ratio of white to red corpuscles 
Partial Decolor- is I to 500 or 600. From observations of 
izATioN OF AN Steplieus and Christophers this may be i to 90, 
a’cmsce^/body 200, 1 to 290, or I to 300 during the rigor 
OF Laverama ma- (»•«•. leucocytosis), becoming I to 764 [i.e., 
laricB. (X 1,000.) leucopenia) when the rigor is completed, and 
(After Norman.) when the temperature falls altering to i to 968. 

Billet has shown that if curves are made of 


the leucocytic count and the temperature in simple tertian and 
quartan fevers, the two curves follow one another in their rises 
and falls. In pernicious malaria there may be leucoc3rtosis. 

Another important matter is the relative increase of the large 
i5i<;uicmucle^^^ and this is better marked during the 

Ij^copenia of apyrexia than during the leucocytosis of the attack, 
for'Tnompson finds that it is usually low during the rigor and the 
febrile stage, but with the decrease of the fever it may become as 
high as 90 per cent, of the total leucocytes. This mononucleosis 
is observed for a long time after an attack of fever, even when 
quinine therapy is persisted in continuously. 

The following are some examples of the differential count accord- 
ing to various observers: — 
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Kind of Corpuscles. 

Da Costa. 

Billings. 

Christo- 
phers and Bastianelli. 
Stephens. ' 

Polymorphonuclears . . 

Large mononuclear and tran- 

67*00 

65-04 

50*2 

39*0 

sitional 

i 15*94 

1 16*90 

31*4 

41*0 

Lymphoc3^tes . . 

; 15*33 

1 16*90 

18*1 

19*1 

Eosinophiles 

' 0*83 

j 0*96 

0-4 

0*6 


It must be remembered that this relative increase in the mono- 
nuclears has been noted in other protozoan infections. 

Phagocytosis is particularly seen in the large mononuclear and 
transitional leucocytes, and to a less degree in the polymorpho- 
nuclear leucoc3rtes and very rarely in the eosinophiles. In these 
cells clumps of pigment and the residue left after segmentation of 
a schizont are not uncommotily seen. If, however, something 
abnormal takes place in the red corpuscle, a phagocyte may engulf 
it and its parasite, or only the parasites if they have escaped from 
the red cell, or only the debris of the red cell. 

Vacuolization and diminution of the staining power of leucocytes 
are to be seen. Myelocytes arc said by Da Costa to bc^ found in sub- 
tertian infection up to 0*51 per cent. Eosinophiles diminish during 
the paroxysm, and increase during the apyrexia. 

Haemoglobin. — This is, of course, reduced, but the colour index 
may vary sometimes, being less than normal. Ross and Thomson 
find that it falls markedly with an attack of fever, but rises rapidly 
during convalescence. 

The Specific Gravity of the Blood. — Diminution of the den- 
sity of the blood begins at the onset of the attack, and becomes more 
marked as it proceeds, and may amount to a diminution of 6*2 
degrees. This fall is probably due to destruction of red cells and 
the breaking up of large parasites, which more than balances any 
loss of liquid by vomiting, diarrhoea, sweating, and polyuria. 

The diminution is most marked in full-blooded persons, in primary 
affections, and first attacks, less in later attacks, and least in chronic 
malaria. The density recovers after treatment by quinine. 

Chronic Malaria. — In chronic malaria there is a leucopenia and 
a marked decrease in the numbers of the red cells, which is but little 
affected by febrile attacks. 

Post-malarial Anaemia. — -Bignami points out that there are cases 
in which, in spite of the cessation of the malarial fever, the anaemia 
tends to progress, and these he calls post -malarial anaemias. They 
are generally induced by age, malnutrition, overwork, pregnancy, 
nursing, etc., and are not due merely to the malarial infection. 
Bignami divides these into four types, according to the characters 
of the blood. 
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First Type, — This form of anaemia comes on after attacks of 
ordinary acute malaria, and is characterized by well-rnarked 
diminution in the erythrocytes, the presence of normoblasts, diminu- 
tion of the colour-index, and leucopenia associated with relative 
mononuclear increase. In this type the prognosis is good. 

Second Type. — The second type is severe, and the prognosis is 
exceedingly bad. It is characterized by great diminution in the 
red cells, presence of poikilocytes, megalocytes, normoblasts, and 
megaloblasts, with leucopenia and relative mononuclear increase. 

Third Type. — ^This is rapidly fatal, and has similar characters to 
the second type, but is without normoblasts. 

Fourth Type.- — This type is really grave chronic anaemia, resem- 
bling the first type, but being specially characterized by the paucity 
of the normoblasts and the marked leucopenia. 

Wassermann reaction is in our experience generally negative. 

Morbid Anatomy. — The morbid anatomy of malaria has been 
most carefully studied in recent years by Bignami in Italy and 
Ewing in America. It may be considered under the following 
headings: — 

A. Acute Malaria. 

1. Lesions caused hy Plasmodium malarice. 

2. Lesions caused hy Plasmodium vivax. 

3. Lesions caused by Laver ania malarice. 

B. Chronic Malaria. 

1. Lesions caused hy Plasmodium vivax. 

2. Lesions caused by Laver ania malarice, 

3. Malarial cachexia. 

4. Latent malaria. 

A. Morbid Anatomy of Acute Malaria — i. Lesions 
Produced by Plasmodium malarice. — Plasmoditmt malarice goes 
through the entire process of schizogony in the circulating blood, 
and heuc(‘ is evenly distributed all over the body, and therefore 
does not especially accumulate in any one organ. Marchiafava and 
Bignami mention that they have made two autopsies, one on a 
case of acute quartan malaria, in which the patient died of nephritis, 
and the other in a case of the same fever, in which the patient died 
of spinal disease. 

The visceral lesions are : Spleen enlarged, not softened nor very melanotic ; 
liver and bone-marrow not markedly melanotic; parasites in the spleen and in 
the blood, but not in the brain. 

Leishinan has mentioned that he has received films from the 
peripheral blood and spleen of a fatal case, in both of which the 
parasites were very numerous, but he was not in a position to state 
whether the patient died of malaria or not. \i P. malarice is to 
produce severe symptoms, it would appear necessary for it to exist 
in very large numbers. 
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2. Lesions Produced by Plasmodium vivax. — It is rare for 
death to ensue as the result of an infection with P. vivax. Still, this 
does occur at times when there is a heavy infection. Ewing has 
described a case of tertian infection causing coma, hsemoglobinuria, 
and either causing or associated with catarrhal colitis. 

The principal features are the pigmentation of the bone-marrow, liver, and 
spleen, which last is also enlarged. The blood and spleen show large numbers 
of P. vivax. The kidneys and colon are inflamed, and the endothelial cells 
of the brain are swollen and contain pigment. 

3. Lesions Produced by Lavcrania malarice . — We have already 
insisted several times upon the fact that L. malaricB differs 
from the other makuial parasites in sporulating in the organs, 
generally in the spleen, but at times choosing one organ and tit other 
times another. The organ in which it sporulates ir large numbers 
suffers most, and produces symptoms which give the characters of 
that particular type of mala.rial fever. 

Thus the parasite may attack principally the brain, the intestine, 
the heart, or the pancreas, producing marked signs of disease therein. 
Therefore the conditions of the organs vary with the localization of 
the parasite. 

Macroscopical Examination . — In gcneial the body is pale, with a yellowish 
tinge, which may be noted superficially in white races, but which may only 
be observed in the subcutaneous tissues in native races. The heart may be 
small or dilated, the muscle flabby and pale or brownish, and ecchymoses may 
be present in both the epicardium and endocardium. The lungs may be 
normal, anaemic, or hyperaemic and congested. Haemozoin is not easily 
detected in the lungs, because of the usual pigmentation. As first described 
by Laveran, a sclerosis of the lungs is not infrequently met with. 

The liver is generally enlarged, and varies from a dark brown to a slate 
colour. It is soft and congested, and the outlines of the lobules are usually 
indistinct . The gall-bladder is full of dark-coloured bile. 

The spleen is enlarged, with a tense capsule, but its consistency is usually 
much loss than normal, and at times it may be almost diffluent in very 
acUiO cases. We have, however, seen it quite firm in a recent infection. 
Its colour varies from a deep brown to black. 

The stomach and intestines may show but little change, except in the choleraic 
forms, in which their mucosa may be intensely congested and dark red in 
colour, except where the Peyer’s patches and the solitary glands stand out 
clearly. The intestine is darker red in certain places, giving it a mottled 
appearance, and the contents may be blood-stained fluid with flakes of mucus. 
In fact, the appearance post mortem and the history, if death takes place 
rapidly, so much resemble those of cholera that in regions where that disease 
is prevalent mistakes may arise, though, indeed, the dark pigmentation 
should enable errors to be avoided. We have not infrequently met with 
dark pigmentation of the small and large bowels in cases of pernicious cerebral 
malaria, and in general infection without cerebral symptoms. This pig- 
mentation is due to haemozoin, as can be easily proved by microscopical 
examination. 

The lymphatic glands may be swollen, while the pancreas is usually normal, 
but it may be very rarely swollen and haemorrhagic — i.e., in a condition of 
haemorrhagic pancreatitis. We have seen it quite brown, and pigmented with 
capillaries choked with infected corpuscle d6bris, pigment, etc. 

The suprarenal capsules may be congested. The kidneys are more or less 
normal, but sometimes they are congested, with punctiform haemorrhages in 
the pelvis and cloudy swelling in the parenchyma, or brownish. The serous 
membranes, pleura, and peritoneum, show as a rule nothing remarkable. 
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except, perhaps, a little pigmentation. The bone-marrow is generally hyper- 
aemic and chocolate-brown in colour. The brain may appear normal, but in 
the cerebral type of pernicious malarial fevers there will be marked changes. 
In slight cases there may be only oedema without pigmentation or petechiae. 
Sometimes there is brownish pigmentation without petechiae, and with or 
without oedema. Typically, however, there are: — (i) Hyperaemia of the 
leptorneninges, which may be oedematous and thickened; (2) brownish, or 
even blackish, pigmentation of the cortex; and (3) punctiform haemorrhages 
in the white matter under the cortex or elsewhere. The spinal cord exhibits 
changes similar to those in the brain, wliile the retina shows numerous haemor- 
rhages. 

Microscopical Examination . — After death, parasites may be found in the 
blood of the heart, spleen, bone-marrow, and ait times in the capillaries of the 
brain, intestines, pancreas, etc. 

The parasite, however, is much shrunken, and the typical forms seen during 
life are not distinct after death. Thus the ring form shrinks and becomes ai 
rounded disc, with the chromaitin particle situated at the periphery. The 
fully developed schizont is more typicarl, the merozoites being arrainged in a 
ring around the centreal pigment block. If the post-mortem is made quickly 
tliis shrinking is not noted. The mononuclear leucocytes will be noted to 
halve pigment granules, while the polymorphonuclears may show phagocytosis. 
In films from the internal orgaxns maicrophages with paraisites and red cells 
may be seen. 

In the heairt Ihere may be a few parasites, but very rarely the capillairies 
will be found filled with red cells containing numerous parasites, and the heart 
muscle laden with hcemosideriii, ais has been described in ai pernicious cardiac 
form of malaria, but may also be seen in cases of general infection. 

The lungs may contain parasites in all stages of their existence, as well as 
pigmented macrojihages and leucocytes. It is, perhaps, doubtful whether 
there is a true; form of malarial pneumonia. Bignami has stated that the 
pneumococcus is always iincsent, and that a pneumonia in a malarial patient 
is a double infection. 

The capillaries of Ihe liver are much enlarged, with swollen endothelial 
cells often laden with pigment. These capillaries are filled with blood cells 
containing parasites and leucocytes with pigment. The p(;ri vascular lymph- 
spaces are swollen, and Kiipfer's cells contain pigment. The; liver c(;lls are 
compressed between the dilated capillaries, and contain h^emosiderin and bile- 
pigment, and, in addition, isolated cells or groups of cells may be necrosed, 
hut this is rarely extensive. The portal canals are infiltrated with red cells 
containing parasites in all stages of development. 

in the spleen the red cells of the pulp are seen to be filled with schizonts 
and crescents, while pigment is present in leucocytes and macrophages. The 
kidneys show pigmentation in the walls of the capillaries of the glomeruli, as 
well as those lying between the tubules; but parasites are rare in the former, 
though common in the latter situation. Phagocytes are not uncommon, con- 
taining pigment, red cells, and parasites. The cells of the glomeruli degenerate, 
and an‘ thrown off into the capsule along with exudation, and the epithelial 
cells of the convoluted tubuh's degenerate, and are cast off into the lumen. 

The suprarenal capsule shows irregular areas of vascular dilatation full of 
erythrocytes, many of which contain parasites, while macrophages may also 
be present. 

The capillaries of the abdominal fat are often full of red cells containing 
parasites. The bone-marrow is chocolate-coloured in the small bones, and 
brownish-red in the long bones. Often it is soft and diffluent, and contains 
sporulating parasites and, in particular, crescents (gametocytes), which are 
thought to start their life here. 

When the intestine shows the choleraic appearances described above, the 
capillaries of the mucosa and villi are filled with parasites in all stages of 
schizogony, and leucocytes with pigment masses. The epithelial cells are 
necrotic, but the submucosa and deeper layers escape injury, and their blood- 
vessels contain nearly normal cells. 
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The brain in pernicious cerebral fevers has its capillaries filled with sporu- 
lating parasites and mononuclear macrophages containing degenerated para- 
sites, while the arterioles and venules are freer, and only contain young forms. 
Sometimes no parasites are to be seen, and only pigment in the endothelial 
cells, which may bo swollen and fatty, or may be found free in the vessel, 
and may have parasitic inclusions. The nerve cells may be aifected. showing 
damage to or disappearance of Nissl’s bodies, and at times degeneration of 
their nuclei, the whole cell being sometimes Idled with small granules. There 
may be fibrolysis — i.e., degeneration of the neurofibrils^ — -only small argento- 
phile granules remaining. Rod-like cells attached to the proce.sses of the 
ganglion cells may be seen. The punctiform haimorrhages are due to the 
diapedesis of apparently normal red cells. Occasionally the cerebro-spinal 
fluid is increased, and there may 1 h‘ a slight lymphocytosis. 

B. Morbid Anatomy of Chronic Malaria. — The lesions of 
chronic malaria fall principally upon the spleen, tl\e liver, and the 
bone-marrow. Tliere arc no records of post-mortems on persons 
suffering from chronic malaria due to Plasmodium maJaricu. 

1. Lesions due to Plasmodium vivax. — -The best recorded 
case of this infection is that given by Ewing of a man wlio suffered 
from the disease for about a year, and died from endocardhis about 
three months after the last attack. 

The spleen was enlarged, firm, and dark, and contained parasites and pig- 
ment in endothelial cells about the Malpighian bodies. Some limmosiderin 
could also be seen. The liver showed no gross signs indicating malaria, but 
microscopically, pigment was collected in largo intracellular masses in the 
portal canals and slightly in a few ondothelial cells throughout the lobule. 
Macrophages also contained pigment. The marrow was but slightly pig- 
mented, showing a few endothelial cells with black pigment. 

2. Chronic Malaria without Definition of the Parasite. — 
These lesions arc generally due to JMverania nialaricd, and, as stated 
above, affect tlie sj)]een, liver, and bone-marrow. 

The spleen is always enlarged, often considorabl3^ and is firm in consistence, 
but its colour varies from a slate to a dark red, which depends upon the amount 
of pigment deposited therein. Usually there are some adhesions, indicating 
old perisplenitis. On section it generally appears quite black, but tliis depends 
upon the amount of pigmimt; the capsule is thickened; the Malpighian follicles 
stand out clearly, as tlioy are enlarged and non-piginented. Microscopically 
the capillary vessels arc seen dilated and separated by splenic pulp, or by 
connective tissue containing giant ct^lls. The pigment may be diffused 
through the organ, but is generally either collected around the follicles or 
extracellular, and contained in the lymphatics of the arterioles or septa, both 
of wliich are thickened. 

The liver is larger and harder th.in usual. If pigment is present, it will 
usually be gathered around the periphery of the lobules, which will, therefore, 
stand out clearly. Later the pigment becomes perivascular, and finally dis- 
appears. The capillaries or lymph-space" may be considerably dilated, and 
the liver cells atrophied by pressure. On the other hand, proliferation of 
the hepatic cells and repair of the damage may be seen taking place. Atrophy 
of the liver is not usual, but may occur in old people from thrombosis of the 
portal vein, and is then associated with necrosis. 

The bone-marrow is usually pigmented, and of a chocolate hue in the small 
bones, while in the long bones if may be reddish, except, perhaps, in the very 
centre. This colour is due to the replacement of the fat by vascular tissue. 

3. Malarial Cachexia. — -This may be acute when it develops 
after a few attacks of fever, but more commonly it comes on as a 
sequela to chronic malaria. 
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The anaemia is marked, and there is fluid about the ankles and in the 
abdominal cavity. The spleen is enormously enlarged, as is also the liver, 
while the bone-marrow is yellow, sclerotic, or gelatinous. Parasites may be 
found, or they may be absent. 

A special form of cachexia is that in which amyloid changes are 
found in the kidney along with parenchymatous nephritis, associated 
more rarely with amyloid changes in the intestine, spleen, and liver, 
with sometimes simple ulceration of the intestine. 

4. Latent Malaria. — -Plasmodium vivax and Laverania malarice 
can exist in the spleen of persons who show no sign of fever or malarial 
cachexia. These parasites can go through their life-cycle in that 
organ, and in the case of L. malaricB in the liver also, but it would 
appear that they are restrained from invading the circulation by 
the action of some antitoxin, and therefore do not increase to such 
numbers as to cause toxic symptoms. 

It is obvious from the above that, if the restraining influences 
which conduce to the condition of latent malaria are removed, an 
attack of malaria will follow, or if there has been a previous attack, a 
relapse will take place. 

Observers have always had a difficulty in admitting that the 
ordinary form of the parasite could be latent and cause a relapse, 
though there appears no doubt that this can take place. Schaudinn, 
as has already been mentioned, considers that the macrogametocyte 
is capable of undergoing parthenogenesis and forming merozoites, 
thus starting a cycle of schizogony anew and causing fever. Craig 
and other observers insist upon conjugation, causing a rejuvenes- 
cence of the parasite and a relapse of the fever. 

Classification. — As there arc three parasites — Plasmodium malarice, 
P. vivax, and Laverania malarice — there arc therefore three clinical 
entities — quartan malarial fever, tertian malarial fever, and sub- 
tertian malarial fever — due to these parasites. 

Quartan and tertian parasites go through their whole life-history 
in the circulating blood, and though the tertian sporulating forms 
are found in internal organs, such as the spleen, yet they do not tend 
to accumulate in those organs or to produce special effects. On 
the other hand, the subtertian parasite sporulates entirely, or 
almost entirely, in the internal organs; and if one particular organ 
is especially attacked by the parasites, there will be special clinical 
features to that phase of the disease. This is the cause of the 
atypical subtertian fevers, and is also the basis of those serious 
syrnptoms which have for many years been alluded to as the per- 
niciousness of this type of fever. The nature of these pernicious 
symptoms will depend upon whether the parasite is principally 
localized in — (i) the cerebro-spinal nervous system; (2) the gastro- 
intestinal mucosa; (3) the pancreas; (4) the heart; (5) the lungs; 
(6) the liver, etc. 

We will give clinical descriptions of the different quartan, tertian, 
and subtertian fevers. 
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II. THE QUARTAN FEVERS. 

Quartan malarial fever depends for its symptoms and course 
upon the life-history oi Plasmodium malarice, introduced into the 
blood of man by an anopheline mosquito. Its clinical course will 
depend entirely upon whether the parasites arc of approximately 
the same age, or whetlicr tliey have been introduced into the body 
on different days. 

If only parasites of approximately one age exist in the blood, a 
typical quartan malarial fever ensues, with an interval of seventy- 
two hours (the length of time which a rnerozoite takes to become 
the fully developed schizont). Such a fever is called ‘ quariana 
simplex,' or simy^lc quartan fever. 

If the parasites have been introduced on two different days, and 
are therefore of different ages, the patient will develop fever on two 
successive days, and be free from it on the third day , such a fever 
would be called ' quartana duplex,' or double quartan fever. 

If, however, tlic parasites were introduced on three successive 
days, the fever may be daily — that is to say, may be a quotidian 
fever — and this could only be recognized as belonging to the quartan 
fevers by its parasite being discovered microscopically; such a 
fever would be called a ‘ quartana triplex,' or triple quartan fever. 

If the parasites exist in greater numbers and groups than usual, 
the fever may be irregular and subcontinuous. 

There are, therefore, several types of quartan fevers — viz. : — 

A. Acute quartan malaria : — 

1. Simple quartan fever. 

2. Double quartan fever. 

3. Triple or quotidian quartan fever. 

4. Irregular subcontinuous quartan fevers. 

5. Mixed infections. 

B. Chronic quartan malaria. 

Simple Quartan Fever. 

Definition. — Simple quartan malaria is characterized by attacks 
of fever recurring every seventy-two hours and separated by 
apyrexial intervals which occupy the time required hy Plasmodium 
malaricB to pass from the rnerozoite to the fully developed schizont. 

Incubation. — This has not been determined with any degree of 
certainty. It is without doubt lon^^er than cither tertian or sub- 
tertian. Celli, by experiment, came to the conclusion that it might 
be very long — two months or more. 

By the experimental inoculation of blood, Marchiafava and 
Bignami calculated the maximum incubation at 18 days, the mini- 
mum at II days, and the mean at 14*3 days. We are not aware of 
any accurate experiment to determine the incubation period after 
the bite of infected mosquitoes. The only observation which we 
know is the very doubtful one recorded by Buchanan in 1901, 
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when anopheline mosquitoes of undetermined species were allowed 
to bite men in India from the 9th to the 21st of January, with the 
result that one developed a temperature of 38-9° C. on the 5th of 
February, but parasites were not found, and the other cases were 
negative. 

Remarks. — The clinical description may be divided into the 
febrile attack and the apyrexial interval. 

The F ebeile Attack.- — Generally t here are prodrornat a before an 
attack of quartan fever. Some few hours previously the patient 
may complain of giddiness, weakness, malaise, headache, or even 
nausea and vomiting. If the blood is examined during the occur- 
rence of these symptoms, the parasites will be seen to be schizonts, 
and the commencing formation of inerozoites may also be noted. 



Fjg. 619. — Temperature Chart of a Case of Simple Quartan Malarial 
Fever in the General Hospital, Colombo. 

In a sliort time tlie definite attack begins. It may roughly be 
divided into three stages: (i) The cold stage; (2) the hot stage; 
(3) the sweating stage. 

I. The Cold Stage. — The patient begins to feel cold, either in the 
legs, arms, or back. This sensation increases until actual shivering 
sets in. In quartan fever the rigors arc well marked and charac- 
teristic, and the patient may shiver until he shakes the bed; the 
teeth may chatter, the lips become blue, the arms and legs cold, and 
goose-skin may be present. If the blood is examined in this stage, 
some of the parasites may be seen fully sporulated, or only young 
parasites may be found. 

During this cold stage, which is the most uncomfortable of the 
three stages, the internal temperature is rising rapidly, and the 
internal organs must be somewhat congested during the chill; for 
there are symptoms of intense headache, visual disturbance, 
vomiting, and at times diarrhoea. The temperature, which rises 
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before the chill begins, varies at first from 100*4® 102*2® F., 

but generally rises rapidly to its maximum — about 104® or 105® F. 

rile cold stage does not last long, fifteen to thirty minutes being 
the average time, but it may be longer or sliorter, and may be 
irregular, being preceded by a transient sensation of heat. 

2. The Hot Stage . — Gradually the shivering ceases, and the patient 
begins to feel warmer and more comfortable, though sensations of 
cold and heat may succeed one another. By degrees the sensation 
of heat increases, until the patient becomes burning hot, and as in 
the cold stage he desired to wrap himself up with coverings, now 
he desires to throw these off. The skin feels hot and dry, the 
pulse and respirations increase, the conjunctivsc become inject cd. 
Vomiting and diaiihoea may take place, and an erythematous rash 
sometimes appears. The temperature reaches its maximum, and 
soon declines. 

This stage may last about three to four or more hoius. 

3. The Sweating Stage . — Towards the end of the hot stage the 
forehead is noticed to be damp, and presently the sweat begins 
to appear profusely, and great relief is felt by the patient. As the 
sweating increases, the temperature falls rapidly and the pulse-rate 
declines. As the temperature approaches normal the patient may 
fail into a sleep, from which he will wake feeling much better, and 
with a normal or subnormal temperature. The total duration of 
the attack may be about eight to ten hours. 

The Interval. — After awaking from his sleep the patient feels 
quite well, though weak, and generally goes about his ordinary work 
during the two days of this interval. But signs are not wanting 
that everything is not well; for the temperature is often subnormal 
and the pulse slow, while in the blood the developing parasites 
may be traced, and leucopenia with relative mononuclear increase 
noted. At the end of seventy-two hours the apyrexial interval will 
end in an attack of fever, as described above. 

The Course of the Fever. — Quartan, rightly or wrongly, is believed 
to have a great tendency to relapse, to go on for months, and even, 
it is said, for years, if not treated. The parasites rarely appear 
to multiply to any great extent in the blood, and hence pernicious 
symptoms are usually absent. If left to itself, the fever is supposed 
to gradually die out, but to recur at times. Spontaneous cure is, 
however, rare. 

Irregularities. — Prolongation of the attack has been noticed. 
Marchiafava and Bignami state tha'' it may very exceptionally last 
for more than twenty-four hours, in which case the temperature 
shows two chief undulations — one near the beginning and the other 
near the end of the attack — separated by a marked remission. 

Children. — Children may show neither cold nor sweating stages. 
Very often convulsions take the place of the cold stage, but these 
may be so slight as not to be noticed. On the other hand, they 
may be very severe. 
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Double Quartan Fever. 

In this form there is an attack of fever on two successive days, 
and an apyrexial interval of twenty-four hours. 

Typically the two attacks should be equal in severity, but often 
that is not so, for one attack is less severe than the other. As already 
stated, this may be due to two groups of parasites, inoculated on 
separate days. But sometimes quartana simplex may become 
quartana duplex, and this is explained by the fact that there may 
be a double infection, but that while there are many of one brood 
of parasites, and hence fever, the other brood may be so few at first 
that they require time to develop to such numbers as are necessary 
for the production of fever. Consequently quartana duplex may 
at first show itself by a very sliglit rise in the temperature on the 
second day, which increases gradually till equal to that produced 
by the stronger infection. 

Triple Quartan Fever. 

This is a quotidian or daily fever produced by three broods of 
quartan parasites coming to maturity on three successive days, 
and can only be diagnosed by an examination of the blood. The 
three attacks may be similar, and may begin at the same hour, 
or they may vary in severity and begin at different times. In 
quartana triplex sometimes an attack may be ‘ subintrant — that 
is to say, the cold stage of one attack may begin before the sweating 
stage of the other attack is finished; but this is not common, and 
usually there is a distinct interval of normal or subnormal tempera- 
ture. 

A simple or a double quartan may become a triple quartan in 
the manner described above for the origin of a double from a simple 
fever. On the other hand, it may start as quartana triplex, and 
become a duplex, and finally a simplex. Tliis may be due to the 
weakening of certain groups of parasites. Sometimes a triplex may 
directly become a simplex from the linking together of two other 
groups of parasites at the same time. 

Irregular Subcontinuous Quartan Fevers. 

Quartan parasites are believed not to cause continuous fever, 
but very reirely they may cause subcontinuous or remittent fever. 
Such a condition is due to the presence in the blood of parasites of 
all ages, which, therefore, are continually sporulating and dis- 
turbing the metabolism, thereby producing the remittent type of 
fever. 

Mixed Infections. 

Mixed infections may occur with either of the other two parasites 
— viz.,P. vivax or L. malarice — and an intermittent irregular fever 
be produced, only to be diagnosed by the microscope. 

Chronic Quartan Malaria. 

See Chronic Malaria, p. 1182. 
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III. THE TERTIAN FEVERS. 

Tertian malarial fever depends for its symptoms and course upon 
the life-history of Plasmodium vivax, introduced into the blood of 
man by an anopheline mosquito. Its clinical course will depend 
entirely upon whether the parasites are of approximately the same 
age or whether they have been introduced into the body on different 
days. 

If only parasites of approximately one age exist in the blood, 
a typical simple tertian malarial fever ensues, with an interval of 
forty-eight hours (the lenglh of time which a merozoite takes to 
become a fully developed schizont). Such a fever is called ‘ tertiana 
simplex,' or simple tertian fever. 

If the parasites belong to two distinct broods, or have been intro- 
duced on two different days, and arc therefore of different ages, 
the patient will develop fever every day. Such a fever would be 
quotidian in type, and would be called ' tertiana duplex,' or double 
tertian fever. 

If many broods of parasites are present, the rover becomes sub- 
continuous and irregular 

There are, therefore, several typos of tertian fevers — viz. i--- 

A. Acute tertian malaria : — 

1. Simple tertian fever. 

2. Double or quotidian tertian fever. 

3. Irregular subcontinuous tertian fevers. 

4. Mixed infections. 

B. Chronic tertian malaria. 

Simple Tertian Fever. 

Definition. — Simple tertian malaria is characterized by attacks 
of fever recurring every forty-eight hours, and separated by apy- 
rexial intervals which occupy the time required by Plasmodium 
vivax to pass from the merozoite to the fully developed schizont. 

Incubation. — The natural incubation period is believed to be 
from eight days upwards. The period of incubation in experi- 
mental cases in which quantities of infected blood were inoculated 
varied from four to twenty-two days. The period of incubation 
after the experimental bites of infected anophclines varies from 
seven to twenty-five days. 

Remarks. — The clinical dcscripti' n may be divided into — (i) the 
attack of fever; (2) the apyrexial interval. 

The Attack of Fever, — There may be no prodromata, or, on the ' 
other hand, these may be most characteristic. When present, 
they take the form of pain in the head and the back, and especially 
in the bones of the limbs — more particularly the joints — ^which lead 
to their being considered to be rheumatic, together with a feeling 
of lassitude and illness. On the day succeeding these sensations 
the patient may feel quite well, but on the next day they may recur. 
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If treated in this stage, the fever may never develop, but if neglected, 
it will appear in the course of a few days. 

After a feeling of illness, giddiness, nausea, or vomiting, with 
perhaps a slight rise of temperature, the patient suddenly becomes 
very cold and shivers, and his symptoms resemble in detail those 
already described for quartan malarial fever, except that they may 
not be so severe. In about ten to thirty minutes the warm stage 
begins. 

As the chills diminish, sensations of warmth appear; at first 
pleasurable, they soon become intense, and the patient feels burning 
hot. The skin is hot, flushed, and dry; the conjunctivse injected; 
the pulse full, quick, and often dicrotic, and the pains in the head, 
back, and limbs increase. A slight cough may be noted; vomiting 
is common, and sometimes diarrhoea occurs. Very often the white 
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Fig. 620. — Temperature Chart of a Case of Simple Tertian Malarial 
Fever, showing the Effect of Intramuscular Injections of 
I Gramme of Quinine Bihydrochloride. 

skin shows a sallow or slightly yellowish tinge, which is also present 
in native races, but can only be seen in the conjunctivai. The 
heart -sounds are usually normal, but sometimes a soft systolic 
murmur can be heard. In the lungs, at times, sonorous and sibilant 
rales occur. The spleen is enlarged and tender, which is charac- 
teristic, and a soft murmur over the splenic area, like a uterine 
souffle, is said to be sometimes heard. Skin eruptions have been 
described; the commonest in our experience is erythematous or 
urticarial. Herpes may occur on the lips. 

The temperature begins to rise before the chill, and continues to 
ascend during the cold stage, reaching a maximum in the hot stage, 
which may be anything from 102° to loS"" F., but is generally 
about 104*^ or 105° F. The warm stage may last four or five hours, 
when it passes into the sweating stage. 

The mouth becomes moist, and sweat gradually comes out all 
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over the body, and soon a most profuse perspiration may take place, 
and the pulse, respirations, and temperature may fall to normal in 
about four hours, when the patient, as in quartan fever, goes off into 
a sleep. The attack lasts about ten to twelve hours, and generally 
begins in the morning, but may take place at any time of the day. 

Apyrexial Interval , — This lasts about thirty-six hours, during 
which the temperature is often subnormal. In the interval the 
patient may feel well, but his blood will show developing para- 
sites, reduced erythrocytes, and a leucopenia witli a mononuclear 
increase. 

Peculiarities. — As in quartan, so in tertian fever, children may 
have neither chill nor sweating stage, but may, on the other hand, 
show convulsion 

Double Tertian Fever. 

When parasites mature on two separate days, fever is produced 
every day, which is therefore quotidian in type, and is called a double 
tertian (tertiana duplex). The attacks are similar to those described 
above, but usually arc shorter, and, of course, the apyrexial in- 
terval is shorter. As a rule, tlic attacks begin at tlie same hour 
each day, but sometimes one attack is later than the otlier. Very 
often one attack is not so severe as the otlier, but if left to itself 
without treatment, it may become similar to the more severe attack. 



Fig. 621. — Chart of a Case of Double Tertian Malarial Fever in the 
General Hospital, Colombo. 

(Note postponement of attack in tiiird and fourth days.) 

*■ 

Double tertians may arise by a siii^ple tertian anticipating. If this 
is continued after the double tertian is developed, or if one of the 
attacks of a double tertian anticipates, in course of time it will join 
in with the originally previous attack, so that a person who is in 
the sweating stage of one attack may suddenly start the cold stage 
of the other. 

Clinical Course. — Left to itself, tertian malaria tends to a spon- 
taneous cure after a series of attacks, but relapses may occur. 
Groups of more severe attacks alternate irregularly with groups of 
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milder attacks. Usually, recurring attacks take place about the 
same time on the succeeding days. 

The anaemia of tertian fevers is more easily overcome than that 
of quartan, and great exhaustion is only seen in old debilitated 
subjects. 

Two interesting points may be noticed — (i) anticipation of the 
attacks; (2) retardation of the attacks. Anticipation of the attacks 
means shortening of the apyrexial interval, so that they begin at 
short intervals. Retardation means prolongation of the apyrexial 
interval, and is generally due to the action of quinine, but may be 
due to spontaneous weakening of the parasite. 

Irregular Subcontinuous Tertian Fevers. 

Irregularity may be brought about by parasites maturing at 
different times on the same day, and thus producing an almost 
continuous fever with exacerbations and remissions; but tertian 
fever is rarely duplicated — that is to say, it rarely shows two 
distinct attacks in one day. Prolongation of the attack produces 
a fever resembling the subtertian, while in very chronic tertians 
just the reverse may take place — viz., prolongation of the apyretic 
intervals — so that fever appears at the end of seven, eight, fourteen, 
or sixteen days. 

Mixed Infections. 

Irregularity may also be produced by mixed infections of Plas- 
modium vivax \N \i\\ Plasmodium malar icB , or with Laverania malaricB. 
These mixed infections can only be recognized by the microscopical 
examination of the blood. 

Chronic Tertian Malaria. 

See Chronic Malaria, p. 1182. 


IV. THE SUBTERTIAN FEVERS. 

Synonyms. — ly apical malaria, Summer -autumnal fever, Malignant 
tertian. 

Definition. — Suhtertian malarial fevers depend for their symptoms 
and course upon the life-history of Laverania malarice, introduced 
into the blood of man by an anopheline mosquito. 

Remarks.— Their clinical symptoms may approximate to the 
type described for the other two malarial fevers when Laverania 
malaricB lives mainly in the spleen and in the peripheral blood, but 
more generally the symptoms of these fevers are very different from 
those produced by the tertian parasites. The essential difference 
is that Laverania malar ice can, and does, live largely in the internal 
organs, and may even concentrate its forces upon one organ. As 
clinical symptoms are produced by the derangement of the functions 
of the organs and systems of the body, so the symptoms of these 
types of subtertian fever may point to a given organ or to a given 
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system of the body. It is in this way that the subtertian fevers can 
produce signs and symptoms which medical practitioners are more 
accustomed to associate with some other disease, and this explains 
the curious phenomenon of malarial mimicry. As the parasite 
Laverania malarm can live in any organ, it can therefore produce the 
signs and symptoms of any disease, and we know practically of no 
clinical picture which it is impossible for this parasite to reproduce, 
be it an acute illness or a chronic ailment, be it associated with 
febrile symptoms or free from fever. Hence the great necessity for 
the practitioner to be careful as to the diagnosis of malaria, and to 
remember that in atypical cases which are of frequent occurrence 
it is most difficult, and that the microscope is not infallible in its 
aid, as negative microscopical findings do not exclude a diagnosis of 
malaria, as will be emphasized in the section on diagnosis. 

The subtertian fevers are therefore capable of division from a 
practical point of view into two great groups; — 

A. Typical Subtertian Fevers. 

B. Atypical Subtertian Fevers. 

In the first group conies simple subtertian fever, which shows an 
intermittency of the symptoms, which is due to the fact that the 
time required by a merozoitc of Laverania malarice to attain to the 
stage of a schizont is thirty-six to forty-eight hours, while a double 
infection produces a quotidiaii fever, and more severe infections, 
irregular, remittent, and bilious types of fever. Mixed and chronic 
infections may also ensue as in the other types. 

The fevers of the second group may be subdivided according to 
the syndrome wliich is produced, and which depends upon the organ 
or system of the body which is attacked. 

We will now consider these various clinical conditions. 

A. TYPICAL SUBTERTIAN FEVERS. 

The typical subtertian fevers may be divided into: — 

1. Simple subtertian fever. 

2. Double subtertian fever. 

3. Irregular subtertian fever. 

4. Remittent subtertian fever. 

5. Bilious subtertian fever. 

6. Mixed infections. 

I. Simple Subtertian Fever, 

Definition. — This form of subtertian fever usually shows inter- 
missions based upon a tertian type. 

Incubation. — The incubation period has been studied by Marchia- 
fava and Bignami, who considered it to be of nine to ten days 
duration when acquired by natural mosquito infection, and to vary 
from nine to nineteen days when acquired by experimental mosquito 



Ii66 


THE MALARIAL FEVERS 


infection. Prodromal symptoms resembling those of tertian fevers 
may exist before an attack. 

Febrile Attack. — The cold stage may be entirely absent, but it 
often occurs, and is sometimes severe. Sometimes the attack begins 
with the warm stage, in which the symptoms are very severe pains 
in the limbs, back, and head, with gastro-intestinal disturbance in 
the form of vomiting, diarrhoea, and coated tongue. The skin is 
often flushed and dry and sometimes icteric, while the eyes are 
injected. The sweating stage is never absent, and may be marked. 
The spleen is usually tender, as well as the liver. The four-hourly 
temperature chart is most characteristic, for the invasion takes place 
with a rapid rise to 104° F. to 105° F., after which the temperature 
remains high, oscillating about i"" F. The oscillation which imme- 
diately precedes the crisis is larger than the others, and is called 



Fig, 622. — Chart of a Case of Subtertian Malarial Fever. 

The curve is inosl typical on the second day, before (]uinine was administered, 

the pseudo-crisis. After this the temperature rises to its highest 
point (precritical elevation), and then suddenly falls (crisis) below 
normal, where it remains, as a rule, until the next attack. It may, 
however, rise from subnormal to normal, and just prior to the next 
attack show a distinct depression. This typical temperature may, 
however, be greatly masked by an absence of the sudden rise at 
the invasion, or of tlie precritical elevation, or by an exaggeration 
of the pseudo-crisis, making the single attack appear double. 

Lastly, the whole attack may be shorter than usual, and resemble, 
as regards the temperature, a simple tertian fever. 

The duration of the attack in subtertian fever is about twenty- 
four hours or more. 

The Interval. — The interval will be twenty-four, ten, or even eight 
hours in duration, varying, of course, with the length of the attack. 
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2. Double Subtertian Fever. 

This is a quotidian fever, caused by two broods of Laverania 
malaricB. The cold stage is less marked than in a quotidian fever, 
due to quartan or tertian parasites. The temperature rises rapidly, 
the fastigium is very short, and the fall is to below normal. There 
is nothing particular to remark about the warm or sweating stages, 
which resemble those of the simple subtertian fever. The whole 
attack only lasts six, eight, or twelve hours. 

3. Irregular Subtertian Fevers. 

When several broods of Laverania ^nalarice exist togetlier in the 
blood, it is obvious that, instead of sporulation taking place regu- 
larly every day or every other day, it will be ii regular, and hence 
the attacks will run into one another and produce an irregular 
type of fever, which is commonly met with on the West Coast of 
Africa. 

4. Remittent Subtertian Fevers. 

Remittent fevers arise by prolongation of ordinary attacks, or by 
anticipation or subintrarce, so that two attacks become continuous, 
the onset of the second attack beginning before the first one is con- 
cluded, Duplication may also lead to a remittent fever. 

Febrile Attack. — These fevers may be mild or grave, and may be- 
come pernicious. The symptomedology is briefly as follows: After one 
or two days of prodromal lassitude, pains, and sensations of chilliness, 
etc., fever comes on without any cold stage. The skin becomes hot 
and dry, and often turns yellowish, and headache, with pains in the 
different parts of the body, is a source of trouble to the patient. 

The tongue is coated; thirst is sometimes intense, and may be 
associated with vomiting and purging, together with pains in the 
region of the liver, spleen, and stomach. The toxins affect the 
brain, causing sleeplessness, restlessness, and delirium. The liver 
and spleen are both enlarged and tender, and at times there is 
slight cardiac dilatation on the right side. The temperature is 
characterized by high fever with remissions. 

Interval. — The time of the remission is by no means certain. It 
may take place in the morning and the rise in the evening. Under 
treatment the parasites rapidly disappear from the peripheral 
circulation, but last longer in the viscera, so keeping up the fever. 

Course. — Mild attacks get well under the week, but without 
treatment they would soon become the more serious or grave type 
of fever, which is part of the atypical group of subtertian fevers 
which are dealt with in the next section. Three variations may be 
mentioned here. The first resembles typhoid in its clinical features; 
the second is distinguished by the bilious vomiting and diarrhoea, 
with marked enlargement of the liver and jaundice, which is often 
called bilious remittent fever; and the third shows a tendency to 
haemorrhages, local gangrene, haemoglobinuria, and great weakness, 
sometimes called ' adynamic remittent fever.' 
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Remarks.— Only the bilious remittent will be considered here, as 
malarial hcBmoglobinuria will be treated in the next chapter on 
Tropical Hsemoglobinurias, and the atypical subtertian fevers will 
be described directly after bilious remittent fever. 

5. Bilious Remittent Fever. 

This is a type of subtertian remittent fever in which there is great 
blood-destruction, and consequently much bile-production. We 
have seen it repeatedly in Africa, and more recently in thcBalcanic 
Zone, and it is said to occur in all highly malarious districts. 

The attack begins as an ordinary remittent fever, but is asso- 
ciated with jaundice, bilious vomiting, and usually bilious diarrhoea, 
though in its place there may be constipation. The patient also 
complains of pain and tenderness in the stomach and liver. After 
a few days’ illness the symptoms may gradually subside, or, with 
or without hiccough, epistaxis, or hcemat emesis, the temperature 
may rise considerably, and the patient, becoming comatose, dies. 

We have noted at times a curious intermission in the symptoms, 
of short duration, after which high fever ensues, quickly followed 
by coma and death [vide Yellow Fever-like Type, p. 1172). 

6. Mixed Infections. 

Mixed infections of L. malaricB with the other malarial parasites 
are not uncommon, and lead to a type of quotidian fever which 
can only be diagnosed accurately by an examination of the blood 
and a differentiation of the parasites concerned. 

The blood may show only forms belonging to P. vivax at times, and only 
forms belonging to L. malarice at other times. 

B. ATYPICAL SUBTERTIAN FEVERS. 

The causation of this group of subtertian infections is due to the 
fact that Laverania malaricB undergoes schizogony in the internal 
organs, and is apt, at times, to specialize upon one particular organ, 
which becomes seriously affected, not merely because it has to 
bear the full brunt of the liberated toxins, but also because it suffers 
from malnutrition, because its capillaries become blocked by 
swollen endothelial cells belonging to their walls and by red blood- 
corpuscles filled with malarial parasites, as well as by leucocytes 
laden with pigment, and by the pigment and merozoites set free 
during schizogony. 

This explains not merely the special character of the symptoms 
exhibited in any case, but also the multiplicity of clinical types caused 
by this parasite, and the peculiar conditions called masked malaria 
or malarial mimicry. 

These various syndromes may for purposes of description be 
arranged as follows: — 

1 . Subtertian syndromes without localization. 

11 . Subtertian syndromes with localization. 
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1. SUBTERTIAN SYNDROMES WITHOUT LOCALIZATION. 

Though it is true that one and the same case may show fever on 
one day and not on another, still, for practical purposes, it is con- 
venient to subdivide these subtertian syndromes into two groups, 
according as to whether fever at the time of first examination is or 
is not a marked feature. 

A. Non-Localizkd Subtertian Syndromes without Marked 
Fever on First Examination. 

1. ILxmorrhagic non-febrile type. 

2. Anaemic type. 

3. Mental types. 

4. Algidetype. 

5. Pseudo-alcoholic type. 

Hcemorrhagic Non-Fehrile Type, — The patient s are pale, very weak, 
and languid, and complain of pains in the loins and limbs. In 
most cases the whole body is covered with petechias, and tense 
indurated swellings, due to large extravasations of blood, may be 
present. The gums arc often swollen, spongy, and haemorrhagic. 
Epistaxis, haemat emesis, and passage of blood per rectum may take 
place, as well as Inemoptysis and haematuria from kidney or bladder. 
Some patients have large indurated spleens, but febrile symptoms 
are almost constantly absent. Malarial parasites can be found in 
the peripheral blood in some cases. Quinine is the infallible remedy. 

Ancemic Type. — -The patient shows no sign of typical malaria; 
on the contrary, he is pallid, and possesses the lemon-yellow tinge 
of pernicious ancemia. The liver, and more rarely the spleen, is 
enlarged. Usually there is no fever, but in some cases the tempera- 
ture may rise to 99° or 100° F., which is common in pernicious 
ancemia. Malarial parasites may not be found in the blood, even 
after repeated examinations, while the usual signs of pernicious 
ancemia — -e.g., poikilocytosis, nucleated red blood-corpuscles, high 
colour index, relative increase of small mononuclears in place of the 
increase of the large mononuclears which one expects to see in 
malaria, may be present. 

This type of anaemia may lead the physician to suspect malignant 
growth in elderly patients, especially if there is vomiting and pain 
after taking food. 

Quinine acts as the diagnostic and therapeutic agent. 

Leukcemia . — Certain authors believe that malaria can cause leukaemia, but 
this appears to us to be more of the nature of a complication. 

Mental Types. — The patient ismelancholic orapparentlydemented, 
or more rarely acutely maniacal and violent, with usually a normal, 
subnormal, or but slightly raised temperature. The spleen may 
or may not be enlarged, but a careful examination of the blood 
generally reveals a mononucleosis or at times a very few malarial 
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parasites, while quinine therapy effects a disappearance of the 
symptoms. 

The violent cases may be of interest from a medico-legal point of 
view, because the patient never has the slightest recollection of his 
acts, and cannot be held responsible for them. 

Algide Type . — The patient is, as a rule, first seen in a condition 
of such extreme collapse as to make the practitioner suspicious of 
cholera. The nose is sharp, the cheeks sunken, the lips and ex- 
tremities cyanotic, the nails livid, the pulse small, soft, and frequent, 
becoming thready and imperceptible, the skin cold and clammy, 
and the respiration laboured. The patient may, however, be con- 
scious, and be able to answer questions and to complain in a weak 
voice of severe thirst. This is a very serious and fatal form of 
pernicious malaria, and generally kills the victim in a few hours. 

Pseudo- Alcoholic Type . — The patient may not have been very 
well for a few days, being capable of doing his work, but irritable and 
complaining of not feeling fit. In order to carry on his duties he 
may or may not take a certain amount of alcohol. Suddenly, 
during or after a dinner or at a public performance, he tumbles off 
his chair, and the impression at first is that he has taken too much 
alcohol, and this may be considered to be confirmed by the odour 
of his breath. It will, however, soon be evident that the patient 
is seriously ill, and the diagnosis will be revised and apoplexy prob- 
ably instituted. Finally a blood examination will generally reveal 
a number, and sometimes a large number, of malarial parasites of 
the subtertian type. At a post-mortem these parasites will be 
seen to be blocking the capillaries of the cerebral cortex. 

The poorer type of native patient will be taken as a ' drunk ' to 
the local lock-up, and in the morning the so-called drunken man 
will be found to be seriously ill and may even be dying. Blood 
examination generally, but not always, reveals malarial parasites. 
Generally these are serious infections, and the prognosis is grave. 


B. Non-Localized Subtertian Syndromes with Marked Fever 
ON First Examination. 

The non-localized subtertian syndromes with marked fever on 
first examination may be divided into: — 

1. Subtertian hyperpyrexial fever. 

2. Subtertian syndromes resembling a specific fever. 

3. Subtertian syndromes not resembling a specific fever. 

Subtertian Hyperpyrexial Fever. 

This type of fever is characterized by very high temperatures, 
often commencing at the onset of the illness. It may be continuous 
or intermittent, and often attains temperatures exceeding 105° F. 
Sometimes the temperature may reach heights which can hardly 



ATYPICAL SUBTERTIAN FEVERS 1171 

be believed — e.g., in two of our cases the temperature exceeded 
108° F. These cases have a very serious prognosis, but recoveries 
are not unknown. 



Fig. 623 . — Temperature Chart of a Case of Hyperpyrexial Subtertian 

Malaria. 

Syndromes resembling a Specific Fever. 

The syndromes resembling a specific fever may be divided into 
types as follows: — 

1. Typhoid-like type. 

2. Malta-fever-like type. 

3. Typhus-like type. 

4. Cerebro-spinal-like type. 

5. Yellow-fever-like type. 

6. WeiTs-disease-like type. 

7. Scarlet-fever-like type. 

Typhoid-like Type . — This fever resembles enteric fever, as may 
be judged by the temperature chart (Fig. 624). The onset is slow, 
the patient apathetic, the tongue coated, and headache present, 
while the temperature is continuous or subcontinuous. The 
abdomen is slightly tumid, the spleen usually palpable, but not large 
or hard. The blood usually shows subtertian parasites, and the 
bacteriological examination for 'enterica' is negative, but quinine 
here has but slight action on the course of the fever for some time. 
The complication of typhoid infections in the course of malaria is 
mentioned on p. 1184. 

Malta-F ever -like Type . — This is very rare, and resembles Malta 
fever, but malarial parasites can be easily found in the blood; while 
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bacteriological tests for Micrococcus melitensis and its allies are 
absent, ftnally quinine effects a cure. 

Typhus-like Type. — The cases exactly resemble typhus fever, 
but malarial parasites are often present in the blood, and the disease 
yields to quinine therapy. 

Cerehro -Spinal-like Type. — The symptoms are those of epidemic 
cerebro-spinal meningitis, but the cerebro-spinal fluid is clear, though 
its pressure may be increased; its cellular contents are normal in 
number and character, while meningococci are absent and the blood 
shows malarial parasites. The spleen may or may not be enlarged. 



Fig. 624. — Atypical Subtertian Malaria simulating Typhoid Fever. 

Hamiocultures and serological reactions for germs of tlie Enteroidea 
group of fevers wore negative. 


Sleeping-Sickncss-like l^pe. — This, which is rare, is characterized 
by low fever, slight trembling of the hands and tongue, and progres- 
sive general weakness, drowsiness, and occasional convulsions. 
The lymph glands in the neck are not enlarged, and the cases may 
occur in regions where sleeping sickness is unknown. Malarial 
parasites may be hard to And, but quinine in large doses cures the 
affection. 

Yelloit' -Fever -like Type.— This is characterized by fever, without 
igors, severe headache, flushed face, pains in the body, pulse quick, 
ull, and bounding at first, severe vomiting, tenderness in the 
epigastric region, and slight albuminuria. On the third day the 
temperature falls from 103° to 100"’ F., and the symptoms abate, 
while the patient feels better; but the temperature rises again, 
jaundice appears, the pulse slows to about 60-70 per minute, dark 
brown vomit appears containing red blood-corpuscles. The 
symptoms may get worse, the jaundice may deepen, and death 
ensue. Subtertian parasites may be present in abundance in the 
blood, and quinine may be ineffective unless given in massive 
doses. 

W eiV s-Disease-like Type. — Cases like Weibs disease, with cutane- 
ous haemorrhages, are occasionally malarial, and may end fatally. 
The mild type of camp jaundice may also be simulated by malaria, 
but this is rare. 
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Fig. 625. — Atypical Malaria simulating Malta Fever. 

Flicmoculturos and serological reactions for Micrococcus melilensis and 
M. paramelitensis were negative. 


Scarlet-Fever -like — Scarlatiniform pernicious fever is 

characterized by a diffuse scarlatiniform rash all over the body, 
with desquamation of the horny layer and erythema of the fauces, 
and may lead to a typhoidal state in which the patient dies. 

Syndromes not resembling Specific Fevers. 

The subtertian syndromes not resembling specific fevers are:— 

1 . Haemorrhagic febrile type. 

2. Hydrophobia-like type. 

3. Kussmaul coma-like type. 

4. Diaphoretic-like type. 

5. Comatose type. 

6. Delirious type. 

7. Tetanus-like type. 

8. Convulsive type. 

HcBtnorrhagic Febrile Type.—lUs form of pernicious fever is 
apparently rare. It is characterized by hsemorrhages from the 
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skin and mucosae of the nose, bronchi, intestines, stomach, and 
generative organs, during the attack, but not during the intermission. 

This condition rapidly produces acute grave anaemia, with 
thready pulse, coma, delirium, convulsions, and death, or may 
become the milder type, in which fever is not a marked symptom 
{vide -p. ii6g). 

Hydrophobia-like Type. — Signs of hydrophobia associated with 
fever, a large spleen, and malarial parasites in the blood, call for 
energetic quinine treatment, when the symptoms disappear, unless 
it is true hydrophobia in a malarial patient . 

Kussmaul Coma-like Type. — Signs of Kussmauks coma coming 
and going every alternate day and associated with fever in a diabetic 
patient call for quinine therapy, even if the spleen is not enlarged, 
the blood free from malarial parasites and mononucleosis. Occa- 
sionally after the exhibtion of a small dose of quinine, parasites may 
be found in the blood. 

Diaphoretic Type. — In this type the sweating of the third stage 
of an attack is so exceedingly copious that not merely is the bed 
saturated, but a pool may even form on the floor. Such excessive ex- 
cretion of sweat is dangerous, as the patient becomes more and more 
exhausted as it goes on, and a most dangerous collapse may ensue. 

Comatose Type. — ^This may begin suddenly or slowly. If the 
latter, there may be weakness, sleepiness, headache, disturbance of 
vision, stupor, or delirium, which ends in coma. But more often 
the patient is brought to the hospital quite comatose. He lies flat 
upon his back, with usually no paralysis and no alteration in the 
reflexes. The pupils may be contracted and give the idea of opium- 
poisoning, while the patient cannot be roused to answer questions, 
but will only frown or groan. 

Haemorrhages may be found on the skin and in the retina. The 
urine, which may have casts and a little albumen, is usually passed 
involuntarily, as are the motions. The heart is dilated, and the 
pulse, at first slow, soon becomes quick, and towards the fatal ter- 
mination very quick and thready. Respiration may be quiet or 
noisy. If death is to take place, the patient becomes colder and 
colder, the tongue dry and thick, and respiration ceases. 

If he is about to recover, the coma will gradually pass away ; he 
will be able to answer questions when roused, and after a time 
gradually recovers consciousness. The speech is at times most 
peculiar, being scanning in character. 

The coma may be present one day, but the next day the patient 
may be slightly better, with a subnormal temperature and a slower, 
fuller pulse; towards evening, however, the temperature rises, and 
the coma returns. This second attack is, as a rule, fatal. The 
fever may be remittent or intermittent. In the latter case it 
returns before death. Quinine treatment by injection and’ other- 
wise appears to be of no avail at times, and after two or three days 
of coma, even when the parasites have disappeared from the peri- 
pheral blood, the person may die. 
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Delirious Type. — In this form delirium is the most marked 
feature, and in a short time is followed by exhaustion, coma, and 
death. Such cases are apt to come on suddenly, and to be mistaken 
for drunkenness, sunstroke, or mania. The fever is usually very 
high. Recovery is supposed to occur, but we have never seen these 
cases end otherwise than fatally. 

Tetanic Type. — Patients delirious from malaria may show 
trismus, contraction of the limbs, opisthotonos, retraction of the 
abdomen, and conjugate deviation of the eyes. The contractions 
of the muscles may relax and increase as in tetanus, and there 
may be priapism. The attack may resolve, or end in death with 
high temperature. 

Convulsive Type. — Children during an attack of fever may develop 
convulsions, followed by stupor, or even coma and death. 

II. SUBTERTIAN SYNDROMES WITH LOCALIZATION 

The subtertian syndromes with localization may be classified 
into: — 

1. Syndromes with ' nervous system ' localization. 

II. Syndromes with ' digestive system ' localization. 

III. Syndromes with ' respiratory system ' localization. 

IV. Syndromes with ' circulatory system ' localization. 

V. Syndromes with ' ductless glands ’ localization. 

VI. Syndromes with ‘ urogenital ' localization. 

VII. Syndromes with ' cutaneous ’ localization. 

VIII. Syndromes with 'special sense ' localization. 

I. With 'Nervous System' Localization. 

The atypical subtertian malarias with nervous system symptoms 
may be classified as follows: — 

1. Meningitic type. 

2. Hemiplegic type. 

3. Monoplegic type. 

4. Myelitic type. 

5. Ataxic type. 

6. Disseminated sclerotic type. 

7. Bulbar type. 

8. Cerebellar type. 

9. Cerebral type. 

10. Polyneuritic t3qDe. 

11. Korsakoff type. 

12. Aphasic type. 

Meningitic Type. — Fever with signs of meningitis may be found 
in young persons and children. The symptoms are vomiting, 
headache, retraction of the head, and rigidity of the neck, convul- 
sions, hypersesthesia, going on to coma and death. There may be 
hypertension and slight lymphocytosis of the cerebro-spinal fluid. 
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Hemiplegic Type. — The patient may be suddenly taken ill with 
fever, and develop a typical hemiplegic attack. 

Monoplegic Type. — This simulates a cerebral haemorrhage, but 
is associated with high fever, and in both it and the two preceding 
subtertian parasites can be found in the blood. 

Myelitic Type. — This simulates a transverse myelitis. 

Ataxic Type. — The symptoms are slow and scanning speech, great 
muscular weakness, exaggeration of tendon reflexes, ataxia, together 
with vomiting. Subtertian parasites are found in the blood. At 
first there is no fever, but this may develop later. Such patients 
generally recover on quinine treatment, or, indeed, they do so 
spontaneously. 

Disseminated Sclerotic Type. — There is scanning speech, inten- 
tional tremor, nystagmus, spastic gait, and increased reflexes, all of 
which yield to quinine therapy. 

Bulbar Type. —A fever with bulbar symptoms — that is to say, 
difficulty of .speech and deglutition, with facial paralysis, or with 
a weakening of the muscles of the face and also frequently of the 
legs. This appears to be by no means rare, and yields to quinine 
therapy if taken in time. Malarial parasites are often absent from 
the blood, and the spleen need not be enlarged. 

Cerebellar Type. — The sym])toms of this type are ataxia, the 
patient walking like a drunken man and complaining of severe 
headache and almost complete loss of vision. V omiting is frequent ; 
often there is no fever, and the spleen and liver are not enlarged. 
The blood may sliow parasites, and quinine therapy cures the con- 
dition, which may be suspected to be cerebellar tumour or abscess, 
according to the absence or presence of fever. 

Cerebral Type, — This type resembles a cerebral abscess to such a 
marked degree that an operation may be considered to be necessary, 
when a blood examination reveals the subtertian parasites and 
quinine cures the condition. 

If there is no fever cerebral tumour may be suspected, but the 
blood examination reveals the true condition. 

Polyneuritic Type. — This type closely simulates ' wet beri-beri,' 
because the patient is oedematous, with the characteristic gait 
and loss of knee-jerks. There is neither fever nor enlargement of 
the liver or spleen, but the blood contains subtertian parasites, and 
the condition is cured by quinine therapy. 

Polyneuritis without oedema is also known. 

Korsakoff-like Type. — This resembles the preceding in that the 
patient shows polyneuritis, but in addition he suffers from mental 
symptoms, among which the most important is the loss of memory 
for recent events, all of which disappear under the influence of 
treatment by quinine. Subtertian parasites may or may not be 
present in the blood, and the liver and spleen may not be enlarged. 

Aphasic Type. — In this type motor aphasia develops with or 
without other paralyses. 
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11 . With 'Digestive System ' Localization. 

The subtertian malarias with digestive system symptoms may be 
classified as follows: — 

1. Pseudo-cholera type. 

2. Pseudo-dysentery type. 

3. Pseudo-appendicitis type. 

4. Pseudo-peritonitic type. 

5. Pseudo-liver abscess type. 

6. Pseudo-cholecystitis type. 

7. Pseudo-cirrhosis type. 

o. Haemorrhagic pancreatitis type. 

9. Gastritis type. 

Pseudo -Choi era Type. — This is merely a great exacerbation of 
the ordinary gastro-intestinal symptoms often met witli in malarial 
fever. There is vomiting, abdominal pain, and severe diarrhoea, with 
motions typical of cholera — i.e., rice-water motions. A micro- 
scopical examination of the dejecta may show a few leucocytes in 
stages of degeneration. The spleen may be palpable, and an 
examination of the blood will show subtertian parasites, while a 
bacteriological examination shows absence of cholera and of para- 
cholera vibros. 

During the attack the patient is pale or cyanotic, the eyes sunken, 
the skin cold and clammy, but the temperature may be raised, and 
hiccough, severe thirst, and painful cramps in the lower limbs, may 
also be present. The urine is scanty or suppressed. Collapse, 
delirium, or coma, may precede death, or the patient may be 
sensible to the end. If the patient is to recover, the algidity 
diminishes, the diarrhoea ceases, and after a long sleep he awakens 
refreshed and convalescence sets in. 

Pseudo-Dysentery Type.- — In this type there are two forms — viz., 
those with typical dysenteric motions containing blood and muco- 
pus, and the other with haemorrhagic motions without pus and 
with little or no mucus. Fever may be high, with great distress and 
prostration and a small rapid pulse, but at times the temperature 
may be nearly normal. The spleen may be slightly enlarged, there 
may be history of previous malaria, and there may or may not be 
malarial parasites in the blood. 

Pseudo -Appendicitis Type. — The attack is sudden, with marked 
pain in the appendicular region, sometimes vomiting, and usually 
fever, but no rigors. The spleen and liver may not be enlarged, 
and there may be tenderness and rigidity in the appendicular region. 
There may or may not be subtertian parasites in the blood, but the 
condition is cured by large doses of quinine. 

Pseudo-Liver Abscess Type. — This type is associated with fever, 
often of an intermittent character, profuse sweating, loss of flesh, 
spleen often not palpable, liver enlarged, with pain on pressure all 
over the hepatic area. Malarial parasites are usually present in the 
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tlood, and the condition yields to quinine therapy by proper means. 
'The condition is rare, and must not be mistaken for true liver abscess, 
which is not uncommon, and the error of making the diagnosis of 
malaria in abscess of the liver is more common than vice 
versa. 

Pseudo-Cholecystitis Type . — There is severe pain, shooting up to 
the right shoulder, tenderness in the region of the gall-bladder, 
severe vomiting, and occasionally slight jaundice. The spleen may 
or may not be enlarged, and the same is true for the liver. The blood 
usually shows subtertian parasites, and the condition, which re- 
sembles an attack of cholecystitis due to gall-stones, is cured by 
quinine. 

Pseudo-Cirrhosis Type . — This is rare, and is characterized by the 
hepatic facies and ascites. After tapping, the liver and spleen may 
be felt to be enlarged and hard. On repeated examination sub- 
tertian parasites may be found in the blood. Quinine very slowly 
cures the condition. 

Hcemorrhagic Pancreatitis Type . — ^The attack is sudden, with 
violent pain in the epigastrium, followed by vomiting and collapse. 
Tenderness and tympanites may be present in the epigastrium. 
Blood examination reveals subtertian parasites, and quinine effects 
a cure. 

Pseudo-Peritonitic Type . — This is characterized by fever, pinched 
face, vomiting, pain and tenderness all over the abdomen. Malarial 
parasites are found in the blood, and quinine cures the condition. 

Gastritis Type . — This is characterized by acute or by chronic 
indigestion, yielding to quinine treatment. In old people, especially 
when anaemia is present, cancer may be suspected. 

III. With ' Respiratory System ' Localization. 

It will be remembered that during the ordinary attack of any 
malarial fever there are a few dry, rather coeirse, rales to be heard 
when the temperature begins to fall, and earlier, at the beginning of 
the attack, there are often — as first noted by Castcllani — very 
minute crepitations at the base, probably of pleural origin, which 
generally disappear when the temperature has reached its highest 
point. They both speedily disappear, but every now and then, 
even in ordinary attacks, they are more pronounced, and the 
patient suffers from cough or pain on taking a deep breath. 

Slight as these usually are, they nevertheless are the basis of the 
respiratory system types of pernicious malaria, which may be 
classified as follows: — 

1. Pseudo-bronchitic type. 

2. Pseudo-pneumonic type. 

3. Pseudo-pleuritic ty^e. 

Pseudo-Bronchitic Type . — ^This subacute or chronic dry bronchitis, 
with little or no fever, is cured: by a few doses of quinine. 
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Pseudo-Pneumomc Type . — ^This is often of the 'nature of a 
broncno-pneumonia, and is accompanied with blood expectoration, 
in the red corpuscles of which parasites may be seen, dyspnoea, and 
cough. The symptoms are better in the remission of the fever, and 
worse during the attack. The blood is full of parasites. In many 
cases broncho-pneumonia in malarial patients is not due directly 
to the malarial parasites, but is a complication due to the pneumo- 
coccus. 

Pseudo 'Pleuritic Type. — Intermittent pleuritic pernicious fever 
has been described, with sharp pricking pain, dry cough, and 
friction sounds, which improve in the remission, and become worse 
again in the attack. 

Pleurisy of malarial origin is without effusion. 


IV. With 'Circulatory System' Localization. 

Atypical subtertian malaria with circulatory system symptoms 
rnay be classified into: — 

1. Pseudo-anginal type. 

2. Endarteritis type. 

3. Intermittent claudication type. 

4. Erythromelalgia type. 

Pseudo-Anginal Type. — The right heart has been noticed to be 
enlarged in attacks of malarial fever, and sometimes these symptoms 
become marked, with severe pain in the cardiac region of an anginal 
nature, sometimes accompanied by vomiting of blood, a development 
of the algide condition mentioned above, and death. 

Sometimes the anginal syndrome is very marked, but the con- 
dition is amenable to treatment by quinine. 

Pseudo-Endarteritis Type. — A superficial artery may swell, become 
hard and knotty to the touch, and extremely painful. There is 
no fever, and the blood examination may be negative, but the 
condition yields to quinine. 

At other times dry gangrene may be the only sign of an endar- 
teritis of a deeper and more important vessel. Search should be 
made for malarial parasites, and if there is any reason to suspect 
malaria as a possibility, quinine should be administered. 

Intermittent Claudication Type. — From time to time the patient 
is unable to put his foot to the ground, because he feels pain in the 
calf of the leg and there may be an absence of pulse in the dorsalis 
pedis artery or in the posterior tibiai. Quinine cures the condition. 

Erythromelalgia Type. — The hands, and at times the feet as well, 
become flushed, and the patient complains of pain and tingling 
in the fingers and at times the toes also. Quinine is the correct 
treatment. 

Heart Block. — This may be due to malarial parasites. 

Rarer Forms . — Certain authors admit endocarditis as being of malarial 
origin. 
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V. With 'Ductless Glands' Localization. 

The types with which we are acquainted are those concerning the 
suprarenal capsules — viz., suprarenal haemorrhage and the pseudo- 
Addison type, and those affecting the thyroid gland. 

Suprarenal Hcemorrhage Type. — The sign and symptoms are those 
of acute peritonitis, but though the blood shows no malaria para- 
sites, it equally shows no signs of polymorphonuclear leucocytes^. 
There is no enlargement of the spleen. Quinine should be adminis- 
tered, and the blood again and again examined for parasites. So 
far the cases have ended fatally as far as we know. 

Pseudo- Addison Type.- — There is a pigmentation of the skin 
associated with great loss of flesh and severe asthenia, with or 
without splenic enlargement, with or without fever, with or without 
parasites in the blood, but benefited by quinine. 

Thyroid Type. — Intermittent and slight swelling of the thyroid 
gland has been observed in cases of malaria. 

VI. With 'Urogenital' Localization. 

Subtertian malaria with genito-urinary symptoms may be 
classified into: — 

1. Orchitic type. 

2. Ovaritis type. 

3. Priapism type. 

4. Functional generative changes. 

5. Nephritic type. 

6. Polyuric type. 

7. Malarial hsemoglobinuria, 

Orchitic Type. — Sudden severe pain in the testicles in a person 
who may never previously have suffered from typical malarial 
fever. The testicles become slightly swollen and very tender. 
There is no effusion. The temperature rises and the patient feels 
very ill, but the symptoms may be intermittent. A blood examina- 
tion reveals malarial parasites, and quinine cures the condition. 

Ovaritis Type. — Neuralgia of the ovaries is met with at times as a 
malarial symptom. 

Priapism Type. — This is rare and is not influenced by the ordinary 
drugs, but is cured by large doses of quinine. 

Functional Generative Changes. — Impotence, amenorrha^a, and 
metrorrhagia have been assigned to malaria. 

Nephritic Type. — A type of malarial nephritis has been described. 

Polyuric Type. — After one or two days of malarial fever, due to 
the subtertian parasites, a patient may begin and continue to pass 
enormous quantities of urine, which may cause considerable alarm. 
Energetic quinine therapy will stop this excessive flow. 

Malarial Hcemoglohinuria. — This will be considered in Chap- 
ter XLL, p. 1213. 

Malarial mastitis has been recorded. Quarelli has described a case of 
malarial chyluria. 
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VII. With 'Cutaneous* Localization. 

Pseudo -Small'pox Type. — This is characterized by high fever, 
severe pains in the back, associated with the papular eruption which 
appears on the second or third day, and consists of small shotty 
papules which never become vesicles or pustules, which are especially 
abundant on the face. It may require repeated blood examinations 
to find the parasites, and the spleen may not be enlarged, but 
quinine quickly cures the condition. 

Herpes. — Herpes is not rare in attacks of malarial fever. It 
recurs with each attack, and usually at exactly the same spot on 
which it was situate during a previous attack — e.g., on the lips, the 
tongue, the face, and the genital organs, etc. 

It may occur without febrile symptoms, at a time when an attack 
of fever is due. Herpes zoster is very rarely seen. 

Rarer Eruptions. — Malarial erythemat a, malarial urticaria, 
malarial purpura, and malarial patchy oedema, resembling Malabar 
swellings or Quincke*s oedema, may be mentioned. Ulcerative and 
gaiigrenous eondiiions liave been recordc'd. 

Pigmentation. — The black hyperpigmentation of malaria is quite 
common, and may be present in patches, chloasma malaricum, or it 
may be dihused, and in the latter case may be associated with the 
syndrome of Addison's disease (see p. iivSo). In chronic cases the 
skin takes on a peculiar pale yellow or ashy grey tinge. 

VIII. With ' Special Sense* Localization. 

Subtertian malaria may concentrate its attacks upon the eye or 
the ear (see also p. 2004). 

Amaurotic Type. — During an attack of pernicious fever a patient 
may complain tliat he is unable to see. When treated with quinine, 
as a rule sight soon returns, but more rarely blindness may result, 
due to thrombosis of the retinal vessels, and consequently retinal 
haemorrhages and optic neuritis. One eye only may be attacked. 
This condition must be differentiated from quinine amaurosis. 
In malarial amaurosis the pupils react to light, and vision is, as a 
rule, not completely lost. In quinine amaurosis the pupils are widely 
dilated, do not react to light and other symptoms of cinchonism, 
such as deafness, severe tinnitus aurium, etc., will be present. 

Aural Type. — In this there is a deafness which is not due to 
quinine, but to the lack thereof permitting the subtertian parasites 
to damage the organ of hearing. It is rare and chronic. Richardson 
records cases simulating mastoid disease. 

Meniere s Type. — Buzzing of the ears with giddiness, and at times 
the patient falls down. These attacks, which are very severe, are 
of malarial origin, but rare. The practitioner must differentiate 
this disease from aural symptoms due to quinine, which may 
induce buzzing, but seldom severe giddiness. Moreover, symptoms 
due to quinine improve or disappear on the drug being discontinued. 

Loss of taste and anosmia may be noted. Symptoms simulating a frontal 
sinus affection may occur. 
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PERNICIOUS MALARIA. 

When any of the above-mentioned syndromes caused by the 
subtertian parasite become serious, and threaten to endanger the 
life of the patient, they are called ' pernicious malaria,' which is 
therefore commonly caused by Laverania malarice. 

More rarely pernicious malaria may be due to the quartan or 
tertian parasites being present in enormous numbers in the blood, 
when the syndrome usually produced is without localization and 
most frequently of the comatose type, 

CHRONIC MALARIA. 

Chronic malaria may result from infection by any of the three 
malarial parasites, but is usually caused by Laverania malarice, the 
subtertian parasite. 

The symptoms of chronic malaria are repeated attacks of slight 
fever, which may pass unnoticed; enlargement of spleen and liver; 
and pigmentation of the skin and mucosae. This pigmentation is 
particularly to be noted in the tongue in dark races, while in white 
races Gerhardt's urobilin icterus may be seen in the skin. Other 
symptoms are oedema about the feet, associated with anaemia, 
which may be marked; the presence of malarial parasites in the 
peripheral blood during an attack of fever; and often palpitation 
and dizziness, bronchitis and digestive troubles, and a general 
disinclination for exertion and work. The urine shows an increase 
of urea and urobilin. If this state of affairs is allowed to continue, 
it may pass into malarial cachexia with enormous enlargement of 
the spleen, which is firm to the touch and not tender or painful, 
associated with a profound secondary anaemia, and great reduction 
of red cells and haemoglobin, with increase of mononuclear leuco- 
cytes. In boys and girls the onset of puberty may be arrested 
(malarial infantilism). 

In malarial cachexia the apyrexial intervals are long, during 
which search may in vain be made for the parasite in the peripheral 
blood, but it is usually found during the febrile attacks, which 
may be quite mild. This is a condition, however, in which blood 
examination does not help the diagnosis as it does in other forms 
of malaria, and the clinical symptoms require to be studied, for 
the disease resembles kala-azar, while it may also be mistaken for 
ankylostomiasis. 

Chronic malaria, of course, is due to insufficient treatment of the 
acute disease by quinine. 

MALARIAL RELAPSES. 

The cure of an attack of malaria, unfortunately, does not end 
the disease, for relapses are the rule and not the exception; in fact, 
using an expression of Mannaberg’s, ' Malaria is one of those infec- 
tious diseases in which a relapse may be considered as an essential 
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feature.' The reason is that the parasites are not all killed off by 
the quinine. There are two different types of relapses: the first, 
after a short interval, may be called the true relapse; the second, 
after a longer interval, may be called the recurrence. Relapses and 
recurrences are probably caused by parasites belonging to the cycle 
of schizogony, and by the parthenogenesis of the macrogametoc5^e, 
which belongs to the cycle of sporogony. 

Relapses of quartan fevers take place at irregular intervals, and 
the suggestion that they are most usual at about the twentieth 
day is not correct. Tertian fevers relapse most commonly from 
the fifth to the eighteenth day, and subtertian about the end of a 
week after the original attack, but these times are extremely vari- 
able. These relapses are historically interesting, as they probably 
represent the quintans, sextans, septans, octans, nonans, etc., of 
ancient authors. 

Recurrences take place after long intervals without fever and 
without reinfection. Exactly how long the parasites can lie dormant 
in the human body and then wake to activity 'u.nd cause fever is 
not known. Intervals of two and three years are readily credited 
nowadays, but it is in our experience certain that the length of 
time may be much longer. 

Parasites can certainly be found in the blood of persons long 
after they have left the tropics; thus, Ross mentions that they 
wel'e found in a case in Liverpool four years after absence from any 
malarious locality, and also states that his own father suffered from 
attacks once or twice a year, even after nine years’ residence in 
England. 

It is probable, then, that the old idea that the malarial parasite 
can exist or lie dormant for years in the system, and awake to re- 
newed activity when given a suitable opportunity, is true. During 
the apyrexial intervals it must, of course, be going through a cycle 
of schizogony, but not in sufficient numbers to cause disease. These 
parasites will increase rapidly, and cause fever when the general 
vitality of the body is lowered by any of the predisposing causes 
already mentioned, but especially by a chill, coming into action. 

MALARIAL REINFECTIONS. 

In tropical countries where there are plenty of anophelines and 
many inhabitants, European and native, adults and children, with 
numerous gametocytes in their blood, reinfections are found to be 
common. Many cases of apparent recurrence in these countries 
must be reinfections, which, of course, may be with the same or a 
different species of parasite from that causing the first fever. 
Repeated infections are the great cause of the quotidian and irre- 
gular fevers of the tropics. 
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COMPLICATIONS. 

Many other diseases may occur in the human body at the same 
time as an attack of malaria; but of all, the most important are 
typhoid, dysentery, pneumonia, and nephritis. 

Typhoid as a complication is, of course, due to the Bacillus 
typhosus occurring in a person who is also infected by malarial 
parasites, and in that sense, therefore, the old term ' typ] 10-malaria ' 
is correct. 

Dysentery may be a complication due to the Loeschia histolytica 
or to the dysenteric bacilli, but it may also be directly caused by 
the malarial parasite alone (p. 1177)* 

As to whetlicr there is or is not a malarial pneumonia is a vexed 
question; personally, we are of the opinion that a severe subtertian 
fever may produce symptoms resembling a pneumonia, but that 
true lobar pneumonia, when present in a malarial subject, is due to 
the pneumococcus, and is therefore a complication. 

Nephritis may be found in tertian and subtertian fevers, being 
directly due to the irritation of the kidney by the malarial toxins. 


SEQUELiE. 

Many so-called sequelae have already been described under 
Atypical Subtertian Fevers (see p. 1168). The possible sequelae of 
malaria are very numerous, and maybe classified into those belong- 
ing to the nervous system and sense organs, the blood, the liver, 
and the spleen. 

The subtertian parasite may leave severe traces of its action upon 
the brain after pernicious attacks, and, indeed, the mind may never 
regain its old condition. Apart from the milder alterations ol 
disposition and character, actual insanity in the form of mania or 
melancholia may result. 

Neuritis in some form is sometimes of malarial origin, but it is 
quite possible that alcoholic and arsenical poisoning, and, indeed, 
beri-beri, may have been confused with it. We have seen cases of 
polyneuritis of malarial origin, but the condition is rare. Neiiralgias 
have already been mentioned, and arc probably in some cases due to 
the direct influence of the malarial toxins. TinniUis aurium, vertigo , 
deafness, anosmia, and loss of taste, are said in some cases to Idc 
malarial in origin. 

Severe and long-continued ancemia may result as a consequence 
of malaria caused by the subtertian, and much more rarely by the 
other parasites. The classification and characters of these anaemias 
have already been given in the section on Pathology, to which 
reference should be made (pp. 1144 and 1151) . 

Cirrhosis of the liver of malarial origin is, in our experience, much 
less frequent than admitted by many writers. Cirrhosis of the liver 
is common in the tropics, and in certain cases is due to alcohol; but 
one of the writers has pointed out that, at all events in Ceylon, a 
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polyfibrosis of liver, pancreas, and kidney can be met with which 
has no malarial origin. 

The enlargement of the spleen has already been described, and 
rupture as the result of blows or injuries is by no means unknown, 
though not common, and requires prompt surgical attention. We 
have only come across one case in our experience. 

Tremors are not infrequently seen in chronic malaria, though 
more rare in acute malaria. Fine tremors, consisting of bilateral 
fine oscillations of small amplitude, caused by the alternate action 
of antagonistic muscles, may occur in the limbs and more rarely 
in the head. They are most common in the upper limbs, and 
especially in the hands. In the head there may be nystagmus or 
the tongue may be implicated. These tremors are increased by 
effort, fatigue, or emotion. Coarse tremors are usually exaggerations 
of fine tremors, and are often due to emotion, such as examination 
by the physician. Intentional tremors are produced in the hands, 
and sometimes in the head and neck, and are due to voluntary 
movement. They are not very uncommon in malarial infections. 

The fine tremors must be distinguished from the fine tremors 
due to quinine, which are not very rare when the drug has been 
given for long periods. These tremors disappear in days, weeks, 
or months after the drug has been discontinued. 

In malarial patients coming from war zones tremors and ataxic 
movements are not rarely seen, but these tremors are neither 
due to malaria nor to quinine, being of hysterical origin (sensvt 
lato), and disappear often after treatment by suggestion. 

DIAGNOSIS. 

The diagnosis of malaria may be simplicity itself, or, on the other 
hand, it may be most difficult, as there is practically no sign or 
symptom of disease of the human body which it cannot mimic. We 
venture to impress upon the reader the vital necessity of making 
1 thorough and careful clinical examination, as in many cases this 
alone may be the key to a correct diagnosis. 

The positive signs of malarial infections are: — 

1. Tertian or quartan periodicity , no matter what the symptoms 
may be. 

2. Tertian, quartan, or subterlian parasites present in the peri- 
pheral blood. 

3. Pigment in the leucocytes. 

4. Quinine, properly administered, producing beneficial effect 
upon the symptoms. 

The complementary signs suggesting malarial infections are: — 

1. Spleen enlarged and hard, no matter what the symptoms may 
be. 

2. Slightly enlarged and tender spleen in exhibiting syndromes 

usually significant of another disease, if the usual tests for the causal 
agent of the other disease are negative. 
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3. Presence of mononucleosis in association with other features of 
malaria. 

4. Pigmentation of the skin. 

5. History of old malarial infections. 

Malaria should not be excluded by 

1. Absence of malarial parasites from the blood, even after repeated 
examinations, especially in people who have taken quinine, and 
unless the examinations have been repeated many times and at 
varying intervals, 

2. Absence of mononucleosis. 

3. Absence of enlargement of the spleen. 

4. Absence of ‘ prompt reaction ’ to quinine. 

The question of driving the malarial parasite from a hiding-place in some 
organ into the peripheral blood by giving a small ‘ provocative dose ' of quinine, 
injections of vaccines, of sterile milk, of strychnin, of adrenalin, by spleen 
douches, violent exercise, by ultraviolet light, etc., has been attempted, but 
reliance cannot be placed upon these methods as a practical aid to diagnosis. 

Splenic puncture, and the subsequent examination of the blood 
obtained in this way, would help diagnosis considerably, but is not 
devoid of risk. 

It is generally stated that a fever wliich within four days is not influenced 
by quinine in full doses is not malaria. This is correct as regards malarial 
fevers due to tertian and quartan parasites, but not always as regards those 
caused by the subtertian parasite. We have met with cases in which the fever 
has remained unaffected, while the parasite can be found in the peripheral 
blood, notwithstanding several weeks’ quinine therapy by various methods. 

In malarial cachexia James has pointed out that the microscopical is inferior 
to the clinical examination, drawing attention to the fact that a four-hourly 
temperature chart carefully kept during one of the febrile attac'ks will often 
show the typical curve of subtertian fever. In such difficult cases the clinical 
signs, together with the reaction of the disease to quinine, must be utilized. 

In latent malaria the frequent increase of the urobilin in the urine may be 
of some slight help in the diagnosis, as pointed out by Plehn, together with 
indefinite periodical rheumatoid pains. Thomson has devised a diagnostic 
method based on complement deviation, using as antigen a culture of malaria 
parasites from a heavily infected case. The reaction, however, seems to be 
positive also in cases of sypliilis. Details may be found in Thomson's paper, 
British Medical Journal, December 7, 1918. 

The differential diagnosis of the various forms of malarial fever 
should be confirmed, no matter how evident the clinical symptoms 
may be, by microscopical examination. 

The most important diseases to differentiate from malaria are 
typhoid, insolation, liver abscess, kala-azar, Malta fever, influenza, 
yellow fever, dengue, and seven-days’ fever. For the differential 
diagnosis see Chapter LX. (p. 1511), which deals with the diagnosis 
of a tropical fever. 

The pernicious forms of malaria, in whatever way they attack the 
patient, will in most cases be readily diagnosed by blood examina- 
tion, as will also the masked form of the disease. 

Fevers due to septicsemia caused by a streptococcus, the pneumococcus, 
and the gonococcus, may resemble malaria, but can be excluded by bacterio- 
logical examination, as can influenza when it gives rise to an intermittent 
type of fever. 
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PROGNOSIS. 

Quoad vitam the prognosis is usually good if. an appropriate 
quinine therapy is carried out, but it must be remembered that per- 
nicious cases tend to a high mortality, notwithstanding all treat- 
ment, and even in the usual benign cases the cure is very often 
merely clinical and not complete, as is also seen in other protozoal 
diseases such as syphilis, yaws, and amcjebiasis. 

There are two further points to be considered under this head- 
ing, and they are: — 

1. The probability of recovery. 

2. The probability of a cure. 

1. Probability of Recovery. — This depends upon; — 

[a] The type of fever. 

[h) The condition of the patient with regard to race, age, sex, 
physical fitness, the presence or absence of other diseases, idiosyn- 
crasy to quinine, and the duration of the symptoms. 

(c) The nature of the country in which the patient is living. 

The Type of Fever. — -Quartan and tertian infections, especially 
in the simple type, give the best prognosis, but quotidian infections 
and fevers due to the subtertian parasite should be viewed as more 
dangerous, while pernicious malaria must be regarded as extremely 
dangerous. 

Race. — -The mortality among natives of bad malarial regions is 
usually low, while that among Europeans is high. Ihc death-rate 
in a native race which has comparatively recently been subjected 
to increased danger of malarial infections is sometimes truly 
appalling. 

Sex. — There is a better prognosis for males than for females, and 
there is a distinctly worse prognosis for an attack taking place during 
pregnancy. 

Age. — -Children often have more severe attacks than adults, but 
can usually stand quinine well, which rather balances this disad- 
vantage. 

Physical Fitness.— Persons debilitated by long residence in 
tropical countries or from existence upon poor food are not in a 
condition to resist severe malarial infections, and therefore the prog- 
nosis is rendered more serious. 

Complications. — The presence of complications in any form — 
e.g., typhoid fever, etc. — naturally makes the outlook more serious. 

Quinine. — Idiosyncrasy to quinine of an anaphylactic nature 
is most serious, but can be combated by commencing with very 
small doses, and slowly and steadily working upwards. 

Duration of the Symptoms. — If the symptoms persist in the 
face of quinine therapy the prognosis is serious. 

2. Probability of a Cure. — ^The probability of a cure — that is to 
say, of a so-called bacteriological sterilization of a patient with 
regard to the malarial parasites — is a very doubtful matter, as the 
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affection is able to lie dormant for months and years, even after 
the tropics and any source of infection have been parted with 
entirely. At times one may be lucky enough to catch all the para- 
sites sporulating, and to kill them with one large and properly 
applied dose of quinine. This has certainly happened to us with 
regard to the subtertian parasite in certain cases, but it may have 
been accidental. The infection may remain dormant for years, and 
be reawakened by any cause lowering the resisting powers of the 
individual, such as a chill, a traumatism, or an operation. In 
temperate climates there is often a seasonal dormancy in winter. 

TREATMENT. 

Essential Treatment. — There is one specific remedy for malaria, 
and this is Quinine, which should be given immediately upon the 
diagnosis of malaria being made, and may be administered as 
follows: — 

A. When the Patient is First seen in an Acute Attack. 

I. In Benign Intermittent Fevers (Quartan and Simple Tertian) 
give quinine in solution by the mouth, if the patient is not sick, in 
10 grain doses three times a day, or in doses of 15 grains in the 
morning and 15 grains in the evening. 

In a certain number of cases it is advisable to give with each dose 
of quinine 5 grains of sodium bromide in solution, in order to combat 
any nerve effects of the drug. The bowels should be freely opened 
with calomel, followed by salines. 

If the heart is not working properly, caffeine citrate in i to 3 grain 
doses may also be administered, either by the mouth or hypo- 
dermically. 

[f this dosage of quinine is found to be insufficient, as judged by 
the persistence of the symptoms, increase it to 10 grains every 
four hours instead of three times a day. 

II. In Severe Intermittent, Remittent, and All Subtertian Fevers 
give quinine by intramuscular injection in a dose of 15 grains as 
soon as the diagnosis is made. Repeat the injection daily, and in 
addition administer the drug by the mouth in 10 grain doses three 
times a day. 

In these fevers as much as 45-60 grains of quinine may be re- 
quired in twenty-four hours to combat the symptoms, and should 
be given by a combination of intramuscular injections with oral 
administration. 

Sodium bromide, the purgative and cardiac drugs mentioned 
in the preceding section, may also be given. 

The injection is to be made in a thoroughly antiseptic manner. Use a vial, 
containing X5 grains of quinine bihydrochloride in i cubic centimetre of fluid, 
manufactured by some reputable firm. The injection may be made deep 
into the muscles of the gluteal region, care being taken to avoid the line of the 
sciatic nerve, or deep into the loose tissue, extending from the lower angle of 
the scapula to the crest of the ilium. The vials made by different firms vary 
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very much in the degree of pain or discomfort which they produce, but some 
(in pre-war preparations) caused very little pain if given, as should always 
be done, with the strictest antiseptic precautions. For fuller instruction* 
see Method of Administration, p. 1193. 

Do not hesitate to give intramuscular injections of quinine. They 
have saved many lives, but the strictest antiseptic methods must 
be used. 

III. In Pernicious Malaria. — In pernicious fevers give quinine 
at once by intravenous injection. 

The quinine injection should be made into the median basilic or median 
cephalic veins, and not less than i gramme (15 grains), dissolved in sterile 
5 c.c. of physiological SeJt solution, should be injected at a time. The 
skin over the selecn^d vein should be rendered thoroughly aseptic by 
soap and water and carbolic lotion, or by painting with tincture of iodine, 
and then a bandage tied round the arm, so as to retard the flow of venous 
blood and make the selected vein stand out. Then the needle should be 
inserted into the vein (care being taken that there is no air in needle or syringe) 
in a sloping direction, with the point towards the heart, so that the injection 
can flow with the circulation. The point of the needle should be felt to be 
loose {i.e., in the vein). The bandage must now be loosened and the injection 
made slowly, the effect on the pulse being noted. The needle is now with- 
drawn, and an aseptic pad fixed in position by a bandage. 

The effect of quinine on the circulation must be remembered, and if the 
pulse is bad, it is advisable to give an injection of ether as a preliminary. 

If the serious symptoms persist the intravenous injection may be 
repeated in four hours, and further medication may then be carried 
on by intramuscular injections. Not more tlian two intravenous 
and two intramuscular should be given, under any circumstances, 
in twenty-four hours. 

When the serious symptoms abate the intramuscular injections 
alone should be used, and should be given once or twice a day, 
and supplemented by oral administration, as indicated above. 

B. During the Course of the Fever. 

I . // the symptoms are abating the dosage of quinine may be 
reduced slowly to about 30 grains per diem, but this must not be 
done too ‘^quickly, and care must be taken to increase this dosage 
at once if there are any signs of a return of the symptoms. 

During the course of the fever the bowels must be kept regularly 
open, the urine must be carefully watched as to quantity and colour, 
and tested chemically from time to time, while blood examinations 
should also be made at times and the pulse carefully noted. 

II. If the symptoms are not abating the probability is that in- 
sufficient quinine is being administered, and in such cases the drug 
should be carefully increased. 

If only oral administration has been used it should be at once 
supplemented by intramuscular injections. 

Care should also be taken that the bowels are kept well opened, 
that a sufficiency of fluid is drunk to provide a good flow of urine, 
and that the heart's action is well supported by stimulants and by 
drugs if necessary. 



iigo 


THE MALARIAL FEVERS 


In order to combat severe symptoms, it may be necessary to 
give 45-60 grains of quinine, or even more, per diem, but this must 
be done carefully, and the dosage must at once be reduced when 
improvement appears. As a rule, not less than 30 grains in the 
twenty-four hours should be given. 

Quinine often takes effect before the expiration of four days of 
thorough treatment, but it may be necessary to continue the ad- 
ministration of large daily doses longer than this period. If quinine 
appears to be ineffectual in checking the symptoms, care must be 
taken to exclude any other possible cause for the symptoms. 


C. When the Acute Attack has Subsided. 


Continue to administer quinine orally for at least three months. 
During the first month give it in 10 grain doses twice or thrice 
daily. During the second month 5 grain doses thrice daily. During 
the third month 5 grain doses twice daily. 


The quinine may be administered, as the hihydrochloride, in crushed tabloids, 
but if it is desired to use the more insoluble salts (see the paragraphs on the 
theoretical considerations lower down in this chapter) a mixture such as the 
following may be given: — 

Quinine sulphate . . . . . . 10 grains. 

Dilute sulphuric acid . . . . 10 minims. 

Syrup of orange . . . . . . i drachm. 

Distilled water . . . . . . i ounce. 

Euquininemay be substituted for quinine for the purposes described in this 
paragraph, but must be given in slightly larger doses. 

With the commencement of convalescence it is useful to give 
some Ionic mixture such as: — 


Iron and quinine citrate 
Liquor strychninae hydrochloratis 
Syrup of orange 
Distilled water 


10 grains. 
3-5 minims. 
I drachm. 

I ounce. 


This should be taken three times a day half an hour after meals. 
See that the patient’s bowels are kept regularly open every day. 
Notwithstanding all care and energetic quinine treatment, 
relapses are prone to occur some variable time after medication 
has ceased. 


D. Relapses. 

When relapses occur after thorough quinine treatment it is 
advisable to combine with this drug arsenic and . at times tartar 
emetic and phosphorus. 

The following mixture introduced byCastellani indicates the line of medica- 
tion suggested : — Quinine sulphate, 10 grains; dilute sulphuric acid, lo minims; 
tartar emetic, grain; codein, |i-J grain; syrup, i drachm; chloroform 
water, to t ounce. 

Another formula used by Castellani is: Quin, hydr., gr. x.; tartar emetic, 
gr. -J; liq. Fowled, Uti.; syr., 3 ii-; aq. chlorof. ad Ji. 

Two tablespoonfuls of this mixture may be taken, well diluted with water, 
every four hours. 
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In addition it may be necessary to resort to intramuscular injections of 
15 grains of quinine daily, and it is sometimes advisable to alternate this, 
every other day, by a subcutaneous injection of the phosphorated oil of "the 
British Pharmacopoeia in doses of from i to 4 minims. 

The above forms the quinine-phosphorus-tartar-emetic treatment for 
malarial relapses devised by Castellani, and found useful by Quarelli and others. 

Baccelli’s mixture, slightly modified, has the following formula: Quin, 
bisulph., gr. 8; ferri perchlor. (Ital. Pharm.), gr. 3; liq. Fowleri, aq.to Ji. 
It is very bitter. 


E. Chronic Malaria. 

Chronic malaria should be treated by the methods given just 
above for relapses. Intramuscular injections of quinine are specially 
useful in this condition, and should be given in courses of hfteen 
daily injections. The courses should be repeated two or three 
times after varying intervals. 

F. Malaria in Pregnancy. 

Give the usual twenty-four hourly dosage of quinine, but divide 
it up into small individual doses of 2 to 5 grains. 

G. M.\laria in Children. 


The dosage of quinine for children is as follows: — 


A(^e of Child. 

Dose of Quinine. 

Number of Doses in 
Twenty-four Hours, 

Under twelve months 

^ to grains. 

Six. 

I to 3 years 

T to 2 grains. 

Six. 

3 to 10 years . . 

2 to 3 grains. 

Six. 

10 to t 6 years . . 

3 to 5 grains. 

Six. 


H. Remarks. 

It may be thought that in the above we have been too dogmatic, 
but our excuse is that we desire to lay before the practitioner our 
experience of many years of tropical practice. 



Fig. 626. — Temperature Chart to illustrate the Benefit of Intra- 
muscular Injections given at 4- + 4- + -f- + , as compared with 
the Prolonged Oral Therapy of Days Previously. 
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The dosage of quinine in use in England and non-malarial countries 
is perfectly useless in highly malarial tropical districts. 

An attempt is made in the above system of treatment to prevent 
relapses and recurrences as far as is possible. 

Details of Treatment. — The various other points connected 
with treatment may be considered as follows: — 

A. Quinine therapy, 

B. Symptomatic treatment. 

Quinine Therapy. — There are a number of details which require 
elaboration with regard to quinine therapy, and these are:- — (i) The 
dose; (2) the time of administration; (3) the method of adminis 
tration ; (4) the duration of treatment. 

The Dose. — To adults we generally give three times a day by the 
rnouth 5 to 10 grains of the ordinary preparations (sulphates, hydro- 
chloride, etc.). The routine mixture is composed of quinine sul- 
phate, 5 to 10 grains; dilute sulphuric acid, 5 to 10 minims; syrup 
of orange, i drachm ; distilled water, i ounce. We give euquinine in 
slightly larger doses. 

By intramuscular or intravenous injections we give 15 grains, 
by the rectum 30 grains: but when given by the last method, some 
tincture of opium should be added, to prevent irritation, wliich 
otherwise is liable to occur. Five or ten grains of potassium bromide 
added to each dose of quinine will, to a certain extent, prevent 
tinnitus aurium. In cases in which the heart is weak a few minims 
of tincture of digitalis should be prescribed. 

Children suffering from malaria stand quinine well, and the 
minute doses advised in so many treatises on the diseases of children 
are, in our experience, utterly inadequate in the tropics. Infants 
under one year of age may receive from 1 grain to grains six 
times a day; children between one and three years of age from 
I gram to 2 grains six times a day, and those between three and 
ten years 2 to 3 grains six times a day. 


Nocht has advised the administration in adults of quinine in small repeated 
OSes oi 2 ^ grains five times a day. This method is useful when there is a 
en ency to hpernoglobinuria and in pregnant women in whom the administra* 
ion OI lull doses may induce abortion; but this action has been greatly exag- 
prated many cases ascribed to quinine being due to some other cause. We 
^ ^5 grains of quinine daily to pregnant women, but divided 

, ^ 3 grains, and in severe cases have pushed the drug 

Tn effects. The addition of a little opium may prevent bad effects. 

P. showing anaphylactic symptoms such as dyspnoea, dysphagia 

• ^rid Saint-Girons give quinine as follows; tiie first day 

a e ensive dose of gr. quinine sulphate mixed with gr. 8 sodium bicar- 
hours later, gr. The second day. two hours 
atpr tp defensive dose.' gr. 3 is administered. The third day, two hours 
alter tp piensive dose, gr. 6 is given, and so on, gradually increasing the 
amount of quinine. » / b 


Time of Administration. — ^The best time to give quinine to a 
healthy person for purposes of prophylaxis, or to a convalescent for 
purposes of effecting a cure, will be at meal-times, and preferably 
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directly at the end of the meal, so that it can enter the blood with 
the products of digestion, and so obtain its fullest action. It has 
been our rule in most cases to advise that it should be taken directly 
after the early morning meal. 

The haemolytic action of quinine must be remembered, and the 
fact that it may by this action give the liver more work by extra 
bile production. Consequently, it is most necessary to remind the 
above class of patients to take care that the bowels are open regu- 
larly, and to correct by suitable aperients any irregularity that may 
exist. 

With regard to mild quartan and, tertian fevers, there is not the 
slightest doubt that excellent effects are obtained by giving the 
drug four houia before tlu, attack — i.e., before the sporulation of 
the parasite is due. In this way the merozoites are most likely 
to be killed. This may be modified by giving the drug twice daily, 
one dose of lo grains by the mouth in the morning, and the other 
dose of 10 grains at the above-stated time. This method we have 
found most useful, as it allows for irregularity in sporulation. 

In many cases, however, we give the drug three times a day, 
without regard to the conditions of parasitic life, and this method 
is apparently not less successful. 

In more severe forms of quartan and tertian, and in cases of 
suhtertian fever in which the patient is seen for the first time during 
the attack, the drug should be given intramuscularly or by the 
mouth, when it may be administered on the fall of the tempera- 
ture, when the gastric irritation is lessening, and then continued by 
one of the above methods. 

In cases of serious and of pernicious attacks, time must not be 
wasted in waiting for temperatures to fall or for symptoms to im- 
prove, otherwise the patient will die, and there must be no hesita- 
tion in giving either an intramuscular or an intravenous injection, 
according to the severity of the symptoms. 

Method of Administration. — For practical purposes there are 
only four methods of administration: — 

1. By the mouth. 

2. By the rectum. 

3. By intramuscular injections. 

4. By intravenous injections. 

By the Mouth. — If expense is no object, take the most soluble 
drug that can be got, and use ^ ither the bihydrochloride or the 
bisulphate; otherwise the sulphate must be used. In cases of 
women and children, euquinine may be used with advantage, but it 
should be remembered that it is very insoluble and expensive. 

The forms in which the chosen drug maybe administered are: — 

1. Powder. 

2. Solution. 

3. Tabloid, tablet, or pill. 

4. Cachet or capsule. 
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It is presumed that no doctor would allow his patient to take quinine in a 
cigarette-paper, though non-medical people are found who have got into the 
habit of using this method. 

As regards the powder, it is an efficient method of administering 
the drug to the healthy, if given directly after a meal, but the taste 
is most unpleasant. It is certainly the cheapest method. 

The acid preparations — for example, the bihydrochloride and 
bisulphate — may be dissolved in water, but should have some 
flavouring added to disguise the taste, while the sulphate requires 
an acid, which may be provided by suspending some of the powder 
in natural limejuice; but in order to dissolve the sulphate properly 
a rnineral acid should be used, in the strength of i minim to each 
grain, but more than this will be required if the unpleasant after- 
taste is to be avoided. 

In hospitals the sulphate must be used, as it is cheap and effective, 
but it is as well to have it periodically reported upon by an analyst, 
in order to see what is really being given to the patients. For 
hospital use it may be dissolved in dilute sulphuric acid, and have 
some cheap form of flavouring added. 

We have used Warburg’s tincture on the West Coast of Africa 
with apparent success in cases of chronic subtertian infection, 
which resist the ordinary methods of administering quinine, but 
care is required, as it may have a depressing effect upon the heart. 

Tabloids, tablets, and pills are pleasant methods of taking quinine 
for prophylaxis, convalescence, and mild attacks. Moreover, they 
are extremely useful for journeys, being readily carried, but in order 
to be successful they must not be old and hard. The hydrochloride 
or bisulphate should be used and the solubility tested from time to 
time in water, otherwise the tabloid must be reduced to powder 
and taken as indicated above. 

Pills and capsules are quite good when fresh, but they are apt 
to get hard when old, and are then useless, and must be opened 
and the powder used, if they form the only supply available. 

The quinine t annate chocolates are, of course, only used for 
prophylaxis in children. 

By the Rectum . — ^^Fliis method may be useful in gastric disturbance, 
but is not to be compared with the intramuscular. Twenty grains 
of the bihydrochloride are made into a solution in water, and then 
mixed with an ounce of mucilage of starch solution, and used as an 
injection. It is advisable to add a few drops of tincture of opium. 

Quinoform suppositories (gr. iii.) have been used in children by Pedro and 
others. 

Intramuscular Injections . — We arc not in favour of hypodermic 
injections of quinine — i.e., of injections simply under the skin — 
but strongly recommend intramuscular injections in all cases of 
malarial fever in which there is gastric disturbance, where, for any 
reason, the quinine is apparently failing to act, when the disease 
is becoming chronic, or in serious subtertian infections. For this 
purpose the bihydrochloride should be dissolved in normal (075 per 
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cent.) saline solution, and carefully sterilized. Baccelli’s formula 
is 10 grammes of quinine and 0*075 gramme (i^ grain) of salt 
dissolved in 10 grammes (2-I drachms) of water, one-tenth of which 
is used for an injection; but the greatest care must be taken that 
this solution is properly sterile. A good formula for a solution 
which does not cause pain is Gaglio’s or Giemsa's: Quinine hydro- 
chloride, 10 grammes; aquae destillatae, 18 grammes; ethylur ethane, 
5 grammes, of which one-twenty-fifth portion is used for an injec- 
tion (1*5 c.c. of the solution contains 0*5 gramme of quinine). 

If, however, the solution is to be prepared and sterilized while 
the patient is waiting for treatment, much time is lost. We there- 
fore recommend the tropical practitioner to purchase and keep by 
him the sterilcttes, which are little hermetically sealed vials con- 
taining a gramme (15 grains) of quinine in solution. These steri- 
lettes may be purchased from Squire and Sons, or Mart indale, of 
London; Burroughs Wellcome and Co.; or Molteui, of Florence. 
Giemsa’s solution may be obtained in similar sterile vials. 

The technique is simple: First cleanse the skin of the patient 
carefully with i in 40 carbolic lotion; then break off the glass seal 
of the vial at the nick in the neck, and pass the open mouth of the 
vial through a flame; then draw up the contained fluid into a 
sterilized all-glass syringe provided with a platinum iridium needle. 
Plunge the hypodermic needle deeply into the deltoid or gluteus 
maximus, and make the injection. Withdraw the needle, and place 
a little pad of wool, wrung out in i in 40 carbolic lotion, on the site 
of the injection. Performed carefully in the above manner, there 
need be no fear of tetanus or abscess formation, and the injection 
can be repeated at will. If necessary, a stimulant or an injection 
of ether may be given in the old and feeble before this intramuscular 
injection. After repeated injections of quinine, even if adminis- 
tered antiseptically, hard swellings may appear at the seat of the 
injections. In such cases the hypodermics should be stopped for 
a few days, and an ice-bag may be applied to the painful part. 

Notwithstanding the objections to this method brought forward by 
some authorities, we still strongly recommend it, as we have found it to 
be most successful in intractable cases, and have never so far seen any un- 
toward symptoms. We advise that the hypodermic syringe and needle 
should be sterilized by rinsing with i in 20 carbolic acid after boiling, as the 
carbolic acid does not interfere with the action of the quinine, and has an 
unfavourable influence upon any tetanus spores which may by any chance 
be present. Care should be taken that not too much carbolic lotion is left 
in the syringe and needle; otherwise a precipitate will form. 

Intravenous Injection . — In cases of pernicious infection with sub- 
tertian parasites, no delay should be made in giving the patient an 
intravenous injection, but the effect of quinine on the circulation 
must be remembered, and if the pulse is bad, it is advisable to give 
an intramuscular injection of ether as a preliminary. The same vials 
and apparatus should be used in the intravenous as in the intra- 
muscular injection. 

The injection should be made, using a 5 c.c. or 10 c.c, syringe, 
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into the median basilic or median cephalic veins, and not less than 
I gramme (15 grains) of the bihydrochloride dissolved in five or 
ten cubic centimetres of sterile physiological salt solution should be 
injected at a time. The skin over the selected vein should be ren- 
dered thoroughly aseptic by soap and water and carbolic lotion, 
or by tr. iodi, and then a bandage tied round the arm, so as to 
retard the flow of venous blood and make the selected vein stand 
out. Then the needle should be inserted into the vein (care being 
taken that there is no air in needle or syringe) in a sloping direc- 
tion, with the point towards the heart, so that the injection can 
flow with the circulation. The point of the needle should be felt 
to be loose [i.e,, in the vein). The bandage must now be loosened 
and the injection made slowly, the effect on the pulse being noted. 
The needle is now withdrawn, and an aseptic pad fixed in position 
by a bandage. 

Duration of Treatment. — When the fever has subsided and the 
patient is feeling better, the administration of quinine must not be 
discontinued, because there is the fear of a relapse, caused by 
parasites which have not yet been destroyed, and which may be 
living in the spleen ; or, again, there is the fear of the parthenogenesis 
of the macrogametocyte. In order that the treatment may be suc- 
cessful, the quinine must be continued for a long time. Our routine 
practice has been to continue with 10 grains three times a day 
for a month after the cessation of the fever, 5 grains three times a 
day during the second month, then 5 grains twice a day during the 
third month. In some cases when the fever has ceased it is advis- 
able to associate some iron and arsenic with the quinine, but these 
drugs should not be administered during the febrile attack. 

Symptomatic Treatment. — ^'fhe symptomatic treatment may be 
considered under the following headings: — 

1. Symptomatic treatment of acute malaria. 

2. Diet in acute malaria. 

3. Treatment of symptoms and special conditions. 

4. Treatment of convalescence. 

5. Treatment of chronic malaria. 

6. Treatment of malarial cachexia. 

Symptomatic Treatment of Acute Malaria. — The practitioner 
who works in the tropics must often be prepared to do the nursing as 
well as the medical treatment. When the attack begins, the patient 
must go to bed, and in the cold stage wrap up well with blankets. 
At the same time arrangements must be made in case of sickness 
or diarrhoea. The treatment of this and the warm stage must be 
to encourage perspiration, by warm lime-drinks, hot tea, etc., in 
order that the toxins may be passed out as quickly as possible. 
Ziemann recommends hot-air baths to bring on the perspiration. 
We have tried this method a few times, but have not been greatly 
impressed with the advantages. 

The headache may be relieved by cold applications, and where 
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there is no ice, dissolve some salt and juice of fresh limes or lemons, 
together with some vinegar or weak acetic acid and Florida water 
or eau-de-Cologne, in a small basin of water, and, after soaking 
handkerchiefs in this mixture, apply them one after the other, 
changing as they get warmed, to the patient's forehead. 

A little stimulation of the auricular branch of the pneumogastric 
by applying some of this cool lotion to the lobule and behind the 
ear is most refreshing to the patient. 

Another method of relieving the headache and pains about the 
body is to give phenacetin and caffein. Phenacetin or antipyrin 
should only be given in small doses (gr. ii.-iii.), and not to debilitated 
patients. 

When the sweating begins, the patient usually feels much better, 
but care must be taken to change the damp clothing, and when this 
stage is drawing to a close a sponge over with tepid water is most 
refreshing, after which he will probably go to sleep and wake 
feeling much better. 

Diet in Acute Malaria. — During the attack the strength must 
be maintained by light food, such as Brand h essence or chicken- 
broth, and stimulants, in the form of brandy or champagne, may be 
required. Milk or whey may also be given, and in cases of stomach 
irritation albumen water. 

During remissions broths and clear soups and milk-puddings 
should be allowed. In the intermission of a quartan or tertian, 
and during convalescence, regular meals of good plain food may 
be given. 

Treatment of Symptoms and Special Conditions.- 
is often distressing, and can be relieved by sips of iced soda-water 
or champagne. When there is no ice, cover the bottle with a thin 
layer of flannel soaked in water, and hang in the bie.eze. If these 
simple remedies fail, and the symptom is really urgent, apply a 
mustard-leaf to the pit of the stomach, or give a mixture contain- 
ing chloroform or a hypodermic of morphine. If, despite all this 
treatment, tlie vomiting still continues, the stomach may be washed 
out with slightly alkahne water. 

Hiccough is not often present, and would be a most unpleasant 
sign. It can be checked by the mustard-leaf, by codein, or by a 
hypodermic of morphia (gr. J). 

Cough not infrequently worries the patient. . It may be sharp and 
dry, and is best treated by codcin or morphia in some form, e.g.:— 

Codeinse . . • • • • • • • • • • gr. J, 

Syrupi tolutanae . • • ♦ • • • • • • 

Aquae chloroformi . . • • • • • • . . ad 31. 

administered every four hours. 

Constipation must not be allowed, and should be promptly 
relieved by a dose of calomel (i to 3 grains), if necessary, followed 
by a saline. Ziemann strongly recommends washing out the rectuin 
with warm normal saline solution as a routine practice, but though 
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we have used this in bad cases, we have no experience of it as a 
routine practice. 

Diarrhoea is at first useful in ridding the body of excess of bile 
and other waste products. Prolonged diarrhoea must be treated 
with astringents (bismuthi subnitratis or salol gr. x. every four 
hours). Meanwhile it should be borne in mind that though quinine 
is absorbed by the stomach, still, with much diarrhoea there is often 
gastric disturbance, and therefore, if the drug is given by the 
mouth in these conditions, its utility may be small. 

Splenic pain and liver pain are not, as a rule, severe enough to 
make special treatment needful, but occasionally the splenic pain 
may be severe (due to perisplenitis), when hot fomentations will 
relieve it, if it is thought necessary to use them. 

Hyperpyrexia must be treated by cold sponging- — if possible, with 
ice; if not, with the mixture mentioned above, or by cold packs, 
cold baths, and cold enemata. 

Cerebral Malaria . — Give large hypodermic saline infusions to 
wash out the toxins [vide Algidity). 

Algidity requires special treatment with hypodermic saline in- 
jections and warm applications to the body, and especially to 
the region of the heart. The saline injections consist of sterile 
normal saline solution, and are injected by gravity from the ordinary 
glass reservoir via a long piece of indiarubber tubing and a stout 
hollow needle, such as those in the Potain's aspirator-case. The 
usual sites for the injection are the sides of the chest, just below 
the armpit, and the outer aspect of the thighs. At least a pint 
should be injected in one place. Oxygen inhalations, if available, 
may also be used. 

Diaphoretic pernicious fever requires stimulants, hypodermics of 
atropine, and ether or strychnine, and treatment as for algidity. 

Hcemorrhagic perniciosa may be treated with calcium chloride, 
and with local api)lications or injections of adrenalin. 

Scarlatiniform perniciosa obviously calls for dilution of the toxins 
by saline injections. 

In pernicious cases, when the patient becomes delirious or coma- 
tose, the practitioner must be careful that the attendants in whose 
charge he is left are really trustworthy, as unfortunate accidents 
have been known to happen. Particularly we warn the practitioner 
to make sure that the bladder has been emptied, especially in 
delirious patients, not by mere causal inquiry, but by percussion of 
the abdomen. 

In choleraic perniciosa the treatment for cholera should be adopted 
in addition to quinine. In dysenteric perniciosa the treatment must 
be that suggested for mild dysentery, and, in addition, quinine, 
while the pseudo- Addison' s disease is best treated in our experience 
by 10 minims of adrenalin, given twice daily in addition to quinine. 

Treatment of Convalescence. — The important point to be 
remembered in convalescence is to continue the quinine in smaller 
doses for at least three months after the attack. The patient 
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should be placed on a tonic with iron and arsenic in some form, and 
if he has been seriously ill he must have a change to a colder climate. 
The patient must be impressed with the fact that he must not dis- 
continue the quinine on arriving in a cooler climate, as an attack 
of fever will surely take place if he does so. 

Treatment of Chronic Malaria. — -If a person is constantly 
suffering from attacks of malarial fever, he should be sent, whenever 
possible, for a change to a cooler climate in the hills or to the tem- 
perate zone, but should, of course, continue the quinine treatment. 
If he cannot afford a change of climate, he must be placed in bed 
and given rest from work, and a course of quinine therapy by intra- 
muscular injections carried through. Arsenic is useful.' 

Treatment of Malarial Cachexia. — ^The most important fea- 
ture, in addition to quinine treatment, is to send the malarial 
cachectic for a change of climate, as mentioned above, and treat 
the anaemia with iron and arsenic. A course of injections of 
cacodylate of quinine is often useful. 

Theoretical Considerations. — There are a number of theoretical consider- 
ations with regard to the treatment which may perhaps interest the reader, 
and these may be divided into; — 

1. Quinine. 

2. IChects on man. 

3. ir.rfects upon malarial parasites. 

4. Immunity of parasite. 

5. Prophylactic use. 

6. Other drugs. 

Quinine. — The aim of the treatment of malaria is to kill the parasites 
and to aid the excretion of the toxins and relieve the symptoms of the patient. 

Fortunately, since the days of the Countess del Chinchon, the world has 
known the value of cinchona bark in malaria, and later it learnt that this 
important action was due to an alkaloid, quinine, wliich exists in the bark in 
the form of a hydrate. In 1867 Binz showed that quinine killed infusoria, and 
he believed that this action was duo to its chocking oxidation. 

Quinine is usually sold in the form of the sulphate, [(C 2 qH 24 N 202 ) 2 * 
H2S04J2.I5H20, which is only soluble i in 800 of cold water, but is readily 
soluble in water acidulated with a mineral acid. The solution gives a bluish 
fluorescence. 

It must be remembered, however, that it may not be pure, and may contain 
lime, chalk, magnesia, starch, etc. It is also important to remember that it is 
incompatible with alkali, alkaline carbonates, and astringent infusions. 

Quinine sulphate is by no means the best preparation, for the hydrochloride, 
(^20^24^202)1101. 2 H2O, is soluble I in 40 of water; but better than this are 
the acid salts of the sulphate, called the ‘ bisulphate,’ (0201124X202)112804. 
7H2O, which is soluble i in ii parts of water, and of the hydrochloride, called 
the ‘ bihydrochloride,’ (02oH24N202)2liCl, which is soluble i in i of water. 
Numerous other preparations are on the market, of which quinine bihydro- 
bromide is recommended in persons who suffer from deafness, and quinine 
valerianate in those who are very nervous; wliile quinine tannate, wliich is not 
nearly so bitter as the other compounds, especially when made up with choco- 
late, has been used by Celli in quinine prophylaxis for children and in cases 
of haemoglobinuria. 

Euquinine, which is quinine ethylcarbonate, C2H5O — 00—00201^23^2^' 
also not so bitter as the ordinary preparations, and is therefore suitable for 
administration to women and children, but it has the disadvantage of being 
expensive and very insoluble in water, and must be given in cachets or dis- 
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solved in acidulated water. It has not such deleterious effects on the stomach 
and nervous system. 

Another remedy which contains quinine sulphate, and which was much 
vaunted in days gone by, is Warburg's tincture, which is said to be prepared 
by macerating for seven days the following ingredients — 


Grains. 

Aloes socotrinae . . . . . . . . . . 240 

Ilhei . . . . . . . . . . . . . . 

Fructi archangelicae officinalis . . . . . . 80 

Kadicis inulae helenii . . . . . . . . 40 

Croci . . , . . . . . . . . . . . 40 

Fructi foenicali . . . . . . . . . . 40 

Cretai preparatze . . . . . . . . . . 40 

Radicis gentianas . . . . . . . . . . 20 

Radicis curcumae zedoariae . . . . . . . 20 

Cubebae , . . . . . . . . . . . 20 

Myrrhae . . . . . . . . . . . . 20 

Polypori ofiicinahs . . . . . . . . . . 20 

Opii 

Piperis nigrae . . . . . . . . . . 4 

Cinnamonis . . . . . . . . . , . , 3 

Zingiberis . . . . . . . . . . . . 8 

in a pint of 60 per cent, alcohol for a week; then pressing, filtering, and dis- 
solving in the filtrate: — ■ 

Grains. 

Quininae sulphatis .. .. .. .. .. 175 

Camphoris . . . . . . . . . . . . 20 


and after three days' filtering, making up to the pint with alcohol. The dose 
of this mixture is i to 4 drachms. 

Other preparations can hardly be said to have any particular interest. 

In order, however, to bring these various preparations into line with one 
another, it is necessary to have some arbitrary standard, and this is generally 
taken as quinine sulphate, which is reckoned as equal to i . The hydrochloride 
will then be 0*9, the bisulphate 1*24, the bihydrochloride 1*02, the bihydro- 
bromide 1*23, the valerianate i‘Oi, the tannate 3*67, euquinine i*o, and 
Warburg's tincture 1*09 

New Salts of Quinine . — Dihydroquinine hydrochloride (0*6 grammc3=i*o 
gramme quinine hydrochloride) is said to be have a specific antimalarial action, 
but aurochin, chitenin, and tetrahydro-quinine are not satisfactory. 

Cinchonin Salts . — Various cinchoniii salts have been used in the treatment 
of malaria, and Sir Leonard Rogers has recently recommended intramuscular 
injections of cinchonin bihydrochloride. 

Effects on Man. — Wh.en taken by the mouth, quinine should be dissolved 
in the acid gastric juice, converted into the bihydrochloride, and absorbed 
completely into the blood from the stomach, especially if food is taken at the 
same time. If tliis does not happen, then such a salt as the sulphate may not 
be absorbed at all, as it will be precipitated in the alkaline intestinal contents. 
When given in large or frequent doses, it is apt to irritate the stomach. As 
to what happens to it in the blood, there are two distinct views — one pointing 
to rapid elimination, and the other to the fact that it undergoes changes in 
the tissues. It would appear to be retained longer in the body if absorbed 
together with food. 

It can also be administered by intramuscular injections, when it is said to be 
largely precipitated at the site of the injection. We have no knowledge 
personally of this precipitation, and our experience is that intramuscular 
injections have been most satisfactory, though it must be admitted that ttiere 
are observers who think that administration per os is more valuable than that 
by intramuscular injections. It may also be given intravenously, as will be 
explained later. 

Quinine in small doses is a vascular tonic, but in large doses it is a cardiac 
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produci^ a fall in the arterial pressure, with decrease in the 
pulse-rate and strength. This is an important matter, to be remembered in 
a mimstenng the drug to the old and the feeble, especially by intravenous or 
intramuscular mjections. On the nervous system it acts as a stimulant, and 
also increases the flow of blood to the brain. In the tissues it is partly 
destroyed by oxidation, and therefore the whole quantity administered is 
hardly likely to be obtained in the urine. Excretion takes place by the 
m ney almost entirely in the form of quinine dihydroxyl. It can be recovered 
from urine by acidulatnig with sulphuric acid, treating with solid picric acid, 
mtering until clejar, digesting with 3 per cent, caustic soda solution, and 
extracting with chloroform, froin which the quinine can be obtained by 
evaporation. Ramsden and Lipkin have described a new process for isolating 
of Tropical Medicine and Parasitology, May, 1918). 

When given in large doses, the cerebral congestion wliich it produces causes 
oars, deafness, due to congestion of the middle ear, and head- 
ache, both of which can be treated by bromides, with or without a little irgot. 
It may also cause erythematous, erythemato-papular, vesicular and urti- 
carial eruptions. 


Quinine Hcsmoglobinm ia. ~ln persons who have suffered from malaria 
there is no doubt that quinine can cause haemoglobinuria, but the way in 
which it acts is doubtful. Stephens believes tliat the lucmoglobiniiria stands 
in no relationship to the dose of quinine, and, further, that a second dose may 
not produce the result, and that it is the blood condition of the malarial patient 
which is the determining factor. Our experience has tended to show that 
there is a direct relationship between the quinine and the haemoglobinuria. 
Quinine acts in this way by causing haemolysis of the red corpuscles . Stephens 
and Christophers found that 0*001 to 0*00082 gramme of quinine haemolyzed 
I c.c. of a suspension of normal human red cells at 37° C. The haemolytic 
action naturally increases the quantity of bile produced. For further remarks 
on this subject, see the next chapter, on Tropical Haemoglobinurias (p. 1214). 

Quinine Amblyopia. — Amblyopia may result as the eifect of large doses of 
quinine, and appears to be due to constriction of the retinal arteries in tem- 


porary cases, and to degeneration of the retinal ganglion cells and their 
processes in permanent cases (see also p, 2007). 

Quinine Fever. — In latent malaria a small dose of quinine may occasionally 
provoke a febrile paroxysm. This has been compared to the action of a 
small dose of salvarsan in provoking an exacerbation of symptoms in 
latent syphilis (Herxheimer's reaction). 

Action on the Uterus. — Quinine appears to act upon the uterus, and may 
therefore produce an unpleasant effect in pregnancy, though whether this is 
really due to the quinine or to the malaria, or to the two combined, is doubtful. 

Effect upon Malarial Parasites. — Quinine appears to particularly 
affect the merozoites, trophozoites, and schizonts, and to act much less vigor- 
ously, if at all, upon the garnet ocytes. 

It appears to act most vigorously upon the merozoites, perhaps because 
they are free in the plasma ; next upon the young trophozoites, whose cyto- 
plasm is broken up, and finally it and the nucleus destroyed; but it has much 
less effect upon the fully grown schizont, not preventing sporulation. 

With regard to the gametocytes, it probably has a deleterious action upon 
the young forms, but certainly not upon the fully grown micro- and macro- 
gametocytes. It is thought probable that ii may' act upon the very old form 
of microgametocyte, but this cannot take place, as a rule, with regard to the 
ordinary fully grown microgametocyte, for anophelines can be infected by 
the blood of persons containing the two kinds of gametocytes even when 
treated vigorously with quinine. On the macrogametocyde, particularly that 
of Laverania malaricB, it appears to have no action. Hence, to get the full 
effect of quinine on the parasites it must be present in the blood at the time 
of sporulation, in order that it may kill the merozoites, young sporonts, and 
schizonts. In order to produce this effect, it is judged that the quinine must 
be present in the blood in a strength of at least i in 20,000. According to 
Thomson, though quinine has no direct destructive action upon the crescents. 


76 
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it reduces their numbers to less than one per cubic milliinctre of blood if given 
daily in doses of 20 to 30 grains for three weeks; this action is believed to be 
due to cutting off the source of supply by killing the asexual forms. Methy- 
lene blue in doses of 1 2 grains daily is said by Thomson to reduce the number 
of crescents, probably by some direct destructive action. Quinine-resisting 
forms of the parasite have often been reported from South America, and have 
also been studied by Koss and Thomson, who have found a true parasitic 
relapse during thorough quinine treatment. In these cases the quinine dosage 
must be increased. We have administered 2 grammes by intramuscular 
injection and i gramme by the mouth after a few houns as a single dose 
in such a case with very beneficial results. 

Immunity of the Parasite. — The immunity of the malarial parasite 
against quinine has as yet been but little studied, but this is a subject of the 
greatest importance at the present time, when quinine prophylaxis is being 
extensively employed. It has, however, been commonly noticed that the 
doses of quinine have often to be increased in order to cure an attack of fever 
in the individuals who have taken quinine more or less irregularly, and that 
persons who have taken quinine regularly when in an endemic area niay have 
an attack of malarial fever after leaving tliis area and ceasing the drug. 

Prophylactic Use. — ^Thiswill be discussed in the section on Prophylaxis. 

Other Drugs. — It is almost a work of supererogation to mention other 
drugs in the treatment of malaria, such as cuprein, mercury, atoxyl, and 
treatment by the scu um of immune animals, and by violet light or in the dark. 
Methylene blue, however, has been used by several authors in the dose of 
2 grains every four hours. In our experience its efficacy cannot be compared 
to that of quinine. 

Surveyor has recommended the administration of 2 grains of picric acid 
twice or three times a day by the mouth as a method of destruction for the 
crescents of L. malaria. The drug can also be administered by injections of 
sodium picrate. Nicolle and Conseil and more recently Falconer, Anderson, 
Michel i, Quarelli and others have tried salvarsan in malaria, with only 
moderate results, if used, it must be combined with quinine. ISJeosalvarsan 
has been found to be useless in subtertian fevers, but it and salvarsan may 
act upon Plasmodium vivax intravenously or intramuscularly. For dosage 
see p. 1313- 

Tartar emetic has been used by Rogers, but the researches by Low and 
others have shown that when administered alone it has no effect upon the 
malaria parasites. Rontgen theraj)y is useless, though the spleen may get 
smaller. 


PROPHYLAXIS. 

The very great success which has followed every serious attempt 
at prophylaxis undertaken during tlie last few years has made it 
the urgent duty of eacli community to scientifically apply a well 
thought out scheme of a not too expensive nature to its district 
with the view of reducing the malaria endemic therein. 

In order that a disease may be scientifically prevented, a thorough 
knowledge of its aetiology must be acquired and disseminated not 
merely among medical men, but also among the public. We know 
that malaria depends upon — 

1 . The presence of numerous human beings infected with male 

and female garnet ocytes. 

2. The presence of numerous anophelines in which the 

garnet ocytes are capable of developing into sporozoites. 

3. Free access of these anophelines to the infected human 

beings. 



PROPHYLAXIS 


12103 


4. Air-temperatures suitable for the development of the 

malarial parasite in man and anophclines. 

5. Free access of infected anophelines to non-immune human 

beings. 

To summarize, there are three factors: (i) Man; (2) the anophc- 
line; (3) the air-temperature. 

In the tropics this third factor is in favour of malaria, and it 
cannot be altered; therefore methods of prophylaxis must be 
devoted to the human being and the anoplieline. 

Man. — ^^riie preliminary step with regard to man is to ask his 
intelligent assistance, and for this purpose education with regard 
to disease in general and maiaria in particular is required. First 
of all it was necessary to bring the medical profession into touch 
with the discoveries made by Lavcran, Manson, Ross, and Grassi, 
and this has been done. Secondly, it was and is necessary, by 
lantern lectures, illustrated pamphlets, etc., to convince the edu- 
cated public of the tropics of tlie monetary J'^iss caused to the 
Government, the planter, tlie merchant — i.e., to the employer of 
labour — by malaria. Unless this can be done, the money necessary 
for the effective prophylaxis will not be forthcoming. No one will 
deny that malaria is the greatest cause of sickness in the tropics, 
though there may be places where its mortality is low and places 
where it is high, but that which people fail to recognize is the 
financial loss caused by this sickness. 

Therefore we quote the well-known example of the Adriatic 
Railway Company, which, according to Ricchi, used to spend on 
account of malaria among 6,416 workmen living in malarious areas 
no less than 1,050,000 francs per annum. 

But a serious attempt should be made to impress the uneducated 
masses of the tropics witli some sort of knowledge about the disease. 
This can best be done by simple kindergarten-like instruction, with 
demonstration of actual living specimens of anopheles and their 
eggs, larvae, and pupae, together with the presence of a young child 
with a huge spleen and of a person suffering from malarial cachexia, 
and then, at the close of the lecture, to distribute illustrative 
pamphlets in the vernacular, written in simple language, reviewing 
the subject of the lecture, together with, if possible, the demonstra- 
tion of the larvae in a neighbouring stream or pool. 

This attempt to instruct the poorer classes of the tropics may not 
be productive of much immediate good, but it may bring home to 
them that malaria is a potent factor in causing illness and death 
among their infants and young children, and that it is caused by 
the bite of a particular kind of insect, and can be to a great extent 
prevented by proper treatment with quinine. 

Another method employed is to give the teachers of tlie elemen- 
tary vernacular schools a course of instruction in elementary hygiene, 
including, of course, malaria, so that they may be able to give their 
pupils elementary instruction in these matters. 
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In such instruction no pamphlet or book should be used, other- 
wise there is a danger of the knowledge being acquired by rote. 
The only way, however, to bring about any result by this method 
is to award a special grant to the school, based upon the knowledge 
of the scholars. 

All these methods have actually been and are being carried out, 
but in any case they are only preliminaries, and any good which 
may result therefrom will not be immediate. 

Another preliminary matter is to use the knowledge acquired 
concerning the life-history of the anophelines, and not to build 
houses, coolie-lines, etc., in ravines and valleys, or on the margin 
of water likely to be a breeding-ground for these insects. Place the 
buildings on high ground, and, bearing in mind the fact that native 
children harbour gametocytes, build the houses for Europeans 
away from the native town or village. 

Quinine. — Leaving now these preliminaries, we come to the actual 
question of prophylaxis by reducing the malaria in man by quinine 
administration, as recommended by Koch, Celli, Plehn, Lustig, 
Negri, and others. 

Koch's method consists in taking a large dose (15 grains) of 
quinine on two consecutive days every eight or ten days for three 
months, while Celli’s method consists in taking about 6 grains (0*40 
gramme) of quinine daily; Plehn's, in taking 8 grains of quinine 
every fourth day. Our own method is to give 5 grains daily, and, 
in addition, a double dose (10 grains) once a week; and in order to 
enable the ixitient to remember the routine, we advise him to take 
the double dose on a Sunday. For children i grain of quinine may 
be given for every three years of age, or euquinine may be used with 
advantage in doses of 2 to 5 grains daily. It is not very bitter, and 
may be given with a little sweetened condensed milk, as advised 
by Watson, or chocolates of tannate of quinine (2 to 5 grains), as 
advised by Celli, may be administered. 

In very malarious zones such as certain tropical countries and the 
Balkans, the doses mentioned are not sufficient and should be 
increased. 

All these methods, if properly carried out, give fairly good results, 
but it must be remembered that unpleasant symptoms may arise 
after a long use of quinine, of which the most frequent in our 
experience is a tremor of the hands; but various other nervous 
symptoms may appear — ^.g., irritability. 

The advantages of quinine prophylaxis are, however, in excess of 
its disadvantages, and we strongly recommend its use. In Italy 
special laws have been passed, due to the efforts of Celli, which 
render quinine prophylaxis practicable among the poorer classes. 
The quinine is manufactured by the State and distributed gratis 
to the poor, while employers of labour are compelled to supply 
it to their work-people. Governments, municipalities, etc., can 
also help in this way by giving free quinine to the populace. 

The systematic tree distribution of quinine powders, tinted if 



necessary, and enclosed in papers, with a vernacular label informing 
the recipient that there is no charge, is also useful among the native 
population, as is the distribution of g^uinine to children in the 
schools by the teachers. The distribution must be carried out by 
itinerary dispensers, for the native will not travel far to obtain 
quinine. It is, however, necessary to see that the quinine is actually 
taken, and the use of Tanret's reagent will be found useful in detect- 
ing individuals who do not take quinine. Tanret's reagent is pre- 
pared by dissolving 1-35 grammes of mercuric perchloride in 75 c.c. 
of Water, and 5 grammes of potassium iodide in 20 c.c. of water in a 
100 c.c. measuring flask. The mercuric solution is poured into 
the iodide solution under agitation and water added to the mark. 
A few drops of this reagent are added to about 5 c.c. of urin<\ If no 
distinct turbidity appears, it means, as a rule, that quinine has 
not been taken. Turbidity indicates presence of quinine in the 
urine, but may indi- 
cate also presence of 
various other sub- 
stances. 

By this method Koch 
freed Stephansort, in 
New Guinea, from 
malaria, but there is a 
doubt as to whether 
the disease will not 
recur if this method 
alone is used. It must 
be remembered that 
free quinine distribu- ^527. — The SiMrsoNEXTE designed to 

tion on a large scale is protect the Wearer from Mosquito Bites. 
very costly. (From a photograph given us by Mrs. Mary 

Bite Prevention. — Simpson.) 

The next method is to , 

prevent man from being bitten by anophelines. This may be 
effected by the constant and intelligent use of the mosquito-curtain, 
by rendering the dwelling, or certain portions of it, gnat-proof, or 
by the application of chemicals which will keep the mosquitoes away. 
It is also advised not to go out after sunset, and to protect the 

whole body against bites. . 

Firstly, with regard to the mosquito-curtain, the mesh must be 
suitable-U'.e., twenty to twenty-four meshes to the square inch. 
The lower part of the net should be tightly tucked m under the 
mattress: on no consideration whatever must it be allowed to hang 
loosely or to fall on to the ground. It should be in position in the 
early afternoon, and must be in good repair, for if it is t^n it is 
worse than useless, becoming a mosquito-trap. It must be kept 
clean, especially at the top, which is apt to accumulate all sorts ol 
queer things from the roof. Never travel into a malarious region 
without your own net, as the condition of those in rest-houses may 
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be far from good. The Simpsonette anti-mosquito and fly protective* 
non-inflammable licadgear. designed by Mrs. Mary Simpson is most 
useful, as it can he worn under or over the helmet or hat as well as 
when 'lying dowji or sleeping. 

Secondly, with regard to gnat-proof rooms or houses, these can 
be easily constructed at but slight cost by using wire-netting of 
twenty to twenty-four meshes to the inch, preferably the latter. 
Rooms and verandas enclosed in this way are a great convenience, 
preventing molestation from mosquitoes and other insects. 

The Irrigation Department of Ceylon possesses movable mos- 
quito-proof rooms, which its engineers can take with them as their 
work requires. 7 'hese are constructed of a wooden framework, 
supporting the gauze, and have a double door. They are only 
12 feet by 12 feet by 8 feet, and can therefore be erected inside the 
room of a native house if desired, or on a veranda. The cost is 
small. 

Hospital wards ought certainly to be rendered gnat-proof in 
malarious districts, as persons are often found in the wards with 
their blood teeming with garnet ocytes. Hence, if there are any 
suitable anoplielines in the liospital, the chance of future patients 
suffering from other diseases becoming infected is considerable. 

With regard to coolies, the third method has been tried to a 
certain extent with success — viz., that of rubbing all over the body 
an oil composed of parts of citronella oil, i part of kerosene, 
and 2 parts of cocoanut oil, to which i per cent, of carbolic acid 
is added. Coolies seem to like this mixture, which is called the 
‘ bamber-green oil.’ Menthol, cinnamon oil, eucalyptol, camphor 
ointments or powders, may be used. 

Electric fans and jiunkahs are secondary methods of preventing 
anoplielines from biting human beings. 

Sulphur. — A ccording to some authorities, mosquitoes and flies will not 
bite persons wlio take small doses of sulphur regularly, but this is not so in 
our experience. 

The healthy may also be segregated as far from sources of infection 
as possible. This may be tcm]>orary or permanent, according to 
local conditions. 

The Anophelines. — It has already been indicated that it is not 
necessary to exterminate the anophelines in order to prevent 
malaria, but that all that is needful is to reduce their numbers. 
The objection has been raised to anopheline destruction that as 
fast as they are destroyed in a given area others will immigrate 
into that place from surrounding areas. 

Ross has rather aptly answered that objection by pointing out 
that if the human birth-rate in a place was suppressed without 
attracting special immigration, the population would soon decrease, 
and Professor Pearson, on conjectural bases, has shown that if mos- 
q^uito propagation is suppressed within the circular area of a mile, 
the mosquito density at the centre will be 3 per cent., a quarter of a 
mile from the centre 18 per cent., and at the periphery 75 per cent. 
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of the density surrounding that area, A equate otte mile wide Will 
have a central density of 2 per cent., at a quartet of a mile from 
the boundary ii per cent., and at the boundary 50 per cent, of the 
surrounding density. No experiments have, however, been carried 
out to determine whether these assumx)tions are correct. 

There is, however, no doubt that anopheline reduction leads to 
the reduction of malaria. The work done under Ross's direction 
at Isrnailia proves this, for the cases of malaria were reduced from 
m 1902 to 37 in 1905, and these latter were all relapses. The 
cost of this is given as 50,000 francs for drainage and filling up of 
pools, with a yearly expenditure of 18,300 francs, which worked 
out at 2*3 francs per head of population. 

Travers and Watson at Klang and Port Swettenham, in the 
Malay States, by similar methods reduced the cases of malaria 
admitted into the hospitals from 610 in 1901 to 23 in 1905, while 
the cases from the surrounding district in which no antimalarial 
methods were employed were 197 in 1901 and 35^ in 1905. The 
children found infected in the two towns in 1905 amounted to 
0*5 per cent, of those examined, wliile in the surrounding district 
they were more than 23 per cent. The financial saving is also 
shown by the fact that Government employes in 1901 obtained 
236 sick certificates, amounting to 1,026 days’ leave, and in 1905 
only 4, amounting to 30 days' leave. The cost to the end of 1905 
was £10,100, witli a yearly expenditure of £410. The cost up 
to the end of 1905 worked out at £i 49. per head of the popu- 
lation. 

Similar work has been done in Hong Kong by Dr. Thompson. 

In Panama, under America.n rule, the measures taken are very 
elaborate and systematic, because the sanitarian is given a free 
hand, and economy is not considered where health is in question, 
with the result that malaria and yellow fever have disappeared. 
There can therefore be no doubt that the destruction of anophe- 
lines will lead to the diminution of malaria. 

The Insect . — ^The measures which are used may be classified into 
those directed against the insect and those against the larvae. With 
regard to the insects, fumigation with some substance such as 
sulphur (2 pounds to be burnt for every 1,000 cubic feet of space) 
or pyrethrum will stupefy them and cause them to fall to the ground, 
when they can be swept up and burnt. This is useful in dealing with 
individual houses prior to residing therein. The insects may also 
be destroyed in houses by the use of the hand-net as advocated 
by Ross and Gorgas, while the use of a hand-fan is also recom- 
mended. Mosquito traps have also been used and Giemsa’s 
pyrethrum sprays. 

Spraying is specially useful for outhouses, stables, etc., and in 
addition to the pyrethrum spray weak formalin may be used. 

The Larva . — It is, however, against the larvae that measures are 
most easily taken, and these include: — 
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A. Engineering works intended to eliminate breeding places : — 

1. Draining swamps. 

2. Draining roads. 

3. Filling in hollows. 

4. Training streams. 

5. Making continuous drains along ravines, etc. 

6. Planting trees at intervals, not close together (this is 

both ornamental and useful), or the thinning down 
of dense plantations until the trees are at intervals, 
and the removal of trees with rot-holes', which, how- 
ever, may be filled. 

7. Segregation either of the whole community, by altering 

the residences from some very infected area or partial 
segregation of a chosen portion of the community 
from the worse-infected portion. Simpson recom- 
mends that at least a zone of 300 yards in width, 
preferably 400 yards, should separate the residential 
European quarters from the Native town. Since 
segregation has been introduced in West Africa, a 
considerable improVv ment in the health of the Euro- 
pean community has taken place. 

8. Efficient drainage to keep down subsoil water-level. 

B. Sanitary works : — - 

1. Removal of small collections of water. Regular in- 

spection of compounds and careful collection and 
disposal of household utensils likely to harbour 
mosquito larva?. Repair of house gutters. 

2. Oiling collections of water with kerosene (crude petro- 

leum) by means of sprays every ten days, i gallon 
being allowed for 1,000 square yards. 

3. Larvicides . — Measure the length and breadth of the 

area of water and add i in 20,000 to i in 50,000 
sanitas okol or i in 40,000 izo-izal, or the Panama 
disinfectant. 

Wise and Minnett have recommended that i ounce of crude carbolic acid 
be added to every 16 cubic feet of water, thus giving a dilution of i in 16,000, 
wliich they maintain will kill the larvae without injuring any animal which 
might happen to drink the water. 

4. Screeningv^oMs, cisterns, cesspits, etc., with wire gauze. 

5. Removal of plants likely to contain water and act as 

breeding-places (the following may be specially noted 
bamboos, pineapple plants, travellers' palms, fibre 
plants). Water-weeds in streams should also be 
removed, as the larvae are often found to be protected 
by these against their natural enemies. Water- 
weeds should be removed before oiling. Brush and 
grass should be cut. 

6. Introduction offish, especially ' millions,' into collections 

of water. 
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It is always easy to find some local fish which will eat larvae readily. Thus, 
in Bengal the larvae-eating fish are: Haplochilus panchax, H. melastigma, 
Amhassis nama, A. ranga, Anabas scandens, Barbus ticto, and several species 
of Trichogaster, Tadpoles and water-boatmen also eat mosquito larvae. 

7. Growth of weed in water, especially Lmna, the duckweed, 

8. Attention to the non-stagnation of water in gutters. 

Summary.— Every district must be considered separately, and a 
systematic malarial survey having been made, those methods should 
be applied which seem most adapted for success. A combination 
of methods must be better than any one individual method. In 
any case, a definite scheme should be devised, and thoroughly 
and continuously carried out. But a word of caution is necessary. 
Having made the survey and estimated the cost, firstly, leave a 
good margin for contingencies, and, secondly, insist upon an 
adequate supply of money being provided; but it is not necessary 
to embark upon an expensive scheme, as a great improvement can 
be effected with but little expenditure. It is, ho' 'ever, important 
to make a beginning, and to attempt to gain the confidence of the 
public, as to-day there is no difficulty with the authorities, who 
are usually very willing to help. 

The methods mentioned above may be summarized as follows: 

Reduction of Bites, — ^Mosqu it e-net, screening the house, use of 
fans, use of hand-net, use of protective oils. 

Mosquito Reduction, —Insects may be killed by hand-net, by cuh- 
cides, by natural enemies, or inconvenienced by diminution of dense 

vegetation. ... . i 

Larvae may be attacked by removing, oiling, or screening col- 
lections of water, natural or in plants, by introducing fish or beetles 
into water, or by the engineering works mentioned abov'e. 

The smaller methods are usually carried out by gangs of workmen 
— ^mosquito brigades — under trained supervisors. 

Case Reduction,— By quinine prophylaxis and by segregation. 

Relative Values. — ^The relative merits of protection against mos- 
quitoes and quinine prophylaxis have been investigated by Celli, 
whose results are embodied in the following table. 


Relative Values of Quinine Prophylaxis and Antimosquito 
Protection. 


Method of Prophylaxis, 

i i 

1 Quinine 

None, Prophylaxis 
alone. 

Anti- 

mosquito 

Protection 

alone. 

Quinine Pro- 
phylaxis plus 
Antimosquito 
Protection, 

Percentage of infections . . 

33 % ' 20 % 

2-5% 

1-75% 


Results.— In British Guiana the cases treated in hospitals have 
been reduced from 33.748 in 1906-07 to 7.384 in 1912-13. m the 
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Panaina Canal Zone the death-rate from malaria in i88i was 20*5 
per 1,000; in 1911 0*96 per 1,000. The malaria cases in 1906 were 
821 per 1,000, and in 1911 184 per 1,000. In Ismailia in 1900 there 
were 2,284 cases ; in 1906-08 not a case. In Kuala Lumpur the 
<ieath-rate was 9*7 per 1,000 in 1907, and 3*9 per 1,000 in 1914. 
These figures speak for themselves. 
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CHAPTER XLI 

THE TROPICAL HyEMOGLOBINURIAS 

General remarks — Malarial haemoglobiriuria — Quinine haemoglobinuria — 
Blackwater fever — References. 

GENERAL REMARKS. 

Hemoglobinuria or the presence of more or less altered haemo- 
globin in the urine, is found in a number of conditions which may 
be approximately classified into: — 

1. The Symptomatic Haemoglobinurias, whicn occasionally occur 
in the course of such diseases as malaria, Raynaud’s disease, the 
acute specific fevers, and after severe burns. 

2. The Toxic Haemoglobinurias, which are brought about by the 
action of a number of drugs, as, for example, quinine and its salts, 
chlorate of potash, antipyrin, carbolic acid, and naphthol, and by 
certain vegetables used as food, as, for example, certain beans 
(Favism, vide p. 201). 

3. The Specific Haemoglobinurias, which are specific diseases, such 
as blackwater fever and paroxysmal haemoglobinuria. 

In the tropics we are concerned with one entity in each of these 
groups — ^viz. : — 

1. Malarial haemoglobinuria. 

2. Quinine haemoglobinuria. 

3. Specific blackwater fever. 

1. MALARIAL HEMOGLOBINURIA. 

Definition. — ^Malarial hiemoglobinuria is simply a haemoglobinuria 
caused by Laver ania malar icB Grassi and Feletti, 1890. 

History. — ^This form of haemoglobinuria has been much confused 
with quinine haemoglobinuria and with blackwater fever. It is 
simply a haemoglobinuria occurring in the course of atypical sub- 
tertian malaria, and caused by the malarial parasites. Stephens 
has seen it associated with quartan parasites. 

Etiology. — ^The aetiological factor is L. malarice Grassi and Fel- 
letti 1890, together with some other factor, which inhibits the 
production of antihaemolysins. 

Climatology. — ^The distribution is coextensive with the distribu- 
tion of the more severe forms of malaria, and is therefore most 

evident in the tropics and subtropics. 
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Pathology. — ^As has been shown by de Blasi, Brem, and Zeiler, 
the malarial parasites give rise to a haemolysin which probably 
varies in quantity and quality with different strains of parasites, 
but is ke})t in check by the action of antihaemolysin, which is 
formed in the body, but which under certain circumstances- — c.g., 
exposure to the weather, etc. — may fail to be produced in sufficient 
quantities, and hiemoglobincemia with ha:*moglobinuria may occur. 
Brem found that three parts of a haemolysin extract from a case of 
pernicious malaria completely destroyed (haemolyzed) one part of 
a 5 per cent, suspension of erythrocytes in twenty minutes. This 
luemolysin is thermolabile. Zeiler and Brem have also demon- 
strated the presence of antiluemolysin in tlic serum of normal indi- 
viduals as W(dl as in that of persons suffering from pernicious 
malaria. It would therefore a]q)ear as though the ])rcsence or 
absence of haimoglobin in an attack of pernicious malaria depends 
upon the relationship between the quantity of ha‘molysin produced, 
and the amount of antiluemolysin also produced. 

Bijon considers that the resistance of the red corpuscles to lysin 
is diminished, and Gasbarrini believes that the lysin lies inside the 
red cells. 

Symptomatology. — ^'hhe symptoms are those of an attack of per- 
nicious malaria, in which the main feature is the presence of hemo- 
globinuria, the other symptoms being high fever, shivering, vomit- 
ing, great prostration, and rapid anaemia. 

Diagnosis. — ^The diagnosis is to be made by first demonstrating 
the presence of L. malaricv in the blood, and then by the rarity of 
severe jaundice. 

Treatment. — ^This is the same as for other forms of atypical sub- 
tertian malaria (p. ii88) — viz., quinine in large doses, before which 
calcium lactate in 5 to 10 grain doses may be given with advantage. 

Prophylaxis. — ^The prophylaxis is the same as for malaria. This 
has been exemplified in Robertville, an Algerian village which was 
highly malarious and where the malarial fevers were associated with 
pyrexial licTinoglobinuria. After 1910, when preventive measures 
were instituti'd, according to Ciavaldini, the meilaria decreased and 
the Inemoglobinuria disappeared. 


2. QUININE HJEMOGLOBINURIA. 

Definition. — ^An acute non-contagious fever caused by the ad- 
ministration of any of the ordinary salts of quinine in certain cases 
of malarial cachexia and chronic malaria, and characterized by 
haemoglobimemia and Inemoglobinuria. 

Remarks.— Sir Patrick Manson has pointed out that an attack 
of h^emoglobinuria can be produced in certain cases by the ingestion 
of a single small dose of quinine. Ross and Low have reported such 
a case, under the care of vSir Patrick Manson, where the administra- 
tion of a 9-grain dose of quinine was followed by haemoglobinuria 
in a few hours. Ketchen has recorded a case of seven consecutive 
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haemoglobinurias in the same individual in whom each attack was, 
the sequel to a dose of quinine. We have met with similar cases,, 
but our maximum is six attacks in one year. 

History. — ^Vcratas in Greece, in 1858, was the first to draw atten- 
tion to this form of fever, and to definitely ascribe the haemoglobin- 
uria to quinine, and he was followed and supported by Tomaselli, 
Grocco, and many other Italian and Grecian observers. Later 
Plehn, Koch, and others, have strongly advocated this theory, but 
these last observers have applied this one hypothesis for the ex- 
planation of all the conditions included under the term ‘ blackwater 
fever.’ 

Climatology. — ^'fhe attack can take place anywhere for the first 
time, provided that the individual is suffering from chronic malaria, 
etc., and the unknown factor or factors to be mentioned below, and 
has taken the requisite dose of quinine. 

etiology. — ^'fhe causation of this condition is the c^dministration 
of quinine in cases of malarial cachexia and chronic malaria, but 
this is not the entire .'etiology, otherwise the condition would be 
more commonly met with than at present, and also it is quite safe 
to administer quinine to tlie majority of cases of chronic malaria 
and malarial cachexia without causing h.'emoglohinuria. More- 
over, the administration of a dose of a salt of calcium prior to the 
quinine will prevent the Inemoglobinuria, wliich in the same indi- 
vidual has occurred after such administration. 

From one observation which we have made we would throw out the sugges- 
tion that one of the other factors in quinine haemoglobinuria may be the 
condition of the kidney, and that the site of the haemolysis may be in that 
organ. 

Pathology. — -The pathology of quinine haemoglobinuria is but 
little understood, but it has been very ably studied by Barratt and 
Yorke, who demonstrated the action of quinine in alkaloidal form, 
and as the bihydrochloride as well as hydrochloric acid and sodium 
hydrate upon healthy red blood cells, and found that : — 

1. All the above-mentioned agents produced luemolysis. 

2. In equimolecular concentration the Inemolytic power is nearly 
the same. 

3. The luemolysis produced by quinine (alkaloid) resembled a 
catalytic action, and took place at a monomolccular rate. 

4. During life it is not possible to reach a percentage of quinine 
in the blood sufficient to cause hcX.nolysis, owing to the toxicity of 
the drug. 

With reg.ard to tlie action of the quinine, some observers believe 
that it produces the haemolysis by lowering the osmotic pressure of 
the blood plasma. 

Morbid Anatomy.— -We are not acquainted with any direct 
observations on this subject, but the appearance of the kidney in 
people who have died from pernicious malarial fever in which large 
doses of quinine have been administered without success resembles 
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both macroscopically and to some extent microscopically the 
kidney seen in blackwater fever. 

Symptomatology. — ^The general symptoms resemble those of an 
attack of blackwater fever, but are not so severe, and the jaundice 
is slight or absent. 

Diagnosis. — The history of the attack following the administra- 
tion of quinine in persons suffering from malaria cachexia or chronic 
malaria may give a clue. 

It is suggested that the rale of haemolysis of the erythrocytes, when treated 
with quinine, may be compared with that for normal erythrocytes similarly 
treated. The method adopted to test haemolysis is to allow i c.c. of blood 
from the pricked finger to fall drop by drop into a i per cent, solution of 
potassium oxalate, which also contains 0*45 per cent, of sodium chloride, until 
a proportion of four parts of blood to one part of the oxalate is reached. Then 
the mixture is added to 10 c.c. of a 0*9 per cent, solution of sodium chloride, 
and centrifugalized until the red cells are completely precipitated, when the 
supernatant fluid is pipetted off, and then sufficient 0*9 per cent, solution of 
sodium chloride is added to make a 2*5 per cent, emulsion of red cells. This 
emulsion is then placed in a series of test-tubes containing various strengths 
of an isotonic solution of quinine made up with 0*9 per cent, sodium chloride 
when necessary. The tubes are incubated for three hours at 37° G., and 
stirred with a glass rod every fifteen minutes, and the result noted at the end 
of the time. 

Prognosis. — This is usually good. 

Treatment. — Quinine administration should be stopped, and 
calcium lactate administered, and the ordinary treatment for black- 
water fever as indicated below should be carried out. 

Prophylaxis. — ^Europeans about to visit or reside in the tropics 
should be given a test dose of 10 or 15 grains of quinine by the mouth, 
in order to exclude idiosyncrasy. In cases of chronic malaria or 
malarial cachexia, in which this condition may appear, calcium 
lactate in 10 grain doses should be given before each dose of quinine. 


3. SPECIFIC BLACKWATER FEVER. 

Synonyms. — Malarial Haemoglobinuric fever. Bilious Hsemoglobinuric 
fever, Bilious Remittent fever. Malignant Bihous fever, Haemorrhagic Malarial 
fever, Melanuric fever. French : Fi^vre Bilicuse H6maturique, Fievre Bilieuse 
H6moglobinurique, Fievre Bilieuse Grave, Fievre Bilieuse M^lanurique, Fidvre 
Jaune des Creoles ou des Acclimates. Italian: Febbre emoglobinurica. 
German : Gallenfieber, Schwarzwasserfieber. 

Definition. — Blackwater fever sensu stricio is an acute specific 
fever of unknown causation, characterized by the severity of the 
symptoms, great blood destruction, jaundice, and haemoglobinuria. 

History. — ^The knowledge of this fever is recent, for it does not 
appear to have been noted by Torti, the celebrated writer on per- 
nicious fevers, nor by his predecessors, and the first information 
of its existence appears to have been given by the French naval 
surgeons Lebeau, Daulle, and Le Roy de Mericourt in 1850-53, 
who drew attention to the disease in Madagascar and Nossi-Be, 
after which it is mentioned as occurring in Senegal, Cayenne, and 
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the Antilles. In 1858 Veratas described its occurrence in Greece, 
and in 1859 Cummings met with it in America. 

Ihe clinical signs were carefully described by Dutroulau in 1858; 
by Corre in 1861, who showed that the colour of the urine was due 
to haemoglobin, and not to bile or blood, as had been thought; 
by Barthelemy and Benoit in 1865; Bercnger-F^raud in 1874 
(in which year Tomaselli first described it in Italy) ; Pcllarin in 
1876; and O'Neill in 1882. Kclsch and Kicner in 1889 gave an 
excellent descript ioii, together with a history of the disease up to 
that date. In 1890 Scliilling met with it in Kaiser Wilhelm's Land, 
and Grocco and Cardarelli in Italy, after which a series of papers by 
Mahly, Easmon, Eyles, and Papafio appeared on the disease as 
seen on the Gold Coast, wlu;re it is called ' attridi assara,' which 
means ‘ bilious fever. ' The name ' blackwat er fever, ’ now universally 
adopted, was, as far as we know, first used by Easmon. 

Researches have been made as to its nature and treatment by 
Koch, Plehn, Crosse, Front, Stephens, Christophers, Bentley, 
Barratt, Yorke, Cardamatis, Leishman, Low anc^ Wenyon, Balfour, 
and others. 

With regard to the ]):irasitic cBtiology Macfio notes that in these cases the 
cytoplasm of the malarial parasites is apt to stain badly, and therefore, as 
they are difficult to see, they may ofttm Ix' missed. 

Laloir thinks that the peculiar organism which he has described as a 
malarial parasite in the red corpuscles and nuclei of tlie mononuclears and in 
the salivary glands of Anophclca lisioni var. albo-apicalis may be a causal agent. 

With regard to chemical cetiology, Lahille has shown that there is no defici- 
ency of salts in the blood, and Burkitt has drawn attention to the high acidity 
of the urine and the diminished alkalinity of the blood. 

As regards records Stephens has drawn up a valuable routine form, which, 
modified in some particulars, has been utilized in the Sudan for some time. 

In regard to clinical features, under the term Icteroideta paludica Salvin has 
described a sort of bilious remittent fever as a preha>moglobinuric fever in 
Venezuela, and Plehn has classified blackwater into: — 

1. Simple -Temperature falls to normal on the second to third 

day, and even albumen has disappeared from the urine by the tliird, 

fourth or fifth day. The only danger is anuria on the third day. 

2. Tntermitient Attacks.- — The hamioglobinuria is intermittent, with very 

slight icterus, progressive anaunia, and death on fourth to fifth day. 

Anuria is rare. 

3. Fulminating Type. — Very slight icterus, anuria, coma; death in twenty- 

four hours. 

4. Haemorrhagic Jy/v;.- -This apxx^ars to us to be the haemorrhagic type 

of atyj)ical suldertian fever. 

5. Abortive Ambulant Type.- -TWus appears to us to be our quinine haemo- 

globiiiuria, as it commences Jter a small prophylactic dose of 

quinine. 

It seems to us that until tropical practitioners accustom themselves 
to differentiate from specific blackwater fever the hemoglobinurias 
due to quinine and to malaria no real progress will be made witii 
the knowledge of this serious illness. 

Climatology. — ^'The disease occurs most commonly in tropical 
Africa and in certain localities in India, but it has also been reported 
from many parts of the tropics. 
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In Europe it is found in South Italy, Sicily, Sardinia, Macedonia, 
Greece, and Southern Russia. In Africa it occurs in Algeria, and 
through the whole of the tropical area of West, Central, and East 
Africa. In Asia it is well known in India, especially in the Duars, the 
Terai, Assam, the Jeypore district of Madras, and the Canara district 
of Bombay. It is also found in China, Cochin China, and Farther 
India. In America cases have been recorded in the southern regions 
of the United States, in Central and South America — especially 
Brazil — ^and the West Indies. It occurs in the Anglo-Egyptian 
Sudan, but there are naany other parts of the tropics from which 
it has not been reported. Too much trust must not be placed upon 
this distribution, as confusion exists between the mild attacks of 
quinine ha?moglobinuria, as well as the atypical subtertian malarial 
form. True blackwater fever can exist in epidemic form, and is a 
very fatal infection. 

Etiology. — Tile causation of blackwater fever has been much 
complicated by tlie confusion arising from the non-recognition of 
quinine and malarial haimoglobinurias, but when these conditions 
are admitted there is still the serious disease, ‘ blackwater fever,' to 
be explained, and its causation appears to us to be some protozoal 
parasite as yet unknown. 

The various theories which have been advanced to explain the 
aetiology of blackwater fever are: — 

1. The malarial fever. 

2. The theory of malaria, together with some other factor. 

3. Malarial anaphylaxis theory. 

4. An unknown agent theory. 

5. Bite of an unknown artliropod. 

I. The Malarial Theory. — All the old writers on the aetiology of black- 
water fever attributed its cause to malaria, in much the same way as they 
classed most tropical fevers under the same term. 

When these fevers came to be differentiated, blackwater fever was assigned 
to the action of Laverania malarice ; but of late years cases have occurred in 
which this parasite has not been found, but only Plasmodium malarice or 
P. vivax, because these parasites are very commonly met with in the 
tropics. 

The older writers maintained that blackwater fever existed wherever there 
was severe malaria, and that it was not found where this was absent, and they 
instanced Southern Italy, where malaria causes a mortality of 7 to 10 per 1,000, 
as a region where blackwater fever is common, and compared it with North 
Italy, where the malarial mortality is only i per 1,000, and where blackwater 
fever is rare. Further, it was pointed out that the people attacked with 
blackwater fever had always previously suffered from malarial fever, and 
had generally had several attacks. This view may be said to have been 
supported by Stephens, who states that the blood of persons examined during 
the day preceding the haeinoglobinuria contained parasites in 95*6 per cent, 
of cases, while during the day of the attack these parasites were found in 
only 6 i* 9 per cent., and during the day after the attack in only 17*1 per cent. 
Stephens and Christophers point out that, though they only found malarial 
parasites in i2‘5 per cent, of all their cases, still they found evidence of malarial 
infection, as exemplified by the presence of pigment in the leucocytes or by 
an increase in the percentage of the large mononuclear cells, in no less than 
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93*8 per cent. Further, the presence of a haemolysin in malaria has been 
demonstrated by de Blasi and others. 

The reply to these points is that the geographical distribution of blackwater 
fever is only known in a very general way, and even this superficial know- 
ledge is against the theory that it is due to malaria. Incidentally, we may 
mention that no one has attempted, as far as we know, to make a spot-map 
of a district where there is much blackwater fever, showing as far as possible 
where the disease was really contracted, and to compare this with a similar 
map made for the cases of malaria in that district. Nor, as far as we know, 
has anyone attempted to show whether the epidemiological phenomena of 
blackwater fever coincide with those of malaria. The West Coast of Africa 
would appear to be a suitable place for these inquiries. 

The malarial theory is disposed of, in our opinion, in that it has many times 
been recorded as occurring in persons who nave never sufEered from malaria; 
indeed, according to Craig, it has 3cciirred in people who have not only never 
been known to suffer from malaria, but in whom neither before, during, nor 
after an attack have the parasites been found, and, finally, in whom a post- 
mortem examination failed to reveal any evidence of malaria. Our opinion 
is more or less confirmed by the fact that an attack of blackwater fever is 
uninfluenced by quinine. However, at the present time, there are few advo- 
cates of the theory that it is simply a malarial infection. Here, perhaps, may 
be mentioned the fact that Donovan considers that it is malaria, but due to a 
species of Laverania as yet unrecognized. Laloir’s pan. iito requires confirma- 
tion, and is in our opinion of doubtful value. 

2 . Malaria, together tvith Some Other Factor. — As malaria by itself has proved 
rather weak aetiologically, some other factor has been brought in to support it. 
Thus Corre suggested chills, B^renger-Feraud mercurjr, and others acute and 
chronic alcoholism, syphilis, severe muscular exertion, mental excitement, 
and change of climate; but of all theories, that connecting malaria with 
quinine has been the most popular. 

Malaria and Quinine. — Stephens has supported the theory that the disease 
is partly of malarial origin, aided by a second factor — viz., quinine. In his 
article in Osier’s ‘ System of Medicine, ’ Stephens sums up Ixis view : ‘ Blackwater 
is not a disease per se, but rather a condition of blood in wliich quinine, other 
drugs, cold, or even exertion, may produce a sudden destruction of red cells. 
The condition is produced only by malaria, and generally by repeated slight 
attacks, insufficiently combated by quinine. In such cases of chronic malaria 
— i.e., in those suffering from anaemia, with repeated attacks of fever and 
repeated doses of quinine — blackwater fever sooner or later almost certainly 
supervenes — -at least, in tropical climates.’ 

These statements are too sweeping if genuine blackwater fever is meant, 
otherwise the home of the disease would be Ceylon, whereas it is so rare that 
we have never heard of a genuine non-imported case ; for in this island there 
are Europeans and natives with just the conditions required by Stephens, 
and yet they do not develop blackwater fever, because the only two cases 
which we have met with or heard of in Ceylon in twelve years were most prob- 
ably cases of quinine haemoglobinuria. On the other hand, Stephens’s 
remarks are correct if applied to quinine haemoglobinuria. 

Stephens accounts for the difference between India and Africa as regards 
the prevalence of blackwater fever by the common malarial parasite being the 
tertian in India and the subtertian in Africa. Certainly the tertian is very 
common in Ceylon, though, the subtertian is also frequently found. Another 
point which is difficult to explain is the frequency of the disease in Assam, 
and the less frequent occurrence in other parts of India where malaria is 
common. 

According to McCay, who has carefully investigated the action of quinine 
in causing haemoglobinuria, sulphuric acid and the sulphates cause a decrease 
in the total inorganic salts of the plasma, which he thinks implies a 
decrease in its osmotic tension. Water, therefore, passes into the red cells, 
causing them to swell up, and, if the decrease in osmotic tension of the plasma 
is sufficient, to burst. 
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He considers that the causation of blackwater fever is threefold : — 

(i) Injury to the stroma of the red cell by the malarial parasite. (2) The 
action of the malarial hsemolysin. (3) The administration of sulphates. 

He thinks that, though the first and second causes may bring about the 
disease, still quinine sulphate or any other sulphate, by its action on the plasma, 
is the exciting cause if the former are ineffectual. On the other hand, he finds 
that chlorides cause an increase of the resisting power of the erythrocytes to 
haemolysis. Quinine hydrochloride, especially when combined with sodium 
chloride and dilute hydrochloric acid, causes usually a marked rise in the 
resistance. Therefore, according to him, it is not the quinine, but the sulphuric 
acid in the form of quinine sulphate, which produces the haemolytic action. 
In addition to sulphates, McCay found that alkaline carbonates, compounds 
of alkalis with vegetal acids and potassium salts, diminished the inorganic 
molecules of the plasma, thus lending to help haemolysis. We have, however, 
seen heemoglobinuria following the administration of euquinine, the hydro- 
chloride, and even the t annate of quinine. We have already referred to 
liarratt and Yorke’s experiments on this subject (see p. 1215). 

Malaria, Quinine, or Depressing Influence.- — Decks and James maintain, 
from the study of 230 cases of blackwater fever in Panama, that it is a mani 
testation of malarial toxicity usually induced by repeated attacks, but also 
appearing coincidentally witli an acute attack, and may be determined by any 
depressing influence or quinine. 

This is really a malarial toxicity and other factor theory. In order to 
produce the requisite conditions, they maintain that there must be a popula- 
tion non-immune to malaria, of which infection there must be a large portion 
due to L. malarice, and malaria must be in such quantity as to produce an 
almost continuous infection, and this must be associated with a neglect of 
a thorough administration of quinine, especially in primary attacks. 

Against the view that it is caused by malaria treated with insufficient dosage 
of quinine, followc^d by a large dose of quinine, we may quote the fact that we 
are personally acquainted with a case of malaria associated with depressing 
influences in wliich tlu' infection was L. malarias, which had remained latent 
for a considerable period, and which for some weeks was treated by quite 
inadequate doses taken by the mouth, and after severe fever varying from 
104° to 105*8° F., and lasting for two days, i gramme of the bihydrochloride of 
quinine was administered by the mouth, and 2 grammes given at the same time 
by intramuscular injection, with the result of a quick and lasting cure of the 
malaria without any signs of blackwater fever. This case appears to us to 
answer every point required by the supporters of the malaria quinine theory of 
blackwater fever, audit may further bo stated that the original infection with 
L. malarice was in West Africa in one of the endemic regions of blackwater fever. 

Matko gives great importance to a disturbance in the phosphate meta- 
bolism as an adiological factor. According to his researches the secondary 
and tertiary phosphates, whether of sodium or potassium, protect against 
quinine Inemolysis, wliile the primary salts do not. 

3. Anaphylaxis.— In rgoq Clcland advanced the theory that the disease 
might be an expression of anaphylaxis to the malarial parasite brought about 
by the presence in th(^ serum of a foreign protein in the shape of disintegrated 
merozoites. But this is open to serious objections, though recently supported 
by Cardamatis, who consi(iers that (juinine might be able, when converted into 
the albuminate, in certain unknown conditions to act as an antigen, which, 
when combined with the malarial toxin, might produce antibodies, which 
might provoke a sensitiveness to quinine in the person suffering from malaria, 
when a further dose ol tlu' drug would produce ^inaphylaxis, perhaps because 
it combiiK's with the antibodies, or perhaps by its transformation into a 
hypertoxic substance. 

4. Unknown Agent.- Sir lAitrick Manson, in 1S93, first promul- 
gated the theory that blackwater lever was a disease distinct from 
malaria, and supported this by the peculiar distribution of the 
disease, which is widespread in tropical Africa, and very local in India. 
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Sambon, in 1898, having in mind the haemoglobinuric fevers of animals, 
brought forward the theory that human blackwater fever would probably be 
found to be a piroplasmosis, and has informed us that on one occasion Sir Patrick 
Manson and he saw one body in a red blood-corpuscle of a case of blackwater 
fever which very closely resembled the bacillary form of Theileria, but it 
is possible that this was merely a peculiar form of Lavcranict malaricB. 

The parasites which have been described are becoming numerous. There is 
a bacillus by Yersin in the renal einthelium. which has since been shown to be 
a strain of Bacillus coli communis ; while the other parasites suggested as 
possible a3tiological factors are a blood parasite l)y F. Plehn, which he now 
identifies with the subtertian malarial parasite; and a double-contoured 
parasite in the red corpuscles by Fisch. which has not been confirmed. A 
body resembling a Piroplasma has been described by Forau, but has been 
criticized by Stephens, as resembling the fragmentation and flagellation of 
erythrocytes commonly seen in malarial anannia in the tropics. Leishman 
has described cell inclusions varying from i to 5 in diameter, and usually 
found in large mononuclear cells of endothelial origin. These inclusions 
are either structureless, homogeneous, circular forms, or ring forms. They 
are embedded in the cytoplasm of the cell, and usually assume a chro- 
matin colour with Romanowsky’s stain. As a rule, several inclusions are 
found together in the same cell; more rarely they are solitary. Leishman 
considers that possibly they are Chlamydozoa. Tli se bodies have been 
adversely criticized by several observers, especially by von Scliilling-Torgau, 
who considers them to be plasmosomata, and Low has found similar bodies 
in other diseases. Balfour has seen these inclusions in a case of blackwater 
fever and in a case of malaria. Schufner has tentatively suggestetl that a 
form of the discasi^ may be of spiroclnetic origin. 

5. Bite of an unknown Arthropod . — Balfour suggests that the disease is not 
of parasitic origin, but due to the injection of some powerful haemoiysin intro- 
duced by the bite of some unknown insect or arachnid. 

In our opinion blackwater fever is a disease of its own, though 
we freely admit the existence of htemoglobinuria from quinine as 
well as from other drugs, such as chlorate of potash, of which we 
know of a case at first diagnosed as blackwater fever. 

Predisposing Causes. — ^I'he predisposing causes of blackwater fever 
appear to be first racial, .second bodily. With regard to the first, 
the immigrant European suffers more than the native, though 
the disease also attacks natives and half-ca.stcs. This racial dis- 
tinction is, therefore, probably due to some acquired or inherited 
immunity. It is said that a person is usually not attacked until 
after residence for at least a year in the endemic area. 

The second scries of predisposing causes appears to be anything 
which lowers the vitality of the body — cold, change of climate, 
another disease — e.g., malaria, syphilis — or certain drugs. 

Pathology. — As the cctiology of the disease is uncertain, the 
pathogenesis is also little understood. 

Christophers and Bentley have brought forward an explanation of the patho- 
logy. Their views may be summarized as follows : — Laverania malariw, the 
subtertian parasite, acts upon the endothelial cells of the blood capillaries of 
various organs, but especially upon those of the spleen and liver, stimulating 
them to excessive destruction (erythrokatalysis) of red blood cells by phago- 
cytosis. This phagocytosis results in the production of an auto-haemolysin 
of the nature of a haemolytic amboceptor, which is retained in the endothelial 
cells until set free by some exciting cause, which may be a chill, overexertion, 
etc. The result of this excitation is to suddenly set free in quantity this 
haemoiysin, wliich destroys the red cells by solution in the plasma (lysaemia), 
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principally in the blood of the liver and kidney, and to a less extent in that of 
the spleen. The lysaemia produces haemoglobinaemia, winch is best demon- 
strated by receiving the blood into hypertonic citrate solution and then centri- 
fugalizin^ when the serum is observed to be of an orange, rarely of a reddish, 
colour. The amount of haemoglobin present in this condition was estimated 
by Christophers and Bentley to be from i to 3*75 per cent, of that present in 
normal blood. This haemoglobin quickly appears in the urine as oxyhaemo- 
globin, which may become methaemoglobin on standing. All the haemo- 
globin probably does not escape by the kidney, for there is evidence of increased 
production of bile, and it is possible that only such quantity as the liver is 
incapable of converting into bile appears in the urine. It is, however, by no 
means certain whether the pigment escapes only by the glomeruli or through 
the tubules, or by both, and it is also uncertain whether the hccmoglobin can 
pass through the cells of a normal kidney. 

Barratt and Yorke, on the other hand, find that the haemoglobinuria is not 
dependent upon haemolysinaemia, but that it is due to a haemoglobinaemia the 
origin of which they were unable to determine. 

They, supported by de Haan, consider that the suppression of 
urine is due to a mechanical blocking of the renal tubes by the forma- 
tion of large, firm, coarsely granular casts in the ducts of Bertini. 
Plehn, however, ascribes this suppression to a nervous inhibition of 
the glomerular secretion. Many authors ascribe the suppression to 
nephritis caused by the disease. Recently the subject has been 
reinvestigated by Yorke and Nauss, who support the mechanical 
theory, and find that it is considerably facilitatedj^by any factor 
which tends to lower the blood-pressure, and by that means the 
secretion of water by the glomeruli, but that if the blood-pressure 
is kept up by the injection of saline solutions, the tendency to 
suppression is decreased. This is of importance in guiding the 
treatment of the condition. 

lE^Morbid Anatomy. — ^There are three cardinal features in the 
morbid anatomy of a case which has died during blackwater fever, 
and these are: (i) Jaundice of the tissues ; (2) N on-coagulated hlood ; 
(3) Swollen congested kidneys. In addition, there may be the signs 
of acute or chronic malaria in the liver, spleen, and bone-marrow. 

On making the post-mortem, the yellow staining of the skin and 
organs is most marked. The kidneys are enlarged, dark red to black 
in colour, while microscopically they show degeneration of the 
epithelium of the convoluted and other tubules, the lumen of which 
is filled with granular material, while the glomeruli may contain 
granular material, and show desquamated capsular cells. 

The liver is enlarged, and the gall-bladder full of inspissated bile. 
Microscopically, areas of necrosis, with thrombi in the sublobular 
veins and quantities of haemosiderin in the cells, many of which may 
be in a state of fatty degeneration, are to be seen. 

The stomach and small intestine are often hypersemic, and the 
bone-marrow is yellowish, and either fluid or gelatinous. 

The Blood. — ^The blood is thin and watery, and there may be 
haemoglobinaemia and cholaemia, with lessened tonicity. The red 
cells and haemoglobin are greatly reduced, and the former may 
include shadow cells and small fragments of cells, and deep staining 
round cells (spherocytes) in the early stages, and later may show 
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degenerative changes such as polychromatophilia and basophilia, 
while megaloblasts and normoblasts are present. Malarial parasites 
or pigment may be seen. During the fever there is marked leuco- 
cytosis, with polymorphonuclear and mononuclear increase, but 
when the fever disappears there is leucopenia, with a mononuclear 
increase. 

The Urine . — ^The urine is dark red to brownish-yellow in colour, 
becoming sometimes black, like stout, the reddish tinge not being 
seen until it is diluted, when it shows with the spectroscope the ab- 
sorption bands of oxy- or methsemoglobin — the latter only if the 
urine has stood some time. The reaction is faintly alkaline, and 
the specific gravity is often less than normal. A considerable 
amount of sediment falls when the urine is left to stand. This 
sediment is composed of dark brown granular material, which is 
the debris of the broken-down red cells, very few of which remain 
intact. Hsematoidin crystals are sometimes met with. On boiling 
the urine, and then allowing it to stand for some time, a bright 
purple colour develops (Plehn’s reaction). If s^me of the urine is 
made alkaline with potash and then boiled, a purple colour, due to 
hcemochromogen, is produced (Stephens and Christophers' reaction). 
The urine resists decomposition for some time. 

The presence of urobilin can be detected by acidulating with a 
little acetic acid, extracting with amyl alcohol, and examining with 
a spectroscope, when a broad band to the red side of F will be 
seen. Bile pigments are seldom present, and may be recognized 
by Gmelin's or Marechal’s reactions. There is a considerable 
amount of albumen present in the form of serum albumen, serum 
globulin, and nucleo-albumen. Phosphates are said to be diminished. 
The hasmosozic value is higher than that of the red corpuslces of 
the blood. 

Symptomatology. — ^Usually the patient has resided six months or 
longer in one of the regions mentioned above, and naturally has had 
attacks of malarial fever, and has taken quinine. 

Prodromata . — Prodromata may be almost entirely absent, but 
usually the patient complains of lassitude, pains all over the body, 
loss of appetite, restlessness at night, and an entire lack of energy 
during the day, and a yellowish tinge may be noted in the con- 
junct ivae or skin for a day or so. 

Attack . — Suddenly the patient feels chilly, and shivering fits may 
occur, accompanied by headache, severe pains in the back and 
legs, and an intense feeling of weakness and nausea, which, as a 
rule, quickly ends in retching and then vomiting, first of food, and 
then of green bile. The tongue is coated with a dirty-yellowish fur, 
and there is much thirst and constipation, the faeces at first being 
dark-coloured, and often scybalous. 

The liver and spleen are enlarged and tender; the skin is hot and 
dry, and if not already tinged yellow, rapidly becomes so, deepening 
in tint as time goes on. It is said that itching is sometimes felt, 
but we have never noted this. The conjunctivae are tinged yellow, 
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like the skin. The temperature rises quickly to 103° or 104° F,, 
and the pulse is regular, rapid, small, and compressible. At first 
the urine may appear normal, but sooner or later the characteristic 
stout -like colour appears, with pains in the back and burning sen- 
sations in the urethra. On the other hand, this may be the first 
feature of the attack, and causes the patient to send at once for the 
doctor, though he may not at the time feel ill, or it may occur at 
the height of the fever, as Kclsch points out. 

The mind may be clear or the patient may be brought to the 
hospital quite unconscious, and may remain so for days, or delirium 
may set in. After a few hours perspiration appears, and the 
temperature remits to about loo"" F., the urine clears, and a mild 
case may recover, wliilc in a severe case, instead of the remission, 
hyperpyrexia, coma, and death may ensue. 

Usually, however, after the remission the temperature again 
rises (post-haem oglobinuric fever), and the shiverings, vomitings, 
and pains return, while diarrhoea, with motions full of bile, and 
sometimes also with blood or lucmoglol)in, comes on. A motion 
with Inemoglobin may present a most striking appearance, being 
mainly green in colour, with a reddish deposit on the surface. 

This second i)aroxysm may be the last, or it may be succeeded 
by several others, after which the patient may recover. On the 
other hand, he may die during these attacks from exhaustion, or 
from hyperpyrexia and coma, or from anuria and uraania. 

Convalescence. — After the attacks the Y)atient is exceedingly 
weak, and convalescence is protracted, and is liable to be compli- 
cated at any time with anuria, leading to fatal uramia. 

Varieties. — Kelsch and Kiener recognize two distinct types — a 
mild and a severe, of which the latter is subdivided into three — 
viz., the ordinary severe, the fulminating with a rapidly fatal 
issue, and the uramic type. 

Complications.— The most usual complication is the passage of 
Inemoglobin or blood per annm, giving rise to ‘ dysenteric motions,' 
as they are often called. Muco-pus is, however, generally absent. 
Inflammation of the tonsils and salivary glands has been noted. 

Sequelm. — ^^Fherc is nearly always grave anamia and much weak- 
ness as the result of an attack, with often stomach and intestinal 
derangements, but of all, the most serious is nephritis, leading to 
uramia. 

^ Diagnosis. — ^Blackwater fever is easily recognized, as a rule, the 
diagnosis being based on the hcBmoglohinuria with high fever and 
jaundice, and the severity of the symptoms. 

The differential diagnosis has to be made from yellow fever, in 
which, however, there is never hamoglobinuria. Acute yellow 
atrophy of the liver and Weil’s disease are easily distinguished by 
the urine, which does not contain haemoglobin, and by the presence 
of the peculiar spirochaete in the blood and urine of the latter 
disease. 

Quinine hamoglobinuria is not a serious disease, and can be readily 
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prevented and cured, and, moreover, is directly associated with a 
dose of quinine. Malarial haemoglobinuria closely resembles black- 
water fever, but is definitely associated with subtertian parasites as 
a rule, and much more rarely with other forms of malarial parasites. 

Prognosis.— The mortality in our experience varies greatly, being 
very high in some epidemics and low in others. The mortalities 
given by Skelton arc as follows: F. Plehn, 4 per cent.; A. Plehn, 
6‘8 per cent.; Stcndel, 16 to 17 per cenV; Koch, 21 per cent.; 
Berenger-Feraud, 23 to 24 per cent.; bchellong, 42 per cent.: 
Reynolds, 50 per cent. 

Bad signs are: — 

r. Persistent vomiting. 

2. Hiccough. 

3. Profuse diarrhoea. 

4. High fever. 

5. Sudden decrease in tlic tension and increase 

in tile frequency of the pulse. 

6. Diminution or cessation of nrine. 

7. Coma. 

Good signs are: — ■ 

1. Idttle gastro-intestinal disturbance. 

2. Low temperature. 

3. Good pulse. 

4. Clear mind. 

It is usually said that a person should not return to the tropics 
after suffering from blackwatcr fever, but many people do return, 
and appear to remain in excellent health. Of course, there is the 
great risk of further attacks. 

Treatment. — ^This may be considered under the following: — 

r. During the attack. 

2. After tile attack. 

3. Remarks. 

I. During thi* Attack.- -The treatment during the attack 
may be considered under the headings {a) Recommended Therapy, 
(b) General Treatment, (c) Diet, (d) Symptomatic Treatment. 

Therapy Recommended , — ^We recommend the Sternberg-Hearsey 
treatment in cases of true blackwatcr fever, as distinguished from 
quinine hiemoglobinuria and malarial h^emoglobinuria. 

This treatment consists in administering 

Liquor hydrar^^yd percaioridi .. .. 30 minims. 

Sodium bicarbonate .. .. .. to grains. 

Water .. .. .. .. to i ounce. 

every two to four hours during the first twenty-four hours, and then 
every three hours until the urine clears. (For details as to the 
Sternberg method see Chapter XLII.) 
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General Treatment. — In treating the disease, the important 
features to be remembered are that the patients are often infected 
with malaria; that they suffer from a great blood destruction, and 
therefore from great weakness; that, as a result of the blood destruc- 
tion, a severe strain is thrown on the liver and kidneys, and that the 
latter are apt to be damaged by the haemoglobin. In fact, sonae 
people think that the haemolysis takes place in the kidney, but in 
any case there is danger of blocking of the renal tubules, of nephritis, 
anuria, and uraemia. Lastly, the disease is apt to relapse. 

From the very commencement, the patient must be put to rest 
in bed, and have careful nursing. A most important matter is to 
flush out the kidneys, and this should be done by introducing water 
into the body in some way. If the patient can take liquids by the 
mouth, use soda-water, albumen-water, whey, cold or warm tea, 
barley-water, or toast -water, in quantity. If vomiting is such that 
liquids cannot be retained by the stomach, use rectal enemata of 
warm physiological saline solution (o-g per cent, of common salt 
in water) or sterile subcutaneous injections (temperature 98*4° 
or 37° C.) of a mixture such as the following : — 

Calcium chloride .. .. .. 4-5 grammes. 

Sodium chloride . , . . . . 10 grammes. 

Distilled welter ,. .. .. .. 1,000 c.c. 

One hundred to two hundred cubic centimetres of this mixture, 
properly sterilized, may be used two or three times a day as a sub- 
cutaneous injection in bad cases. 

Adam Patrick recommends the intravenous injection of a i per cent, sterile 
sodium chloride solution. He has injected as much as 3 pints at one time. 
Bayliss' Solution, containing 6 per cent, gum acacia and o'o per cent, sodium 
chloride, may also be used. 

Diet. — ^The diet must be fluid, preferably in the form of whey, 
milk, chicken-broth, albumen-water, and Benger's food; but strong 
meat-extracts should be avoided. 

If the vomiting is troublesome, and there is no diarrhoea, rectal 
feeding might be tried. Plenty of aerated water should be allowed. 

The condition of the stomach, liver, and kidneys may counter- 
indicate stimulants at times, but there is no doubt of the value of 
champagne and brandy when they can be administered. 

Symptomatic Treatment. — Vomiting may be relieved by sips of 
iced or cooled soda-water or champagne. If these simple remedies 
fail, apply a mustard-leaf to the pit of the stomach. Tincture of 
iodine in a strength of i to 2 drops in an ounce of cinnamon water, 
and administered orally several times a day, may be useful. If this 
fails, hypodermics of morphine must be tried, but it must be ad- 
mitted that we do not like to administer this drug in blackwat er fever 
unless compelled, and prefer to combine atropine with it, and even 
then to give as little as possible. Constipation may be combated by 
means of calomel in repeated small doses, helped if necessary by 
enemata. Diarrhoea should not be too rapidly stopped, but if it is 
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a pressing symptom, weakening and disturbing the patient, then 
tannic acid in 15 grain doses, tannalbin in 15 grain doses, or bismuth 
subnitrate in 10-20 grain doses, may be administered by the mouth, 
or enemata of tannic acid given by the rectum if there is also much 
vomiting. 

The heart's action should be carefully watched, and may require 
support by hypodermic injections of digitalin or caffeine. Calcium 
lactate, having a tonic effect upon the heart, and being also useful 
for other reasons in this disease, may be given in 10 grain doses 
twice or three times a day, or in the form of the injection mentioned 
above. Extract of the pituitary gland has been recommended in 
cases of cardiac failure. 

Malarial parasites, when present in the blood, require treatment by 
intramuscular inj ect ions of quinine bihydrochloride (p . 1 188) , preceded 
by a dose or two of calcium lactate, but the sulphate or bisulphate 
of quinine are contraindicated, and should not be employed. 

Pain in the hack should be treated by hot fomentations, and if 
these fail and the symptoms be urgent, by morphine given sub- 
cutaneously. 

Anuria must be met by vapour baths, before which a hypodermic 
injection of pilocarpine may be given. If this fails, dry or wet 
cupping of the lumbar renal area must be tried, and must be helped 
by oxygen inhalations if available and by free purgation. 

Headache may be relieved by cool applications to the head, but 
special drugs must not be given. 

2. After the Attack. — If the patient survive the attack of 
true blackwater fever, which is often fatal, he should be allowed 
a long convalescence, with a change to a temperate climate if 
possible. During this time he will require good, wholesome, nourish- 
ing food and slowly graduated exercise. 

One attack of ‘ blackwater fever ’ per se should not necessarily 
lead to the permanent invaliding of the patient from the tropics, 
though he should be warned that he returns thereto at his own risk. 
If, however, permanent damage to any organ is also present, this 
should be the deciding factor in stating that a return will be 
dangerous. 

3. Remarks. — Such is the outline of the treatment which we 
advise, but other authors have different views, and one or two 
of these may be briefly mentioned : — 

Dr. O’Sullivan-Beare strongly recommends the decoction or the fluid extract 
of the root of Cassia heareana Holmes ; ihe latter can be obtained from 
T. Christy and Sons, Old Swan Lane, Upper Thames Street, London, and should 
be administered in i fluid drachm, well diluted with water, every two hours at 
first, and afterwards at longer intervals. We have no experience of this drug, 
but its introducer praises it highly, stating that it relieves all the symptoms 
quickly. Skelton says he has never seen it do any good, but that it docs no 
harm. So well is the disease known in West Africa that several native rernedies 
exist. With regard to other drugs, atoxyl is said to be useless. Cantlie has 
used turpentine in mild attacks. Nightingale recommends sodium dimethyl* 
arsenate administered in i -grain doses thrice daily until the temperature is 
below normal for twenty-four hours. It is stated to soothe the gastric irrita- 
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tion and to clear the urine. Cholesterin in doses of i gramme has been given 
at intervals of four hours until two to three or four doses have been admin- 
istered. It is given in suspension in thick milk, or as intramuscular injections 
in olive oil, and has been advocated on account of its antihaemolytic action. 

Prophylaxis. — ^Very little can be said with regard to the prophy- 
laxis, as the knowledge of the aetiology is incomplete. As black- 
water fever generally develops in persons wlio have suffered from 
malaria, quinine prophylaxis should be carried out in the manner 
already described in the chapter on Malaria (Chapter XL., p. 1204), 
attacks of malaria being treated by quinine tannate in small repeated 
doses, or the drug should be preceded by a dose of calcium lactate. 
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CHAPTER XLII 

YELLOW FEVER 

Synonyms — History — Climatology — /Ktiology — Pathology — Symptomatology 
— Diagnosis — Prognosis- — -Trentmcnt^ — Prophylaxis — References. 

Synonyms. — Bilious Remittent fever. Acclimatizing fever, Inflammatory 
fever, Febris Flava, Pestis Americana, Typhus Icteroides. French : Fievre 
Jaime, Italian : Febbre Gialla, Febbre Amarilla. German : Ge^bfieber. In 
addition, there are a large number of local names, such as Bulam fever 
(Grenada) ; Kendal's disease (Barbados) ; Pest of Havana (Cuba) ; Maladie de 
Siam (Martinique); Febre remittente biliosa dos bezos queiTes (Brazil); Febre 
amarelle dos acclimatados (Brazil); Magdalena fever (Columbia). 

Definition. — An acute specilic non-contagious fever of unknown 
causation characterized usually by two paroxysms of fever, separ- 
ated by a remission or intermission, and accompanied with albumin- 
uria, jaundice, and haemorrhages, with usually a normal number 
of leucocytes and polymorphonuclear leucocytes. It is spread by 
the agency of Stcf^omyia calopus Meigen, i8i8 (synonym, wS'. fasciata 
Fabricius, 1805, non O. F. Miillcr, 1764)- 

History. — ^Yellow fever is believed to have originally been a 
disease of the Antilles, and to have attacked the troops of Christopher 
Columbus in 1495 in the Isle of Spain (St. Domingo), from which it 
was carried by tl^e Spaniards to the mainland of America. The 
endemic home of the disease at the present time is the east coast 
of Mexico, where it was reported in 1509 at Vera Cruz, and Central 
America from Cape Tampics to Cape Gracias a Dios, and the Greater 
and Lesser Antilles. From this area it can spread by ships to various 
parts of the world, where it may become epidemic. 

The first clearly written description of yellow fever is that by 
P. du Tertre, in Guadeloupe, in 1635, but it soon became well 
known from the epidemic in Cuba in 1648-49; Jamaica, 1655; 
San Domingo, 1656; Martiniepie, 1688; and Vera Cruz, if)9o. In 
1698 it was recognized that the disease was being carried from place 
to place by ships, and a quarantine ordinance was brought into 
force, which lasted from 1709 till 1790, when the extensive wars 
of the period caused it to be ineffective, with the result that between 
1791 and 1815 most extensive epidemics took place, and gave 
ample opportunity for the study of the disease. In 1794 Drysdalc, 
of Baltimore, in 1797 and 1805 Rush, in Philadelphia, and in 1802 
Vaughan, in Wilmington, drew attention to the large numbers of 
mosquitoes and other insects which abounded in their respective 
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towns during yellow-fever epidemics, though rare in preceding 
years. With regard to bilious remittent fever, a good account 
of this disease was given in 1842 by Burton in the first volume of the 
British Medical Journal (then called the Provincial Medical Jour- 
nal). In 1848 Nott, of Mobile, accused some insect or mosquito 
of being the possible carrier of yellow fever. In 1876 Dowell, 
of Galveston, showed that mosquitoes and yellow fever obeyed 
the same natural laws, and in 1878 it was demonstrated in Mobile 
that quarantine of the patients, together with sulphur fumigation, 
could control the epidemic. But it was not till 1881 that Charles 
F'inlay, of Havana, directly attributed the spread of the disease to 
the mosquito. In 1882 Gererd, having caused a mosquito to 
suck the blood of a patient on the fourth day of the fever, then 
allowed it at once to bite his hand, with the result that he developed 
in due course a mild attack of yellow fever. The credit of having 
supported the mosquito theory for many years in numerous publica- 
tions belongs to Finlay. 

In 1883 Freire, of Rio de Janeiro, thought that he had discovered 
the cause of the disease in the shape of a micrococcus, and later 
C. Valle, C. Finlay, and Gibicr each described specific bacteria. 
Sternberg studied the disease for years, but could find no definite 
bacterial or other cause. He, however, in a certain number of 
cases, came across a bacillus, which he called ‘ X. ’ In 1897 Sanarelli 
announced that he had found a bacterium (Bacillus icteroides) 
which he believed to be the cause of the disease, and, further, he 
prepared a serum for its treatment. Sanarelli’s findings were at 
first confirmed by a large number of observers. 

In 1900 Reed and Carroll announced that Bacillus X belonged to 
the colon group of bacteria, and to the hog-cholera group, 
and was probably identical withB. cholercB suis. In our experience 
B. icteroides is not identical with B. cholerce suis, but is a distinct 
species, although it plays no part in the aetiology of the malady, 
and is merely the cause of a secondary infection. In the same 
year Reed, Carroll, Agramonte, and Lazear proved that the disease 
could be produced by the subcutaneous injection of infected blood 
into a non-immune person; that the disease was not contagious, 
and was only spread by the bites of Stegomyia calopus. The agency 
of the mosquito was speedily confirmed by Guiteras, Ribas and Lutz, 
Marchoux, Salimbeni and Simond, Parker, Beyer and Pothier, and 
later by Rosenau, Parker, Francis and Beyer. 

Parker, Beyer, and Pothier concluded that the aetiological cause 
was Myxococctdium stegomyicB, found in infected mosquitoes, which they 
TOlieved to be an animal parasite closely resembling a Coccidium. Carroll, 
however, refuted ^s, as did Marchoux, Salimbeni, and Simond, and finally 
Kosenau, Parker, Francis, and Beyer clearly proved that M. stegomyicB was 
a yeast normally found in mosquitoes. 

Rosenau, Francis and Beyer showed that the disease 
could be communicated by the inoculation of infected blood filtered 
through the closest -grained Pasteur-Chamberland B filter which 
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they could obtain, and therefore came to the conclusion that the 
causal agent of the disease must be of ultraixiicroscopic size. 

In 1909 Seidelin described the presence of minute bodies {Paraplasma 
flavigenum) in the red cells of persons suffering from yellow fever, but these are 
not believed to have anything to do with yellow fever. Low and Wenyon 
have shown that Seidelin's bodies are common in the blood of young 
guinea-pigs. ^ 



Fig. 628. — Map OF the Distribution of Yellow Fever. (After Newstead.) 



Fig. 629. — -The Distribution of Stegomyia calopus. (After Newstead.) 


The theory of the propagation of the disease by Stegomyia 
calopus has been put to the practical test of prophylaxis with most 
excellent results in Havana, Texas, Mexico, and New Orleans, and 
in the works of the Panama Canal. The late Sir Rubert Boyce 
did excellent work in drawing attention to the yellow fever of 
West Africa, where it is extremely deadly at times, and which is 
probably a secondary endemic centre. 
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It is impossible to close this history without drawing the reader's 
attention to the great benefit conferred upon mankind by the labours 
of Reed, Carroll, Agramonte, and Lazear, the last named dying 
from yellow fever following an experimental bite of an infected 
mosquito. 

Climatology. — ^As already stated, the endemic area includes a 
portion of the Atlantic coasts of Mexico and Central and South 
America, as well as the Antilles. Some of the more important 
endemic centres at the present time are Guatemala, Spanish Hon- 
duras, Nicaragua, Costa Rica, Salvador, French Guiana, Dutch 
Guiana, along the Rivers Magdalena, Orinoco, and Amazon, and in 
Ecuador. There is evidence that the Cape Verde Islands were in- 
fected in 1510-15, and that the Gulf of Benin received its yellow 
fever from this source in 1520, and it is possible that it has been 
endemic on the West Coast of Africa from that date. Bo3^ce was of 
the opinion that it has been a disease of Africa from time immemor- 
able, but, though these early historical points cannot satisfactorily 
be settled, there is more evidence that the true home is Central 
America, and that Africa is a secondary endemic area, in which very 
serious outbreaks have been recorded in the past, and where the 
disease is at times epidemic. 

From the endemic centre the disease can spread by the agency 
of ships until it reaches 46° 56' N. (Quebec) and 34° 54' S. (Monte 
Video), which correspond to the isotherm of 60° F. (16° C.) for the 
mean temperature of the hottest month of the year. At its northern 
limits the disease is generally very mild, but at its southern limits 
it may be very severe. 

The areas most usually affected are the Atlantic coasts of North 
America, as far north as Charleston (32° 46' N.), and of South 
America as far south as Rio de Janeiro (22'' 54' S.). Another region 
commonly affected is the West Coast of Africa from Senegambia to 
Saint Paul de Loa do. 

Europe has frecpiently been attacked— England (Swansea) in 
1865, France in 1861, Spain and Portugal in the eighteenth and 
nineteenth centuries, the last infection being in Madrid in 1878, 
and Italy (Leghorn) in 1804. 

The disease has apparently more than once reached the Pacific, 
for it spread in 1740 to Guayaquil, in Ecuador, and in 1854 to Peru. 

The distribution corresponds with that of Sic^^omyia calopits, and 
the fact that the disease is endemic in warm climates and more 
marked in the hot season, while it disappears in the winter of 
temperate climates, reappearing in the summer, coincides with the 
habits of the mosquito. Inirthcr, the facts that it is carried by 
infected ships and that it may affect low-lying regions near the coast, 
particularly ports, in which the dweliing-houses are especially 
attacked, are explicable by its mosquito transmission. 

It appears to us that the fever associated with black vomit, found among 
children in ‘ Grande terre,' Guadeloupe, must either be a form of yellow fever 
or closely allied to it, though possibly some cases may be confused with the 
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vomiting sickness of Jamaica, in which black vomit is absent (p, 1695). At 
^ «the same time it is interesting to note the general similarity between pappataci 
* fever, dengue, and yellow fever, which appear to form a group of closely allied 
diseases. 

Yellow fever has been recorded by Hudellet at Dinguira, Mahina, 
Ouida, between Kayes and tlie Niger in the Sudan, while cases 
have been recorded in Java. 

etiology. — ^^rhe causal agent exists in the blood of an infected 
person, as can be proved by the fact that the subcutaneous inocula- 
tion of 0*1 c.c. of the infected blood into non-immune persons 
produces attacks of the disease, but it cannot be spread to man by 
post-mortem wounds. This eausal agent appears to be, at least in 
one of its stages, of exceedingly small size, for diluted blood fdtered 
through a Pasteur'Chamberland B bougie can still cause tlie disease 
if inoculated intravenously into a non-immune. 

According to Seidolin, it is a small protozoon [Paraplasma jlavigenum 
Seidelin, 1909) found in llio rod blood colls, but the parasitic forms described 
by this author arc now considered to be artefacts. 

It is obviously a living organism, and not a chemical substance, 
because of the time it takes to develop in man and the mosquito, 
for tlie inculcation period in man is usually three days. The mos- 
quito, in order to bc^come infected, must bite a patient during the 
lirst throe days of his illness, and then fourteen days must elapse 
before the infeclcd mosquito can transmit the disease. 

The proof of the transmission of the disease by Siegomyia calopus 
was worked out by Reed, Carroll, Agramonte, and Lazear, by con- 
structing a gnat-proof building divided into two gnat-proof com- 
partments, into the first of which infected mosquitcK^s were liberated 
and allowed to bite a non-immune, while other non-immuncs slept 
in the second compartment. The man in tlie first compartment 
developed an attack of yellow fever, while the others did not. 

Non-immun('.s living in gnat -proof houses, with articles of clothing 
and bedding soiled with urine, faeces, black vomit, etc., from cases 
of yellow fever, did not contract the disease, though after this 
experiment was finished some were infected by means of the bites 
of infected mosquitoes, thus proving that they were not immune. 

Marchoux and Simond extended this knowledge by showing that 
a Stegomyia can live for some thirty days, and lay seven batches of 
eggs. Those laid after the twelve days’ incubation by an infected 
mosquito are also infected, and can transmit the contagium vivum 
to a second generation of mosquitoes, but these cannot infect non- 
immunes until fourteen days after hatching as imagines. 

The new generation of Stegomyia were fed upon glucose, and were 
made to bite a recent non-immune arrival in Brazil, but no infection 
followed. A week later the same mosquito was allowed to bite 
the same person, who then developed a typical attack of yellow fever, 
from which he subsequently recovered and was found to be immune. 

This is believed to indicate that a mosquito requires a feed of blood 
before it can produce infection. 
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It is also stated that before a stegomyia can lay eggs she must 
have a feed of blood, the eggs being laid three days later, after which 
she is said to feed only at night, while before this she feeds during 
the day and during the night. 

From this it is argued that any stegomyia which bites in the day- 
time can have only immature parasites, and therefore cannot 
produce an infection. 

A mosquito can produce yellow fever some fifty-seven days after 
infection, which appears to become more virulent the longer it 
remains in the insect, especially if the air temperature is 27^" to 28° C. 

Further, the contagium vivum can apparently only exist in man 
and Stegomyia calopns, though it is true that a chimpanzee, after 
an incubation of three days, suffered from atypical attack of yellow 
fever, induced by experimental mosquito-bites, as was shown by 
Thomas in No other mosquito so far has been proved to 

carry the infection. It appears, also, that the development in the 
mosquito depends to some extent upon the air temperature, as in 
the case of the malarial parasite. 

Thomas has succeeded in producing a reaction in a chimpanzee five days 
after infection by the bite of an infected Stegomyia, and in guinea-pigs from 
four and a half to thirteen days after being bitten by infected Stegomyia, 
It must be remembered that in yellow fever epidemics it is stated that dogs 
and fowls are supposed to be ill, but from what cause is unknown. Manson 
has suggested that the disease may be kept up by animals. 

The cctiology may therefore be summarized by saying that the 
causation is an animal parasite, living in the blood stream of man 
and in the body of Stegomyia calopns Meigen, 1818 (5. fasciata 
Fabricius, 1805, non 0. ¥. Muller, 1764), by the bites of which it can 
be transmitted to man and the chimpanzee. The blood of the in- 
fected man is transmissive only during the first three to four days. 
Stegomyia calopns begins to be infective fourteen days after the 
transmissive feed, and remains infective for at least another forty- 
three days, and it has been claimed that it can pass on the infc ction 
to its young, which require a feed of blood before the virus becomes 
infective. During this non-infectivc period they bite during the 
daytime, but do not after their first feed and the deposition of their 
first eggs. It is possible that other species of Stegomyia, in the 
future, may be found to be carriers as well as 5. calopns. 

Unfortunately, according to Theobald, it is necessary to change the old 
name Stegomyia fasciata Fabricius, 1805, to S. frater Desvoidy, 1827, or to 
5 . calopns Meigen, 1818, though there is some doubt as to whether the latter, 
which is, of course, the older term, really applies to the insect we know as 
5 . fasciata. The reason for this change is because the term fasciata was used 
by O. F. Muller in 1764 (not by de Villers, often wrongly spelt Villiers) for a 
Culex distinct from S. fasciata Fabricius, 1805. More recently there seems 
to be some doubt as to the correctness of the new term — that is, 5. calopns — 
and a return to the old term, S. fasciata, may be necessary. 

Spirochcetc. — In 1909 Stimson, reported the presence of a spiro- 
chaete in yellow fever (S. interrogans Stimson, 1909), but no im- 
portance was given to this observation. Recently Noguchi has 
cultivated from the blood of several cases a spirochaste somewha t 
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similar to 5 . icterohcemorrhagicB, and has named it Leptospira 
icteroides. 

Pathology. — In yellow fever the cells of the liver swell, and, 
pressing upon the bile capillaries, obstruct the flov/ of bile and 
cause a hepatogenous jaundice, characterized by yellow staining 
of the skin and tissues, and by the presence of bile in the urine. 
Further, the swelling blocks the intralobular capillaries, causing 
congestion of all the viscera drained by the portal vein, but especially 
of the pyloric end of the stomach and the duodenum, because of 
the arrangement of the veins from those parts. This stagnation 
of the blood may allow a secondary bacterial infection to take 
place, which shows its effect on the intestine and spleen. 

The liver cells degenerate so extensively in bad cases as to cause 
the urea function to be considerably lessened in activity, and thereby 
a condition of ammoni^emia comes about, which produces most 
serious toxic effects upon the brain and other organs. In addition, 
the disease in some way seriously affects the endothelial lining of 
the blood capillaries, producing haemorrhages in various parts of 
the body. If these leading features of the pathology are borne in 
mind, the post-mortem appearances and the symptomatology will 
be easily understood. 

An attack generally confers a lasting immunity upon a person, 
and second attacks arc rare, and it appears that the so-called 
racial immunity of people living in endemic regions is really cin 
acquired immunity, due to mild attacks in childhood. Relative 
immunity can be acquired by inoculation of infected blood heated 
to 55° C. for five minutes. Further, it is found that the serum of 
a convalescent has some prot(‘ctive power. 

The Blood . — ^There is no marked alteration in the numbers or 
appearance of the erythrocytes, even in fatal cases. A few normo- 
blasts arc said to be pr(‘sent at times. On the other hand, there is a 
decided loss of luemoglobin, though this is rarely much reduced in 
the first three or four days; and hscmoglobina-'mia is said to occur 
in fatal cases before death. But this does not appear to coincide 
with the fall of spt'cific gravity, which may be present without loss 
of luemoglobin. 

The leucocytes do not appear to be distinctly increased in numbers, 
varying from 3,200 to 20,000 per cubic millimetre, the increase, 
wlicn present, being largely caused by polymorphonuclear leuco- 
cytes. The coagulation of the blood is diminished, and ammoni- 
aemia is thought to be present in bad cases. 

The C/nni?.— Albumen aj)pears early — as a rule, on the second 
(lay — and increases in quantity remarkably, especially in severe 
cases. During convalescence it may disappear, or may last for 
months. Bile is present about the fifth or sixth day, and red blood 
cells may also occur, though leucocytes are rather rare. Casts arc 
present — ^first hyaline, then granular, and finally epithelial. Urea 
is diminished in bad cases, and the diazo-reaction is believed to be 
absent in uncomplicated cases. 
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The Vomit. — ^^I'he vomit is often distinguished as white, red, and 
black. The white is acid, colourless or bile-stained, and is composed 
largely of mucus. Tlie red vomit contains briglit blood, while t he black 
is acid, containing iiydrochloric acid, epithelial cells, red corpuscles, 
fat, debris, and micro-organisms, its colour being due to the presence 
of haemoglobin, turned to acid haematin by the hydrochloric acid. 

Morbid Anatomy. — The skin is yellow from bile-pigment, and 
blotched with post-mortem lividity and haemorrhages. The mucosa 
of the tongue is fissured, and the mouth may be covered with blood. 
The liv^cr is yellowish or brownish in colour, marked by haemorrhages. 
The cells are swollen and in a state of advanced fatty degeneration. 
The gall-bladder contains inspissated bile, sometimes mixed with 
blood. The spleen is normal in size, but may be congested and soft. 
The stomach and intestines may be full of blood, usually in the form 
of a black homogeneous tarry fluid containing black particles, and the 
mucosa of tlie stomacli, es])ecially that of the pylorus and duodenum, 
is usually much swollen, and the mesenteric glands may sometimes 
be enlarged. The kidneys are, as a rule, normal in size, and show 
signs of some congestion. Bowman’s capsules are said to be dilated, 
but this is not constant. The cells of the tubules show fatty de- 
generation, and the lumen may contain granular debris. The supra- 
rt'.nal capsuhis may be hyper^cmic or show fatty degeneration, but 
mdther of these is constant, and hypenemia or fatty degeneration 
of the })ituitary body and the thyroid gland have been described, 
but ar(‘ not imj)ortant. The bladder is usually empty, d'he heart 
sliows ecchymosc's, and effusions may be found in the pericardium. 
The lungs may be congested, and haemorrhages may be found beneath 
the pleura,. The uterine mucosa is congested, and there may be 
blood in the cavity. 'The meninges of the brain are congested, and 
h.'emorrhagic spots ma.y ])e seen. 

Symptomatology- -Incuhaiion.- -An exact knowledge of the length 
of the incubation period is of the utmost importance from a pro- 
phylactic point of view. Calculated from experimental mosquito 
bites, it varies from two days twenty-two hours to seven days five 
hours, but the latter figure was in a man who had had a mild attack. 
With regard to the former period, it is the shortest actual record, 
but some more doubtful figures, as low as two days one hour, are 
given. Excluding the man with the slight attack, the incubation 
period, as generally given by American observers, would be from 
two days twenty-two hours to six days two hours. Marchoux. 
Salimbeni, and vSimond consider that the incubation may be as long 
as twelve days, and draw this conclusion from inoculation of modified 
blood serum, and also from natural infection. Carter’s careful 
clinical records, however, give the incubation period as varying from 
three to five and three-cpiarter days. 

The avQrage time appears to be about five days, but to be on the 
safe side at least six to seven days must be allowed. 

The Fever . — ^The fever is divisible into two paroxysms, separated 
by a remission or intermission. The first attack is characterized 
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by headache, pale, then flushed, face, injected eyes, and pains in 
tne body, and after the second day albuminuria; while the second 
^ shows the jaundice from which the disease obtains its name, 
and the haemorrhages, of which black vomit and black motions form 
such ominous signs. 

Onset. Prodromata are usually absent, but general malaise may 
be lelt for some little time previously. I'he attack begins with a 
sensation of coldness, with or without rigors, and with severe frontal 
headache, pains in the back and limbs, while the face, at first pale, 
becomes flushed and painful, the skin congested, the eyes brilliant 
and injected, and photophobia is often piesent. The temperature 
rapidly rises to 103° F. or more; the respiration quickens and is 
laboured; the pulse is quick, full, and bounding, reaching to 100 or 
120 per minute. The appetite is lost, and there is usuafly vomiting, 
associated with pain and tenderness in the region of the pylorus, and 
usually constipation. The urine is generally diminished, acid in 
reaction, with a high specific gravity, and albumen is present from 
the first or second day. Its passage may cause a sensation of burn- 
ing. During this stage there is often insomnia. 

Intermission . — On the second to fourth day the remission sets in, 
the temperature either dropping with a crisis, accompanied by 
sweating, to normal, or remitting to about too° F., the flush and 
pains disappearing. In the former case the disease ends and con- 
va.lescence begins. More usually, however, after a few hours’ re- 
mission, during which the patient feels much better and sleeps well, 
the temperature again rises to 104° or 105"’ F.; but a most char- 
acteristic feature, called ' Faget’s sign,’ now shows itself, in that the 
pulse does not increase in rapidity as the temperature rises. On the 
contrary, as days go on, the pulse-rate tends to become slower and 
slower, without regard to the temperature. This sign depends upon 
the severity of the case, being most noticeable in severe types, in 
which it may be only 70 to 60 per minute, though associated with 
a high temperature. 

Second Attack . — ^During the second attack all the symptoms of 
the first paroxysm return, but the congestion of the skin is not so 
marked, and the yellow tint of jaundice appears for the first time, 
and deepens as the illness proceeds. The vomiting and tenderness 
in the stomach return, and are associated now with much thirst 
and prostration. The tongue is dry and furred, with red tip and 
edges. Haemorrhages may now occur from the nose, mouth, or 
uterus, and the bad signs of black vomit and melaena may appear. 
The urine diminishes in quantity, and the albumen increases. In 
bad cases its excretion may totally cease. There is generally much 
restlessness, and often delirium. 

Terminations . — ^Two courses are now possible. The first is that 
after three to four days’ illness the temperature may decline, the 
urine increase in amount, the albumen diminish, and the vomiting 
gradually cease; while sweating may occur, and the patient, passing 
into a deep sleep, awakens on the road to convalescence. The second 
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is that the temperature does not decline, the jaundice deepens, 
htemorrhages ap])car under tlie skin, and from the regions indicated 
above, hiccough, subsultus tendinum, clammy sweats, anuria, 
coma, and convulsions lead to death, which may, however, take 
place before the full development of these symptoms by cardiac 
or respiratory failure. 

Varieties. — -Three varieties may be recognized, though some 
authors describe more. These are the mild, the severe, and the 
malignant. The mild type consists of simply the first paroxysm, 
in which the temperature does not rise above 102° F., the urine 
contains albumen, and the fever ceases by crisis on the second or 
third day. Tlie severe type shows the characters given above as 
typical for the disease. The malignant type begins with liigh fever, 
105° to 107° F., witli violent vomiting and the early appearance 
of black vomit and niehena, when the patient quickly becomes 
delirious, and dies in the initial fever. 

Complications. — ^Any pre-existing pathological condition is serious 
in yellow fever, but renal and cardiac affections are perhaps tlie worst. 
Gangrene, abscesses, congestion of the lungs, and intussusception 
are possible complications arising in the course of the disease. 

SequelaB.— -Boils and abscesses, dysentery and liepatitis, are the 
common sequels, but usually convalescence is not complicated or 
protracted. 

Prognosis. — ^'Phe mortality is very variously givtni, usually 10 to 
25 per cent, for tlie United States and Europe, and 45 to 80 jier 
cent, for the endciinic area and West Africa. The extremes are 
0‘5 to 94*5 ])er cent. 

All cases of yellow fever must be considerc'd serious, especially 
if complicated with pre-existing disease, and constant care must 
be taken to measure the daily quantity of urine passed, and to 
e.stimatc the amount of albumen; for markcxl diminution of the 
urine, especially anuria, is a grave sign. High t(anperatures, black 
vomit, mehena and other h.Temorrhages, and marked disturbance 
of the nervous system, are all bad omens. 

According to Sternberg, if the temperature does not rise over 
103'’ F. the jirognosis is usually good. 

Diagnosis. — ^^Phe typical symptoms in an epidemic will hardly be 
mistaken for any other disease, but the mild early case is very diffi- 
cult to recognize. The best signs for a positive diagnosis are the 
early albuininuria, the epigastric tenderness, and, later, the jaun- 
dice, with Faget’s sign, and the black vomit. 

Differential Diagnosis . — The most important diseases to differen- 
tiate in the first stage are dengue, subtertian malaria, blackwater 
fever, and relapsing fever. Dengue may be recognized by the 
absence of albuminuria, the preliminary rash, and leucopenia; 
subtertian malaria by the parasites in the blood, and in some cases 
the typical four-hourly temperature chart; blackwater fever by the 
haemoglobin in the urine and ,the mononuclear increase; relapsing 
fever by the parasites in the blood and the leucocytosis. 
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Treatment. — fhere is no specific remedy known for yellow fever, 
rile usual treatment, if the patient is seen on the first or second 
day, is to give repeated small doses of calomel until 3-5 grains 
have been administered, and then a draught of magnesium sulphate 
and sodium sulphate. Then employ Sternberg’s mixture, which is : — 

Sodium bicarbonate .. .. .. 150 grains. 

Perchloride of mercury . . . . . . grain. 

Water . . . , . . . . . . 60 ounces. 

This is given in three tablespoonful doses every hour. 

General Treatment.— Ks the cause of the disease is unknown, the 
treatment must aim at the prevention of the spread of the infection, 
the rapid elimination of the toxins, and the alleviation of the 
symptoms. To prevent the spread of the disease, the patient’s bed- 
room must be rendered gnat-proof. The excretion of the toxins 
must take place by the bowels, skin, and kidneys, and therefore 
it is necessary to encourage the action of all tliree. The action of 
the bowels can be maintained by enemata of i tablespoonful of 
sodium sulphate dissolved in a pint of warm water, and given 
morning and night. 

Wlieii there is severe headache, a hot mustard foot-bath may be 
given, whicli should relieve the head. After this the patient is 
warmly wrapped up in blankets, care being taken that he is not 
oppressed by the clothing, for only those who have been seriously 
ill can appreciate how embarrassing the weight of heavy blankets 
is to the heart. It is hoped that by these means the action of the 
skin will be stimulated. 

In order to dilute the toxins, and at the same time to stimulate 
the action of the kidneys, an alkaline treatment, with plenty of 
fiuid, is required. This can be effected by administering 2 to 
4 quarts of iced Celestin variety of Vichy water in the twenty- 
four hours, or the same quantity of any alkaline mineral water, 
to each pint of which 30 grains of sodium bicarbonate have been 
added; or by Sternberg’s mixture as recommended above; or an 
effervescing drink can be made up of sodium bicarbonate and fresh 
lime-juice, but care should be taken that tins is mixed in such 
quantities as to be neutral, and it may, if necessary, be combined 
with sodium sulphate. If this alkaline treatment cannot be given 
by the mouth, then the bicarbonate of soda must be administered 
as warm enemata. 

Symptomatic Treatment. — ^As regards symptoms, if there is great 
pain, this can be relieved by a small dose of phenacetin, while 
severe lumbar pain may be relieved by hot fomentations; but if no 
urine is passing, the warm mustard bath will be better. 

Vomiting is treated by sips of iced Vichy, iced champagne, a 
blister to the pit of the stomach, a dose of a mixture containing 
chloroform, or a hypodermic injection of morphia. If there is 
much fever, this must be treated by cool sponging and cool applica- 
tions to the head. 

Black vomit should be treated by the application of the ice-bag 
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to the pit of the stomach, and haemorrhages in general^ should be 
met with doses of calcium chloride or hypodermic injections of 
adrenalin or ergot in. 

In these bad cases it is advised by some authors to rub olive oil 
into the skin in quantity, with a view of ladcning the endothelial 
cells of tlie blood capillaries with fatty particles, and so protecting 
them against the action of the toxins. 

Anuria requires treatment by hot fomentations to the loins, or 
cupping and hot-air baths, and Carroll recommends the injection of 
15 grains of urea, cither hypodermically or by tlie rectum, with a view 
to stimulating renal activity, on the ground that in these bad cases 
the production of urea by the liver is not sufficient for that purpose. 

Cardiac failure requires liypodermic injections of strychnine, 
camphor dissolved in ether or oiJ, or sim])ly ctlier. 

Diet , — -No food should be given for two or three days, but only 
the alkaline drinks, and champagne if necessary, the idea being to 
relieve the stomach and prevent the accumulation of waste products 
in the system, and so to save the kidney from too much work. 

After this time, or if the temperature is below 102'' F., milk and 
lime-water, toast-water, and barley-water may be given. With 
a view to saving tissue waste and getting fat into the circulation, 
pure frozen cream, cold white wine-jelly or lemon-jelly, should 
be given, or olive oil administered by tlie mouth or rubbed into the 
skin, as indicated above. 

After tlie temperature has been norma .1 for some three da3'S, 
chicken-broth, custard-pudding, blanc-maiige, etc., can be tried, 
and a few days later the diet can be gradually increased. 

vStrong beef extracts and strong alcoholic stimulants should be 
avoided, the best stimulant being iced chaiTi])agn(‘ in tablespoonful 
doses. 

Prophylaxis. — Yellow fever is gencrall}^ conveyed from one 
place to another by ships, but in order to juoduce an epidemic 
several factors are necessary — viz., cases of the diHPt'asc from which 
Stegomyia cedopus may become infected, together with conditions 
of temperature, moisture, etc., suitable for the develoimient of 
the germ in the moscpiilo, and also lor tlu' ])ropagation of the 
mosquito itself, together with the presence of non-immune people 
for the mosquito to infect. It is also necessary to bear in mind 
that the incubation ])eriod is usually fiom three to six days, and 
therefore quarantine must be of at least five days, or, to be on the 
safe side, of six or seven days' duration. In order that the mos- 
quito may become infected it must bite a patient during the first 
three days of the illness, and another fourteen days must elapse 
before it is able to infect non-immunes. Therefore an infected 
ship must be anchored at least a quarter of a mile from the shore 
and from other ships. The sick must be placed in mosquito-proof 
rooms, the crew quarantined for at least six to seven days, and the 
whole ship disinfected by a Clayton’s disinfector, preferably be- 
tween 9 a.m. and 3 p.m., while the mosquitoes are quiescent. 
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Dock-labourers working on suspected or disinfected ships should live 
in special gnat -proof buildings, and be under medical supervision. 

With regard to an infected area, it must be remembered that 
Stegomyia calopus is essentially domestic in its habits, that it is 
active from 2 p.m. till early morning, but that it is quiescent between 
the hours of 9 a.m. and 2 p.m., when, ttiercfore, visits can be made 
to infected areas without risk. Further, the mosquito is known 
to bite dead bodies and suck the blood, but this will seldom infect 
it, as a patient generally lives longer than the three days during 
which the disease can be communicated to the mosquito. Lastly, 
it can pass through a screen with fifteen meshes, but not tlirough 
one with twenty meshes to th inch. 

The mosquito docs not die after laying its eggs, Init lives until 
it has laid seven batches— some thirty days. I'he eggs laid 
twelve days after infection arc capable of carrying die infection 
into the second generation, which can s})read the disease fourteen 
days after becoming imagines. As tlie mosquito is believed to be 
non-infcctive when it bites in the daytime, non-immunes mey visit 
an endemic area in the dey with impunity, but must not slay late 
in the afternoon. 

When a person is moved from an infected room, disinfection 
.should bo l>egun at once. All cracks, openings, etc., should be 
closed with paper, and fumigation carried out, preferably by means 
of .sulphur dioxide gas, or if there is an objection to this because 
of the damage it causes, pyrethrum may be used, but must be 
burned in the proportion of i pound to 1,000 cubic feet of air- 
space if the mosquitoes are to be merely stupefied, and 2 pounds 
if they are to be killed; or tobacco, i pound per 1,000 cubic feet, 
may be u.sed. 

In addition, if an epidemic is to be eradicated, cases must be at 
once notified to the central authority, and patients must be strictly 
treated in mosquito-proof rooms, and every person, immuue or 
non-immunc, must use mosquito-curtains, while an anti-mosquito 
scheme on the lines mentioned under Malaria must be undertaken. 
Special care must, however, be taken to eradicate, after a careful 
survey, all the breeding-places, not forgetting those in old tins, 
cocoanut-shells, gutters, small pools, etc. In endemic areas, houses 
and public buildings should be rendered gnat-proof. Lastly, when 
an epidemic breaks out in any place, it may be taken for granted 
that the importation took place at ieast two to tlirec weeks pi'ior 
to the discovery, for this is the time required for the incubation of 
the germ in the mosquito and in man; and it may also be assumed 
that mild cases arc probably being treated for influenza or malaria. 
Therefore a house-to-house visitation is almost necessary, in order 
to find out the extent of the outbreak. 

Given a free hand and plenty of money, there should Ixj no 
difficulty in dealing with a threatened epidemic, but the public 
must be won over to assist, and offenders must be fined for trans- 
gressions against sanitation, as is done by the Americans in Panama, 
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the offences being the presence of mosquito larvae, imperfect screen- 
ing of the house, accumulation of water, etc. 

The prophylactic measures may be summarized as follows; — 

A , Where there is reason to believe that yellow fever is endemic. 

(1) Segregation of non-immunes, partial or complete, town plan- 

ning. 

(2) Screening: — 

/«) The bed. 

(b) The veranda. 

(c) The house. 

(3) Systematic mosquito destruction : — 

(a) Removal of breeding-places. 

{b) Screening of water cisterns. 

[c) Oiling. 

{d) Drainage. 

(e) Bush clearing. 

(4) Education. Infliction of fines for transgressions. 

(5) Quarantine administration. 

(6) Non-immunes only to visit endemic area in the daytime. 

B. Where yellow fever has broken out. 

(1) Removal of all non-immunes outside the infected area, and 

deflection of the traffic outside the infected area. 

(2) Isolation of cases and suspected cases. 

(3) Provision for isolation of contacts. 

(4) Early notification. 

(5) Eumigation. 

(6) Emergency mosquito measures : — 

{a) Removal of receptacleis. 
lb) Oiling. 

[c) Screening. 

(ii) Drainage. 

(7) Education • — 

(a) Lectures. 

{b) Meetings. 

{c) Pamphlets. 

(8) General organization of the medical forces. 

No anxiety need now be felt as to the spread of yellow fever 
to Asia tlumgli the Panama Canal has been opened, for it appears 
as tliougli not merely yellow fever, but all infectious and con- 
tagious fevers are bound to be eradicated from the Canal zone 
under the able American rule. 
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CHAPTER XLIII 


DENGUE AND ALLIED FEVERS 


Dengue — Seven days’ fever — Dengue-like fevers — References. 


DENGUE. 

Synonyms. — Rebris Endemica cum Roseola, Exanthesis Atlirosia, Knok- 
kelkoorts, Arlhrodynie, Fievre Rouge, and probably the ‘seven days’ fever.’ 

There are upwards of one hundred known synonyms for this fever, many 
of which refer to it as a form of rheumatism, or give it fanciful terms, such as 
‘ breakbone ' or ' breakheart,’ ' broken wing ’ or ‘ giraffe fever.’ It is some- 
times called ‘ three days' fever/ a term by which pappataci fever is also 
known. 

The word ‘ dengue ’ is said ])y Vambery to be of Arabic origin, and to mean 
weakness, but it might equally be of East African, Indian, or Spanish origin. 

Definition.' -Dengue is a term covering one or more acute specific 
non-contagious f covers of unknown origin, but caused by a virus 
contained in the blood. It is characterized by two febrile paroxysms, 
separated by an intermission or remission, without jaundice, albu- 
minuria, or luemorrhages, and with a markc^d leiicopenia, and a pulse 
which varies directly with the temperature. It is spread by the 
agency of Stegomyia calopus Meigen, i8i8, and probably by Culex 
Jaiigans Wiedemann, 1828. 

History. — It appears to have been first recognized at Batavia, in 
Java, in the year 1779, Bylon, though it may have been noted 
by Pazzio previous to this in 1764-68 in an epidemic in vScville. 
It was soon discovered in other places, being found from 1779 to 
1780 in Egy])t, Arabia, Persia, and North America, and in 1784 in 
vS|)ain, to which it appears to have come from the West Indies, and 
in 1818 in Peru. In 1824-28 it occurred all over the tropical eind 
subtropical zones, and in 1830-70 it formed a series of large and 
small epidi^mics in the same regions. From 1871-73 there was 
an epidemic implicating East Africa, Egypt, Arabia, India, Burma, 
Indo-China, and China, and spreading later to America and North 
and West Africa- i.e., practically to all the tropical regions. In 
1876-88 it was epidemic in Hong Kong, Egypt, Syria, and the 
Mediterranean, and in the Fiji Islands in 18%, to which it was 
conveyed by a European suffering from the complaint. In 1889 
it was especially prevalent in Asia Minor, Turkey, and Greece. 
From 1890 to 1895 there were outbreaks in Senegambia and Hong 
Kong, and in 1894 it was introduced into North Queensland. From 
1895-96 there were epidemics in Bombay and in Charleston. In 
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1897-98 it was epidemic in Georgia, Florida, and Texas. In 1901 
it occurred in Penang and Asia Minor; in 1902 in Hong Kong, 
Singapore, Madras, Rangoon, and Upper Burma. In 1906 it ' 
occurred in Saigong on a French warship, and recently it has been 
prevalent in Singapore, West Australia, and Ceylon. Manson says 
that an epidemic or pandemic takes place about once in twenty years. 

The discovery of the disease, therefore, appears to have been 
first made by Pazzio and Bylon, and the first full clinical description 
given by Dickson in 1828. 

The first attempt to find a causation for the disease was by 
McLaughlin in 1886, who found micrococci in the blood, but this 
was disproved bv Klein, Wriglit, Crooksliank, and Macfadyen. In 
1903 (iraham stated that he iiad observed small Jiyaline, unstainable 
rods or dots in the red blood-corpuscles, which lie considered to be 
protozoal parasites of the nature of Plasmodia. Tin's discovery 
has been refuted by Carpenter and Sutton, Giiiteras, Agramontc, 
Kiewiet de Jonge and Hahn, Still and Ashburn, and Craig. Graham 
fed Cnlex fatigans Wiedemann on i)atients suff 'ring from dengue, 
and claimed to have found liis parasites in tliese mosquitoes up to 
the fifth day after feeding. He did not find any ookinetes or 
oocysts, but he says he found spores in the cells of the salivary 
glands of the mosquitoes from forty-eight hours to one month 
after they had fed on infected blood. Further, he states that he 
caused a typical attack of dengue by injecting subcutaneously a 
solution, in normal saline, of the salivary glands of a mosquito 
which had bittiai a dengue fever patient twenty-four hours pre- 
viously. He only performed one experiment, becaus(‘ the illness 
caused was very severe, but he succeeded, after an incubation of 
four to six days, in infecting healtliy people by the lutes of mos- 
quitoes [Ciilcx fatigans) fed on dengue fever patiiaits. 

Though Ashburn and Craig (in 1907) have not siqaported Graham 
by finding the parasite, they have supported him by proving that 
a typical attack of dengue can be produced by the intravenous 
inoculation of filtered and unfiltered blood from an infected patient, 
and that the disease can be, and usually is, transmitted by the bite 
of Culex fatigans Wiedemann. 

In 1912 and 1913 Laloir drew attention to Stegomyia calopus as 
the carrier of dengue. Cleland, Bradley, and McDonald demon- 
strated that the virus of dengue fever was carried by Stegomyia 
oalopus, in which it underwent development Archibald found that 
the same insect was the only possible carrier in certain parts of 
the Sudan. These observations support Legendre’s earlier views 
with reference to Hanoi. The leucocytic formula has been carefully 
studied by Ashburn and Craig and by Archibald. 

Climatology. — The history of the disease indicates roughly its 
geography, which lies mostly in the tropics, but can extend to 
the subtropcal zones. Cases have been reported from Southern 
Europe. Its usual boundaries are 32° 47' N. and 23° 23' S., but 
during warm weather it may spread to 36° 10' N., and even to 
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42® N. and 28° S. in exceptional cases. It is, therefore, a disease 
; of tropical climates, and of warm weather in other climates. It 
appears to be favoured by low-lying lands near the sea, well 
supplied with water, and not to be found at high altitudes ; but 
there are exceptions to this. It occurs in Australia, where it has 
appeared since 1885, is common in the Anglo-Egyptian Sudan 
and along the Red Sea. 

When the distribution of dengue is compared with that known 
for Culex fatigans, it will be seen that the two coincide most re- 
markably. In fact, at the present time it appears as though the geo- 
graphical distribution depends upon the distribution of that insect, 
together with the importation or presence of infected persons. 

Etiology. — We are indebted to Graham and Ashburn and Craig, 
and to Cleland, Bradley, and McDonald, for our knowledge of the 
aetiology of this disease. 

There appears to be no doubt that dengue fever is caused by some 
unknown living organism which requires over twO days to increase 
so as to produce the symptoms of the disease when inoculated into 
human beings, and generally five to nine and a half days when 
produced by bites of an infected stegomyia. 

Both Graham and Ardate have observed small bodies in the red blood- 
corpuscles, which are described as small, usually round, but sometimes 
elongated, bodies about one-fifth to one-third of the size of a red corpuscle. 
They divide up into minute granules, which become extra-corpuscular. 

This organism exists in the blood, as can be shown by the intra- 
venous injection of 20 c.c. of dengue fever blood producing typical 
attacks of the disease, the incubation usually being two to three 
days; but it is so small that it will pass through the pores of a filter 
which will retain Micrococcus melitensis, which is only 0*4 //- in 
diameter, as is demonstrated by the production of the disease by 
intravenous injections of filtered dengue fever blood, the incubation 
being two or three days, as before. It may also be present in the 
lymphatic glands, the gland juice being at times infective, as proved 
by experiments. 

Blood is infective from two to eight days, but not after the four- 
teenth day, and the virus is said to be transmitted by the bites of 
Culex fatigans ,y^\\\c\\ is thought to bean agent in the spread of the 
disease, but Cleland, Bradley, and McDonald's experiments have 
thrown considerable doubt on this. There may, however, be two 
distinct diseases, one caused by a stegomyia and one by a culex, 
the incubation period being about three days sixteen hours. It can 
also be transmitted by the bites of Stegomyia calopus, when, further, 
there is a natural immunity against the disease in some people, and 
also some degree of acquired immunity of unknown duration obtained 
by an attack. 

The points in the aetiology which require further research are the 
nature of the organism and its chemical products; the changes, if 
any, which the parasite undergoes in the mosquito; the length of 
time during which the mosquito can carry the infection; whether any 
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mosquito other than Culex fatigans and Stegomyia calopiis can spread 
the disease ; and how long the acquired immunity lasts in man. 
In conclusion, it may be said that there is no evidence of infection 
other than by the bite of mosquitoes, and there is no evidence that 
a monkey can be infected by inoculation. 

Pathology, — There is but little that can be written on this subject, 
as the cause of the disease is unknown, and therefore, of course, its 
action cannot be explained. 

Morbid Anatomy, — ^This appears restricted to the description of the 
complication which killed the person — ^viz., peritonitis or pleuritis. 

Symptomatology, — ^The incubation period, judging from experi- 
mental infection by mosquito-bites, varies from three to six days 
in the case of cuiex, and five to nine and a half days in the case of 
stegomyia. Prodromata are usually absent, but general malaise 
may be felt during a period not exceeding three days before tlie onset. 

Tile attack is usually sudden, and introduced by severe pain in 
some part of the body, or merely by the sensation of extreme 
fatigue, or by chilliness and shivering, or by d ep flushing of the 
face. In children convulsions or delirium may usher in the illness. 
In any case the temperature rapidly rises, the pulse quickens, and 
the skin and mucosje become markedly congested, especially about 
the face, mouth, and throat. The conjunctivas are injected, the 
eyes watery, and sometimes vomiting and purging are also present. 
The disease now progresses for one, two, or three days, after which 
there is, as a rule, a remission or an intermission. 

Course . — ^During this period the temperature rises to 103° to 
106° F., and the pulse increases proportionately with the tempera- 
ture to c)0 to 120 per minute. Severe pains in the head, and 
especially in the eyeballs, are experienced, and, in addition, pains in 
different parts of the body, especially in the lumbar region and the 
legs. Often the joints are painful, usually without any sign of redness 
or swelling. This pain in the joints appears really to be due to the 
muscles in the neighbourhood, as the joint can often be passively 
moved without pain, while active movement induces almost agony. 
There are, however, rare cases in which the joints are affected, as 
is shown by redness and swelling. As regards the alimentary canal, 
the tongue is moist, but becomes covered with a white-creamy fur. 
There is no appetite, nausea and vomiting are not uncommon, and 
constipation or diarrhoea may be present. Enlargement of the 
cervical and axillary glands is present to the extent of 30 per cent, 
to 70 per cent, of the cases of some epidemics. The glands remain 
enlarged for some time, and may be tender on pressure. The juice 
of these glands has reproduced the disease in two out of three cases. 
The circulatory system is not affected, except that fainting occurs 
at times, while a sensation of praecordial discomfort or of sufiocation 
may be complained of. Insomnia and delirium are not infrequent, 
but meningitis and neuritis must be uncommon if they occur at all, 
though hyperaesthesia of the skin may be observed. The skin shows 
the congestion already mentioned, which is not always present. 
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being at times replaced by the opposite extreme of pallor. Jaundice, 
if it occurs, is rare. Haemorrhages are rare, and will be mentioned 
as a complication. The changes in the blood liave been carefully 
worked out by Ashburn and Craig. The erytlirocytes are usually 
normal in appearance and number, but a few poikilocytes may be 
seen, while the h;emoglobin and colour-index are also normal. 

Leucopenia is so constant 
as to be of diagnostic im- 
portance, varying from 
4,860 to 1,200, the aver- 
age being 3.800 per cubic 
millimetre. The leuco- 
cytes arc normal in 
appearance, but there is 
an increase of tlic large 
mononuclears and eosin- 
opliiles, and a decrease 
Fig. 630. — Typical TiiMPKRAxuRE Chart in the polymoiphonuclcar 

OF Dengue Fever. leucocytes. Tlic urine 

appears to be usually 
quite normal, except that it is high-coloured, but may contain 
a minute trace of albumen, and in severe cases Quit eras says the 
diazo-reaction can be obtained. 

Inlonnission . — On the third day the temperature usually falls, 
but rarely reaches to normal. This fall may be accompanied by the 
usual signs of a crisis — namely, profuse pers])iration, the passage of 
much urine, violent diarrha'a, and 
bleeding from the nose — but in many 
cases these signs may be absent . The 
])atient now feels better, except for 
slight pains, and a genuine intermis- 
sion in the disease is estal)lished. In 
other cases, however, this inter- 
mission may be entirely wanting, 
and the temperature may only remit, 
remaining at 100° to 102° F. 

Second Attack . — ^The intermission 




or — generally — remission lasts until 
the hfth day of the illness, when the 


Fig. 631. — The Atypical Tem- 
perature Chart of Dengue 


temperature rises to some point Fever. 
usually b('low 103° F., and at the 

same time a ra.sh appears on the palms and backs of the liands. 


and rapidly spreads to the arms, the trunk, and the legs. This 
rash may be of two types — a measly eruption of small, circular, 
dark red inaculo-papules, which almost entirely disappear on 


pressure, or a scarlatiniform eruption of close-set bright red points, 
which may coalesce and form large red patches. Eruptions inter- 


mediate in appearance between these two types may, however, be 


present, and occasionally only an abortive or no eruption at all occurs. 
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This rise of temperature may last from a few hours to a day, and 
generally declines by crisis, with or without perspiration, on the 
sixth day. The skin eruption usually lasts from two to eight days, 
after which occasionally there is a desquamation, which may 
continue for two to three weeks. 

The typical disease shows a first attack, a remission or inter- 
mission, and a second attack, though the two attacks may become 
merged together. The typical rash may be absent, and sometimes 
the disease is so mild that it ends on tlie third day with the first 
crisis. 

Convalescence may be quick and permanent, but, on the other 
hand, it may be protracted and complicated with sequelaj. Im- 
munity is said to be complete twenty-four days after recovery 
from a typical attack. 

Varieties. — It is now generally agreed that seven days' fever is 
merely a variety of dengue fever, and therefore for comparison we 
attach a description of it to this chapter. 

Megaw distinguishes the following varieties: — 

1. The Evanescent Type, with only a short slight attack of fever, 
and corresponds with one variety of the old fehrictUa, and cannot 
be recognized except during an epidemic of dengue fever. 

2. The Inicrrupted Fever Type, — ^Ihiis is the three days’ fever, 
followed after one or two days of apyrexia witli another attack, and 
is typical dengue fever. True intermission is, however, rare, a fever 
of the saddle-back type being much commoner. 

3. The Saddle-Back Type.— This is the so-called seven days’ fever. 

4. The Continued Fever Type. — ^This is rare, and is characterized 
by a lack of the usual remission or intermission of the fever. 

Complications. — -The rarity of the symptoms of hajmorrhage may 
perhaps justify its mention as a comidication. It lakes place from 
the mucosas, as already mentioned, of the nose, stomach, intestines, 
and uterus. Hyperpyrexia may occur as a complication, but is 
rare, and pleurisy, pericarditis, orchitis, endocarditis, and menin- 
gitis sometimes complicate the disease and alter its characteristics. 
We have seen enteric develop in three typical cases of dengue, and 
appendicitis in two cases. 

Sequelae. — ^The most important sequelae are the pains in the joints 
and muscles, which worry patients considerably. This polyarthritis 
affects joints of all kinds, both small and large, and is associated 
with swellings, so that the condition is like rheumatism, but sali- 
cylates are useless. The severe type is rare, but is very distressing, 
and may last six to eight wecTs or longer. It is not uncommon in a 
milder form, with pain in various joints and slight swelling, and in 
this condition may last for months. 

Relapses are said to take place, but Ashburn and Craig doubt 
whether any occur a short time after an attack, as the persons who 
were supposed to relapse, in their experience, really suffered from 
malarial fever; for, as a matter of fact, there is an acquired immunity 
for some little time after an attack which prevents such relapses. 

79 
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Reinfections 


.Il f nii: imcoinmon, and each attack nuiy be 
WirniVi] bciuc associated witli the rasli. 

e.vtrwiieJy 

UlB^nubi:>. ^ n^/ijiss/o/j or intermission in the course 

wjti ijii^ or foiirdi (lay, t Jic rash ye/icraJiy appeuriu^ 

of the foVCl on tUi ^ hl'nlu//) hpr7jrc/.'nr,^,, 


on 


the lever on u diseases iiu^s^ ii'A'cVr to be mistaken 

... ,J,e third to the “f tlhcntttt, scorW fcvor, otcttrl, .. 

imltpo*: lonilht’ts, lylthos, and Fiwtac, fa or. 

Si Wi recognized by Jtsslower pulse, jaundice, albumen w 

by the absence, as a rule, of any criij)l ions and the presence of c<it.ir 
riiaJ symptoms; scarlet fever by the presence of the soic tliiodt wnn 
enlarged cervical glands; measles by tlie catarrhal symptoms and 
the absence of the severe ])ains; rheumatic fever by the swelling 
of the joints; smallpox may be with difficulty recognized until the 
eruption comes out ; and to?isil!itis may be recognized by examining 
the throat, fii the tropics, where enteric is frequently atypical and 
often begins suddenly, there may be difficulty during the first few 
days in distinguishing the two diseases. 'I'lie very severe pains 
are, however, rarci in enteric, and tlie course of the fever will clear 
the diagnosis. From typhus it may be diagiiosi'd by the Icucopi'nia. 
From pappataci fever it may be distinguisli(il by the jiresence of the 
rasli and the frequent rise of llie temperature ou llu' fourlli to fifth 
day. 

Prognosis. — ^'.fliis is quite good, as tlie mortality is usually nil, Iml 
in Australia it caused i death in 1,000 cases, principally in those 
under fivei and over sixty years of age. 

Treatment. — No rational treatment ca.ii be given, as we. do not 
know what tlie nalnrc of the cause will prove to be. Symptoms 
must, however, be relieved. Tlie fever and lieadache may Ix^ com- 
bated with cool sponging and cool applications; tlu'. pains by 
hypodermic injections of morphia or doses of Dover’s powder; this 
will also relieve tlie nervous symptoms, wliich otherwise will require 
bromides. Ant ipyriii, ])hcnacetin, arid aspirin, may be admiiiisl cred 
with care, and tlie bowels should be opened by calomel. The diet 
must be low, and stimulants slionld not be given. 

Prophylaxis.^ — Protection against mosquitoes, as desci ibed under 
Malaria, excluding, of course, quinine prophylaxis, is the correct 
method of preventing the disease. 


SEVEN DAYS’ FEVER. 

Remarks. — In our opinion the seven days' lever is dengue or a variety of 
it. We have come to tliis conclusion alter having had the opportunity of 
studying epidemics ol dengue and of the so-called .seven days’ fever in various 
countries. 

History . — This disease was described by Rogers in 1905-08 as a sporadic 
fever of Indian seaport towns. It is probably identical with Crombie’s simple 
continued fever, and, according to many observers, including ourselves, is a 
form of dengue. 
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01ImatoIogy«~^So far, in India and Ceylon it has been found in towns in 
low-lying districts near the sea, and is believed not to spread inland. In 
Calcutta it occurs from May to September, and is very common in Colombo 
during the same months. 

etiology.— Rogers found a motile bacillus related to the coli bacillus in the 
blood, which he tliinks may possibly be the cause of the disease. It resembler 
the Bacillus coli communis in size and shape, and possesses flagella; is de- 
colourized by Gram; produces a diffuse haziness in broth; slowly liquefies 
gelatine; grows on agar like B. coli ; docs not produce gas in glucose agar; nor 
gas, nor acid, in dextrose, laevulose, and maltose broths; nor does it ferment 
arabinose, galactose, saccharose, lactose, inulin, salicin, erythrite, mannite, 
or dulcite. It is agglutinated in i in 20 and i in 40 dilutions of the serum 
of seven days' fever patients. These observations have not been confirmed. 
Clayton suggests that the 
disease is carried by mosqui- 
toes. The fever is commonly 
found among Europeans, and 
especially among people having 
to do with shipping, and also 
in new-comers. 

Pathology. — The morbid 
anatomy is unknown, as the 
mortality is nil. 

Symptomatology. — The in- 
cubation period is iin known, 
and no prodi-omal symptoms 
have been recorded. The in- 
vasion is sudden, with a rapid 
rise of temperature to 102° or 
105° F., but the pulse is not as 
quick as it should be, compared 
with the temperature. 

The face is flushed and the 
palpebral conjunctivas injected, 
and some rose-coloured spots 
may appear on the skin. Pain 
is felt in the back and, less 
commonly, in the limbs. After 
the initial rise there is usually 
a gradual marked remission 
of the temperature for two to 
three days, when the fever 
again rises, producing the 
typical saddle-back remission. 

After the second rise the tem- 
perature gradually or quickly falls to normal, and the disease ends about 
the seventh to eighth day. There is generally frontal headache, and the 
tongue is furred on the dorsum, while the edges are red. Nausea and vomiting 
are not common ; the bowels are usually normal, though constipation or 
diarrhoea may occur. The abdomen is often distended, and may be painful. 
The liver is usually normal, but may in a few cases be slightly enlarged, and 
the spleen is at times enlarged. The respiratory and circulatory organs are 
normal, except that the pulse is often slow as compared with the temperature. 

The blood shows a slight reduction of the erythrocytes and a marked leuco- 
penia — 2,000 to 4,000 per c.c. The polymorphonuclear leucocytes are re- 
duced, and the lymphocytes and mononuclears are increased. Nothing 
abnormal is found in the urine, except the usual appearance ol febrile 
urine. 

Rashes are frequent. The most common is a mottling or a dilfuse erythenia 
of the extensor surfaces of the forearms on the fourth to sixtli day, which 
may fade before the temperature falls. 
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There are no complications or sequelae, and the prognosis is excellent, as 
the mortality is nil. Mild recurrences in following years may be met \Mth, 
but relapses in the same year, though rare, do occur, as we have met with such 
a case. Convalescence is rapid. 



Fig. 633.- -Thmperaturb Chart of a Case of vSkvkn Days’ Fever. 


Diagnosis. — H ran be distinguished Irom malaria by tlie absence of para- 
sites, and the slow pulse with high fever; from influenza l)y the absenc(i of 
respiratory symptoms. 

Treatment.' —'I'his is purely symptomatic. 

DENGUE-LIKE FEVERS. 

Synonym. — Climatic fevers. 

Under this heading come the fever of the Antilles, tlie fever of the Red Sea. 
the six days’ fever of Asia, the fever of Massowah, the six to eight days’ fever 
of Aden described by Smitli and Loughman, the six days’ fever of the Canal 
zone in Panama dc\scribed by Deeks, and the pseudo-dengue fever of Cochin 
China, which are all ckxscly allied to dengue fever, lasting about seven days, and 
being associated witli pains in different parts of the body, and having, in brief, 
the symptoms described above for seven days’ fever or for dengue fever. 

VAN DER SCHEER’S FEVER. 

Synonym. — Five days’ fever. 

Deflnition. — N fever usually lasting for five days, and associated with an 
eruption of red macules and papules about the size of a i)in’s head, occurring 
on the trunk. It may be a form of dengue. 

Remarks. — This fever, first described by van der Scheer, has also been 
investigated by Neeb, but its nature is at present not understood. 

Symptomatology. — The illness begins suddenly with severe headache and 
backache, the temperature rising to 104° to 105° F. in the evening, but re- 
mitting considerably in the morning. Sometimes there is bilious vomiting 
and delirium. On the third day the eruption appears as macules or papules 
about the size of a pin's head on the chest, which spread to the back and 
abdomen. After five days’ remittent fever the crisis comes on tlie sixth or 
seventh day, when the temperature rapidly falls below normal. This fall is 
accomparded by moderate sweating. In more severe cases the crisis is absent, 
and, cardiac failure setting in, the patient dies cyanosed. 
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Some days after the crisis there is a furfuraceous desquamation associated 
with pruritus on the palms of the hands and soles of the feet, and at the same 
time there is a considerable loss of hair and a bitter taste in the mouth. 

Diagnosis. — It can be distinguished from malaria, relapsing fever, etc., by 
the absence of parasites in the blood, and from measles by the absence of the 
catarrhal symptoms, from scarlet fever by the absence of a sore throat, and 
from typical dengue fever by the temperature tracing. 

Treatment. — The treatment is purely symptomatic, but ic is recommended 
that injections of caffeine be administered on the sixth day to prevent a 
possible attack of cardiac failure. 

IM-PYENG. 

According to Landis and Matignon, there exi.sts in Corea a fever called 
by the inhabitants Im-Pyeng. It is most frequently met with in the country 
districts from February or March to July, when it is most common among 
the poor, but affects all classes of society. It would a|)pear to us to be allied 
to dengue fever. 

etiology. — The causation is unknown, but it is regarded as contagious by 
the inhabitants of Corea. Matignon considered that it resembled relapsing 
fever, but was unable to find a S-piroschaudinnia in the blood. 

Symptomatology. — The disease begins with headache, backache, or vague 
pains, which may become violent, wlule the temperature may rise to over 
104° F. in the evening, but remits considerably in th^ morning, rising again 
in the evening to about 102° F., and again remitting considerably in the morn- 
ing, and this feven may be accompanied with delirium. The fever continues 
for some seven to ten days, but usually after the sixth or seventh day the 
fever declines, and reaches normal in twenty-four to thirty-si.x hours, this 
decline being associated with a ])rofus() perspiration. 

Sequelae. —The patient is left with both general cind cardiac weakness after 
an attack. 

Treatment. — C^)uinine sulphate in association with antipyrin is the treatment 
usually adopted. 
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Synonyms, — -Throe days' fcv(-r, Phlebotoimis fever, Sandfly fever, Summer 
fever. French : Fievre dcs irois jours, Fievre de Pick, Fievre cle Pym. 
Italian : i/ol>biv; g.i.stricii., Fobbre estiva, Febbre climatica, Influenza estiva, 
influenza mai<'i.rica. Ma\ delhi sccca, Febbre dei tre giorni. German Hiinds- 
Kranklieit, Soniin(’iii('b(‘r, Fndemischer Magenkatarrh. Latin : Fcbricula pro 
jmvtc, Gcislro-cnleritis endeiiiica, Gastro-eiitcritis climatica. 

Definition. — An acute specific fever of unknown causation, lasting 
tlirec (la.ys, and clinracterized by nervous symptoms, pains in various 
parts of the l)ody, and gastro-intestinal disturbmice, and spread by 
the agency (APJdohotomits papalasii Sco])oli, 1786. 

History,- In 1804 l^yrn (U^scribed a fever of three days’ duration 
as occurring in tli(^ Mediterranean basin, and this was confirmed 
])y Ihirnett in t8i(). b'roin that time constant references may be 
found to this coiiijdaint in tlie English Army reports concerning 
Malta, wlu're it was sonndimes called ' summer fever.’ In 1855-56 
tluTc was a considc'rablc* number of cases in that island, due to the 
])assage of tlu' trooj)s cn route to the Crimea. The fever was also 
described by Cicoli in 1874-75 in Pola, by Ihck in 1887, by Karlinski 
in i8S(), hy Taussig, who was tin* first to suspect 7 ^. papaiasii, in 
i()()5. and ill the sanu' year liy l^incc. In 10303 McCarrison was 
the first observer to differentiate the disease, which he did in 
Chitral, wlnai 1 h‘ sus])o'cted tlie sandfly as the causal agent. In 
i()()7 it was noticed that altliough undulant fever had almost dis- 
appeared Iroiii Malta tliere were no less than 340 admissions for 
‘ simple continued fever ’ into the Army hospitals, and in this year 
Gerrard and Marratt drew attention to this fever. In 1909 Doerr, 
Franz, and Taussig published their classical account of the aetiology 
and symptomatology of the disease, thus placing it upon a sound 
basis, and in the succeeding year Birt confirmed and extended these 
discoveries, and in the same year Tiraboschi found it in South 
America, and Phillips in Cairo. In 1911-12 Miorcce and Laplanchi 
found it in Crete, Niclot in Oran, Sergent in Biskra, Leger and 
Sequinaud in Corsica, and Wall described it again in Chitral. In 
1915 Castellani found it in Serbia and Macedonia and showed that 
the so-called Skoplji or Uskub fever is pappataci fever. It occurs 
in Khartum. 
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Climatology. — It is found in all the countries bordering on the 
Mediterranean and Adriatic Seas, and it is known in India, Egypt, 
South America, and in South Africa (Cairs). It is possible that it 
may be found to be cosmopolitan in its distribution. 

In temperate climates it only occurs in the summer months, and, 
when studied epidemiologically, it is found to be correlated with the 
distribution oi Phleholomus papaiasii. How the infection is main- 
tained during the winter months is not understood, as the imagines 
do not live through the winter, and as a relapse after a long peihod is 
unknown. Doerr believes that the female flies transmit the infec- 
tion to tlieir progeny, wliich in turn restart tlie disease during the 
succeeding summer, it is, however, by no means certain that the 
infective agent disappears from the blood when it ceases to be infec- 
tive on inociilai ion. 




Figs. 634 and 635. — Tkmperature Charts of PArPATAci Fever. 

.ffitiology.— Tli(‘ causation ol tlie fever is cpiite unknown, but the 
researches of Doerr, fully confirmed by Birt and otliers, liave proved 
that a virus ('xis1 s in tlie blood of patients suffering from tlie disease; 
that this virus is infective during the first day, and up to the end of 
the second day of the fever, but not later; that it is filterable through 
a Pasleur-Chainberland candle F; that Phleholomus papaiasii 
Scopoli, 1786, is the carrier of the disease, but docs not become 
infective at once after feeding, but, on the contrary, is not infective 
under a week, after wliicli it can convey the infection. This proves 
that the organism undergoes development in the fly. How long the 
fly remains infective is not known with certainty, as it usually dies 
after ten days’ captivity, but it is probable that the disease is trans- 
missible to young broods of flies. The incubation period of the 
experimental cases varied from three days sixteen hours to seven 
days, and a few of these cases slmwed only the gastro-intestinal 
symptoms, without any sign of fever. Animals have so far not 
been infected with fever except one small monkey by Tedeschi and 
Napolitani. Chalmers and O'Farrell have also infected a monkey by 
intravenous inoculation of human infected blood. It may be noted 
that phlebotomus can bite in the daytime and not merely at night. 

Pathology. — ^.\ntibodics appear to be generated during an attack, 
as Doerr has shown that the serum from convalescents may neutral- 
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ize infective serum; moreover, this action may be demonstrated 
during a period varying from one week to two years after an attack. 
An attack of fever confers a relative iinmunity, as relapses are seen, 
but reinfections are believed never to occur, and the natives of an 
endemic region are believed to be immune, possibly because there 
has been a previous attack during childhood. 

Morbid Anatomy. — In the few post-mortems which have been 
performed, the signs exhibited have been those of the complica- 
tion from which the patient died, as the disease ;per se is not 
fatal. 


Symptomatology — Incubation . — The incubation varies from three 
to seven days. Prodromal symptoms in the form of malaise, vague 
pains, discomfort, and weariness, are generally present in India, 
but rare in Europe and Africa. 

Attack . — ^'Fhe onset is sudden, with a slight rigor or a feeling of 
chilliness and severe frontal headache, lumbar and body pains. 
The conjunctive^ are injected and the cheeks slightly flushed. In a 
fairly large number of cases the flushing of the face and neck is 
extremely well marked, almost amounting to an erythematous rash. 
A peculiar feature of this symptom has been described by Castellani 
— viz., the flushing is persistent, lasting eight to fifteen days after 
the fever is over, and fades away so slowly that in many cases it is 
not difficult to diagnose the disease in persons convalescent there- 
from. The skin is hot and dry, and the temperature rapidly rises, 
reaching 104'' F., or rarely 105*^ F., in twenly-four hours. The pulse 
may reach 100 to 116, but is often unduly slow. Tlie patient is 
very irritable, and intolerant to sounds. Movements of the eyes are 
painful, the conjunctiva' are injected, and often show a red band 
running from the cornea across the sclera. Sleep is impossible at 
times, but at other times the patient may be very drowsy. The 
tongue is coated on the dorsum with a white or brown fur, and the 
edges may be red. The appetite is lost and the sense of taste 
destroyed, but vomiting is uncommon, though there is pain in the 
epigastrium and sometimes diarrha*a. Thi' mouth and throat are 
congested and irritable, and the gums may show a tendency to 
bleed, and there may be a little bronchitis. The cough is generally 
dry, with thick, tenacious, muco-purulent expectoration. The 
tonsils may be enlarged and the uvula congested, but this is not 
constant. Not only is there the congestion of the tonsils and 
pharynx, but the mucosa of the soft palate presents a peculiar 
appearance, showing small hypersemic roundish spots. The erup- 
tion is sharply limited by a line of demarcation between the soft 
and hard palates. This appearance is not peculiar to the disease, 
being found in certain cases of relapsing fever, typhus, and malaria. 
It is fare in typhoid. The liver and spleen are normal. Vertigo 
and faintness may be present, and pains in the joints, especially in 
the elbow and knee, as well as in the bones and muscles, and burning 
sensations in the palms and soles. Cramps are not uncommon. Ex- 
citation is frequent, and delirium occasionally seen. 
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The blood shows a leucopenia — 4,000 to 5,000 leucocytes per 
cubic millimetre — and the differential count is as follows: — 

Polymorphonuclears . . . . . . . . . . 61*7 

Lymphocytes . . . . . . . . . . . , 21*3 

Mononuclears . . . . . . . . . . . . 14*0 

Eosinophiles . . . . . . . . . . . . 2*7 

The blood-pressure is normal during the attack, but somewhat 
diminished during convalescence. 

The urine is diminished in quantity, but isof normalcolour, specific 
gravity, and acid reaction, and does not contain albumen, except 
rarely, and then only a trace. Ehrlich's diazo-reaction is negative. 

The skin is usually dry throughout, but profuse sweating may 
occur, and erythemata of a morbilliform or a multiform character 
may be seen, as well as a fen" roseolas, but are very rare. skin 
change, which starts at the commencement, is a delicate subcuticular 
mottling of the chest and abdomen, ‘ Cutis inarmorata.’ 

Course. — In thirty-six to forty-eight hours the temperature falls 
to normal, but may show a terminal rise. This fall is often accom- 
panied with epistaxis, more rarely with sweating, vomiting, or 
diarrheea. When the temperature falls the symptoms abate, but 
much weakness is felt, the convalescence being prolonged. A post- 
critical rise is not very rare, and (c.casionally thc're may be a low 
irregular fever lasting for about a week and even longer. 
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Figs. 636 AND 637. — Temperature Charts of Pappataci Fever. 


Diagnosis. — In a country where sand-flies exist the disease may be 
diagnosed by (i) the sudden onset of the fever, ending on the third 
day without any roseolar-like rash; (2) rheumatoid pains all over 
the body, very well marked; (3) no enlargement of the spleen; 
(4) persistent erythematous flushing of face and neck after defer- 
vescence Tn 46-5^' per cent.- of curses— s6-cffled Ca tellani's sign. 
There is, however, no certain sign for diagnosis except liumafi indcti- 
lation, and as the incubation is so long the fever will have declared 
its character before the inoculated person develops the attack. 
Cuti- and ophthalmo-reactions have failed to be demonstrated. 
The differential diagnosis from malaria can be established by failing 
to find the parasite in the blood, and by the absence of enlargement of 
the spleen; from typhoid fever by the sudden onset; from influenza 
by the absence or mildness of catarrhal symptoms, the relative 
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slowness of the pulse, and the leucopenia, but both diseases may 
exist together; from, sunstroke by the absence of the severe symp- 
toms, nervous symptoms, and the lower temperature, frorn dengue 
fever it can only be distinguished by the fever ending the third 
day, and by the absence of the rash. In countries where pappataci 
fever and typhus are endemic the diagnosis at the onset between 
these two fevers may be extremely difficult. Examine the blood: 
in pappabaci tliere is generally leucopenia; in typhus no leucopenia, 
frequently leiicocytosis. 

Varieties. — ^An afebrile variety, with only headache and body 
pains, is desci'ibcd, as well as an abortive form lasting two days. 
Relapses and true rc'infeetions may also occur. 

Complications. — ^'fhe complications are bronchitis and phlebitis. 
Sequelae.— Pains in the bones, neuritis, and a peculiar loss of 
memory may be sequehe. 

Prognosis. — This is good, as no one has been known to die of the 
uncomplicated complaint. 

Treatment.-— The treatment is purely symptomatic, and consists 
in sending the patient to bed, in administering a saline purga- 
tive, and following this by aspirin in 5 to 15 grain doses given three 
times a day. This treatment is said not merely to relieve the pains, 
l)ut to render the attack milder. Pyramidon also promptly relieves 
the pains, while it has been recommended that the phlebotomus bite 
should be painted with tincture of iodine. 

Franz and Kolar recommend the subcutaneous or intravenous injections 
of colloidal silver, but this hardly appears necessary in such a mild fever. 
Atoxyl has been found to be useless, and quinine to be hannfuk 

During convalescence a change of air and an iron tonic may be 
recommended. 

Prophylaxis. — ^'fhe only obvious means of prophylaxis consists in 
isolating the sick and protecting them against the phlebotomus by 
means of moscpiito curtains of a sufficiently fine mesh. It must b{^ 
remembered that the little fly bites mostly in darkness, and chiefly 
in houses. 

As regards ordinary prophylaxis, a fine mosquito curtain, together 
with the use of camphor, is to be tried. Fumigation by burning 
pyrethrum may also be tried. 
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CHAPTER XLV 

THE AFRICAN TRYPANOSOMIASES 


General remarks — ^Tlie sleeping sicknesses — •The trypanosome fevers — 

References. 

GENERAL REMARKS. 

The human African trypanosomiases include two different clinical 
conditions — Viz . — 

A. Tlie sleeping sicknesses characterized by tlie fact that we 
definitely know that the preliminary fever leads to meiiingo-en- 
cephalitis and meningo-mvelitis. 

B. The trypanosome fevers characterized by the fact that we do 
7iot know that in these cases the disease will end in meningo- 
encephalitis and meiiingo-myelitis. 

Before Castellani discovered a trypanosome in sleeping sickness, 
Ford and Dutton had demonstrated that * (himbia fever ' was due 
to a trypanosome. After this discovery this disease was named 
‘ trypanosome fever,’ and was considered to be quite distinct 
from sleeping sickness. After Castellani had found a trypanosome 
in sleeping sickness the two diseases, trypanosome fever and 
sleeping sickness, were at the time judged to be covered by the 
one name ' sleeping sickness.’ Recently, however, Lanfranchi’s 
laboratory infection with a trypanosome has lasted for more than 
seven years, and there is no sign of meningo- encephalitis, as may 
be judged inter alia by the excellent papers which the distin- 
guished professor produces. In fact, judging by the symptoms 
exhibited by Lanfranchi, which resemble those found in the trypano- 
somiases of animals, it seems very doubtful whether he will ever 
show signs of what we clinically call ‘ sleeping sickness.' Further, 
the organism with which he is affected appears to be of the Evansi 
type, a form known to be in his laboratory when infection took 
place. 

Under these circumstances, it appears to us to be useful to return 
to the old name trypanosome fever for infections of man and animals 
with those pathogenic trypanosomes which produce fever and 
do not end in meningo-myelitis. At present those known in man 
are the case of Professor Lanfranchi and the infection with a variety 
of the Vivax type described by Macfie, both of which, in our 
opinion, should remain under this denomination until it is proved 
that they belong to the sleeping sickness group. 

1259 
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THE SLEEPING SICKNESSES. 

Synonyms. — Sleeping dropsy, Negro lethargy, Morbus dormitivus. 
French : Maladie du Sommeil. Portuguese : Doen9a de Sonno. Italian : 
Malattia del Sonno, Letargia dei Negri. German : Afrikanische Schlaf- 
krankheit, Trypanosomen Fieber. Native names are very numerous — 
Lalangola, Liia La-negulo, N’tansi, Mongota, Konje Marree, Kaodzera, N'dulu, 
Tula Manugina, Nelavare, Dadane, Toruahebue, etc. 

Definition. — ^The sleeping sicknesses are chronic specific fevers 
caused by the trypanosomes Castellanella gamhiensis Dutton, 1902; 
Castellanella castellanii Kruse, 1903, spread by Glossina palpalis ; 
and Castellanella rhodcsiensis Stephens and Fantham, 1910, spread 
by Glossina morsitans, characterized by an inflammatory condition of 
the lympliatic system leading to a mcningo-encephalitis which shows 
itself as dulness of the intellect, apathy, and lethargy, associated 
with tremors and a peculiar gait, and unless treated ending fatally. 

Remarks. — ^This chapter should be read in conjunction with 
Chapter XIX. (p. 380), in which we have outlined a new classification 
of the trypanosomes with the view of crystallizing the knowledge 
obtained up to date with regard to these parasites. In so doing we 
have been compelled to introduce new terms, which we have made 
as few as possible by utilizing those found in the literature with 
which we are acquainted. Two of these new terms occur in this 
chapter, because we have gone more fully into the trypanosomes of 
man tlian into those of animals, because this is a work on tropical 
medicine and not upon trypanosomes, and because those of man 
are the forms wliich have been most satisfactorily studied. 

ChahiKTs has introduced the name Castellanella as the generic 
name for tlie group of trypanosomes which includes the organisms 
of sleeping sickness, because Castellanella castellanii (Kruse, 1903) — 
synonym, Trypanosoma castellanii Kruse, 1903^ — is the organism 
upon which practically all the work in connection with sleeping 
sickness was done prior to the discovery of C. rhodcsiensis , which is 
quite distinct from the other two forms. 

This is a point not generally recognized, nor is it realized that 
though C. castellanii and C. gamhiensis arc morphologically alike, 
they may b(‘ very different if studied carefully from a pathological 
and serological ]:>oint of view, as there is a suspicion that the well- 
known difference in type between the milder form of the disease as 
seen in portions of the West Coast of Africa and the severer as seen 
in Uganda may not be due to acquired partial immunity, but to a 
difference in the two organisms. 

In order to empliasize the necessity for further work with regard 
to C. gamhiensis, we Invvc isolated it from C. castellanii. 

We would also point out that in the few papers in which compari- 
sons have been made with regard to the pathological effects of 
C. castellanii as found in sleeping sickness and C. gamhiensis as 
found in trypanosome fever, they both refer to C. casiellanii 
obtained from cases in Ugeinda showing at the time signs of sleeping 
sickness or simply symptoms of trypanosome fever. 
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It appears to us that Castellanella gamhiensis as seen on the West 
Coast of Africa, and as originally described by Dutton and Todd, 
requires more study, and we are supported in this by Macfie's work 
with regard to C. nigeriensis, which we believe to be the same organ- 
ism, and by the observations of Yorke and Blacklock at Sierra Leone. 

To summarize, we believe that though C. gambiensis and C. 
castdlanii are morphologically similar, the clinical difference be- 
tween the milder form of the disease as seen on the West Coast of 
Africa and the terribly severe form found in Uganda is such as to 
demand the separation of these two forms until it is proved that they 
are really identical from a pathogenicity and serologicalpoint of view. 

History. — ^The earliest mention of sleeping sickness so far dis- 
covered is by John Atkins, in his little book entitled ' The Navy 
Surgeon,’ publishe '^1 in 1734, m the appendix to which he describes 
‘ the sleeping distemper,’ common among the negroes on the 
Guinea Coast among whom he had travelled in 1721. In 1803 
Winterbottom gave an interesting account of the disease as he met 
with it on the West Coast of Africa near Sierra Leone. His descrip- 
tion is quite understandable, and he draws attention to the presence 
of the enlarged glands of the neck, the association of wliicli with 
the disease was so well understood that slave-traders would not buy 
slaves who had enlarged glands. 

In 1808 Moreau dc Jonnes described tlie disease in negro slaves 
in the Antilles. In 1849 Clarke on the Gold Coast, Davis and Daniell 
on the Guinea Coast, and Ferreira, came across it at St. Thomas. 
During the next twenty years a number of observers described 
sleeping sickness, among whom it is important to note that Guerin 
met with it in 1869 in Martinique in negro slaves who had been 
imported from Africa. In 1876 Corre gave a good description of 
the disease as he knew it in Senegal. 

In 1891 the first case was brought to London, and was studied by 
Sir Stephen Mackenzie; and in 1900 two more cases were brought 
to London, this time under the care of Sir Patrick Manson. The 
morbid anatomy of these cases was carefully studied by Dr. Mott, 
who has done so much to clear up the pathology of this disorder. 

In 1901 Forde and Dutton found a trypanosome T. gambiense 
(C. gambiensis) Dutton, 1902, in the blood of a patient suffering from 
a peculiar type of fever on the Gambia (Gambia fever, Dutton’s 
disease) , which was never thought by them to be connected with sleep- 
ing sickness. In 1902-03 Castellani in Uganda found a trypanosome 
in thc cerebro-spinal fluid of persons suffering from sleeping sickness, 
and in 1903 reported that it was the cutiological basis of the disease. 
It was named Trypanosoma castellanii by Kruse in 1903, and on it 
most of the work with regard to sleeping sickness has been done prior 
to the discovery of Stephens and Fantham’s organism. Low and 
Castellani gave a clinical account of the disorder which is largely 
followed in this chapter, which, therefore, contains a clinical account 
of the illness produced by C. castellanii. Low and Castellani called 
attention to two constant symptoms which had not been remarked 
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by previous observers, the fever and the peculiar tremors; and 
Christy published many interesting epidemiological features con- 
cerning the disease. In 1903 Sir David Bruce and Nabarro showed 
that the trypanosome was spread by Glossina palpalis Robincau- 
Desvoidy, a conclusion already reached by Sambon and Brumpt 
on epidemiological grounds. From 1903-05 much clinical, experi- 
mental, and epidemiological work was done by Dutton, Todd, and 
Christy, the Commissions of the Royal Society and various Govern- 
ments, and by the members of the Liverpool School of Tropical 
Medicine. Kleine, in a series of important researches, has experi- 
mentally shown that C. castellanii undergoes a cycle of development 
in G. palpalis — a fact which has been fully confirmed and extended 
by Sir David and Lady Bruce, Hamerton and Mackie, and Miss 
Robertson, as well as Fraser and Duke. 

Koch, Laveran, Mesnil, Minchin, Blanchard, Greig, Gray, Tulloch, 
Kingliorn, Montgomery, Martin, Pittaluga, Leboeuf, and Roubaud, 
have all studied the disease and its epidemiology, and an Inter- 
national Conference was held in 1907 in London, and a Bureau for 
the study of the disease founded. This bureau for some time 
issued monthly bulletins, which are most valuable to the student of 
the disease; but recently it has become converted into the Bureau of 
Tropical Diseases. 

In 1910 Stepliens and Fantham created a new species of trypano- 
some [C.rhodesiensis Stephens and Fantham, 1910) for the parasites 
found in cases of sleeping sickness in tlic Luangeva Valley in 
Rhodesia, because, the trophonucleus of a certain percentage of 
short forms was situate either close to, or even on the allagellar 
side of, the kinetonucleiis. In 1912 Kingliorn and Yorke showed 
that this trypanosome was transmissible by G. morsiians West- 
wood, 1850; and in the same year these observers pointed out the 
importance of the meteorological conditions on the devclopiiunt 
of the trypanosome in the fly. Further work has been done by 
Sanderson, Murray, Shircore, and others. As regards the history of 
the treatment, arsenic was long ago considered beneficial lor the 
trypanosomiases of animals, Livingstone being the first to apply 
the drug to a horse for the purpose of treating nag ana. Since then 
it has been used for the same purpose by several persons, notably 
by Lingard (1893) for surra and by Bruce (1896) for nagana, 
while Laveran and Mesnil introduced sodium arseniate in 1902 for 
the same disease, E. J. Moore and Chichester advocated the use 
of hypodermic injections of arsenic, and Thomas and Breinl of 
the same of sodium arseniate. In the meanwhile Manson had 
treated several cases of sleeping sickness with arsenic (liquor 
arsenicalis) ; and Ehrlich and Shiga had treated various experi- 
mental trypanosomiases with colouring compounds belonging to 
the benzo-purpurin group, of which trypan-red is the best known. 
Laveran and Mesnil also did some valuable researches on the 
subject. Thomas, in 1905, first brought the drug ' atoxyl ' to the 
notice of the profession as a means of treatment of experimental 
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trypanosome affections; and Kopke, in 1906, tried it in human 
beings affected with sleeping sickness. 

The beneficial action of atoxyl in sleeping sickness was further con- 
firmed by Broden, van Campenhout, Manson, Koch, and many 
others. In 1907 Ehrlich and his pupils, Franke and Roehl, dis- 
covered the very important fact that trypanosomes may, after a 
time, become atoxyl-resistant. Ehrlich therefore suggested mixed 
or alternating treatment with various preparations, and the same 
suggestion, though based on different grounds, was made by Moore, 
Nierenstein, and Todd. Plimmer and Tliomas introduced tartar 
emetic, which lias been found to be very beneficial, especially if 
associated with the atoxyl treatment. 

Geography and Epidemiology. — ^'Ihe disease was first noticed on 
the West Coast of Africa at Sierra Teone, but was soon found to 
extend far southwards, and was also noted to be imported from this 
endemic area at times to the West Indies, wlicre, however, it soon 
died out, becoming neither epidemic nor endemic. This fact clearly 
proved that, though the disease may be introduced by man along 
channels of intercommunication into a strange country, some other 
factor is necessary before it can s])read from tile infected new-comer 
to the inhabitants. This factor we now know to be a tsetse-fly. 

In 1882 the disease had a geograjdiical distribution from Scuiegal 
to Loando, and also to the islands of the Gulf of Guinea. Gradu- 
ally, as civilization s])read, it became known that the disease was not 
confined to the coast, but extended far inland. Tims, in 1898 it 
was known to be at Jebba, on tlie Upper Niger, and at tluj Stanley 
P alls, on the Upper Congo. 1 11 the meanwhile Stanley liad travelled 
across Africa with a large number of Congok'se followers, and Iiad 
relieved Emin Pasha and his pc‘Ople at Wadelai, on the Victoria 
Nile. These followers of Emin Pasha, together with som(‘ of Stanley’s 
expedition, who had settled in the country about Kavali, to the 
west of the Albert Nyanza, were brought by Sir F. Lugard, for 
political reasons, to Busoga and Uganda. Christy and Hodges 
believe that the disease was carried from the Congo by Staidey’s 
men, and that they and Emin Pasha’s people brought the disease 
with them into Busoga and Uganda when they were moved from 
Kavali. But the fact is clear that when, in 1900, the Cooks first 
noticed the disease in Uganda, it was wides})read, and had been 
there for some time, and it seems probable that Busoga was infected 
in 1896. Certainly, in 1901, Mengo, the Sese Islands, and the 
western shores of the Victoria Nyanza, were infect ed, and the disc'ase 
spread in 1902 to the eastern shores a id to late Gei inan East Africa. 

In 1904-05 Dutton and Todd found that it had become widely 
disseminated throughout the Congo Free State, spreading by human 
agency along trade routes, and expressed the ojiinion that before 
long it would pass from the Congo into Eastern Rhodesia. vSince 
then sleeping sickness has been found in that country, though, 
the trypanosome found in Rhodesia being a different species, it is 
more probable that the disease has been endemic there, and not 
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recognized ior a long time. It appears also to be spreading north- 
wards from Uganda, for Greig, in 1904, found it at Wadelai, on the 
Victoria Nile, but not as high as Nimuli. It invaded the Lado 
earlier than 1908, and in 1909 the disease was recognized definitely 
in the Bahr-el-Ghazal Province of the Sudan. 


Therefore the distribution of the disease at the present time may 
be said to extend along the West Coast of Africa, from St. Louis, in 
Senegal, to Mossamedes, in Angola; from the coast to Timbuktu 
on the Niger; through the whole of the Congo into Uganda and 
Rhodesia ; from Uganda and Busoga southwards to late German East 
Africa; and northwards into the Bahr-el-Ghazal Province. The 


discovery of the tsctse-fly in Arabia makes it possible that the 
disease may some day still farther 
extend its area. 


There does not appear to be 
any seasonal influence. 

Etiology. — From tlie present 
state of our knowledge it would 



Fig. 638. — Trypanosoma in 



Cerebro-spinal Fluid. 
Preparation from the cercbro-spinal 
fluid of a case of sleeping sickness. 


Fig. 638A. -Lymphocytic Accumu- 
lation AROUND A VKSSKL IN THE 
Brain. 


appeal tliat from a clinical and aitiological point of view there are 
three types of sleeping sickness, which may be differentiated as 
follows; — 

I. The Equatorial type, caused by Casiellanella castcManii and 
spread by Glossina palpalis. 

II. 1 he Southern type, caused by Casiellanella rhodesmtsis 
and s])read by Glossina morsiians. 

III. The NoHh-Weslern type, caused by Casiellanella gambiensis 
(synonym, C. ntgenensis) and spread by some as yet 
not clearly differentiated tsetse-fly, which may or may 
not be Umsina palpalis. and which Dutton suggested 
might possibly be G. tachinoides. 

For description of the parasites, see p. 417. 

Duke s researches made it possible that there is a vertebrate 
reservoir for C. caslellanii in the antelope, because he found a 
trypanosome very like this organism in these animals, and because 
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some boys working on an uninhabited island in Lake Victoria 
became infected with sleeping sickness. We feel, however, that the 
proof is not quite absolute with regard to this point. 

Y orke and Blacklock with regard to C. gamhiensis find that man 
is the principal vertebrate reservoir, with a possible secondary 
reservoir in domestic cattle. 

With regard to C. rhodesiensis, as long as the view held that this 
was identical with C. hrucei there was no difficulty in believing that 
the vertebrate reservoir was in such animals as the hartebeest, 
water-hogs, and domestic dogs; but with the human, crossed 
immunity, and serological experiments detailed on page 426, it 
again becomes evident that these two trypanosomes are distinct, 
and therefore the question as to the existence of C. rJindesicnsis in 
game animals must again be considered as sub jiulicc. The con- 
fusion has arisen by trusting too implicitly to only morphological 
characters, and ignoring serological tests. 

In Chapters XIX., p. 388, and XXXV., p. 878, we have con- 
sidered the tsetse in relationship to its carriage ol these organisms, 
and in Chapter XXXIII., p. 837, we have deseribed these Hies. 
C. caslellanii is spread by the agency of Glossina palpalis and 
C. rhodosiensis by Glossina morsiians, but it is not provc>d by actual 
experiment wliat fly carries C. gambtensis. It is assumed that it is 
Glossina palpalis, but tlie sulqect obviously requires careful study. 

The tsetse flics obtain the trypanosomes by sucking infective 
human blood containing the organisms, whicli undergo development 
in the bodies of the flies. In due time {vide Chapter XIX.) the 
young trypanosomes in short form appear in the salivary glands 
of the tsetse-fly, and from these organs they pass into man wdien 
the fly next feeds upon him. 

The fly appears to be the definitive host of the trypanosome, 
but there is no evidence that the infection is passed on to the suc- 
ceeding generation. 

From a practical point of view the bite of the infected tsetse is 
the most important method of infection, but less important methods, 
such as sexual intercourse, are possible and must be remembered. 

With regard to predisposing causes', race, sex, and age have not 
been proved to have any influence, though the last two have been 
thought to be predisposing causes. 

Occupation, however, has a considerable influence, for pta^sons 
who live near the shores or work along the shores of lakes and 
streams, such as fisliermen, arc more liable than others to conlract 
the disease, because of the habits of ciic fly, while porters marching 
througli fly-zones are also liable to be attacked. 

Pathology. — ^^riie trypanosome either enters the lym])li-stream 
directly aft(;r the l>ite of the fly, and i» blocked in the lymphal ic 
glands, which it inflames, and through which it passes to the 
blood-stream and cerebro-spinal fluid, or, less probably, it enters 
the blood-stream first, and escapes by rupture of a capillary into a 
lymph-gland. But the polyadenitis is not the only change induced, 
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for the lymphatic tissncs oi ihe intestine 

glands) arc also intiamcd, and the heart and othei organs mfiitiated 
with lymphocytes. This stage is marked by fever, but sooner or 
later, as a result of this lymphatic disease, changes are inducea in 
the membranes and substances of the brain and spinal cbrd (chronic 
meningo-encephalitis and meningo-myelitis), especially along the 
course of t lie vessels, which result in the proliferation of the neuroglia 
and in a lymphocytic accumulation around the vessels. These two 
processes compress the vessels, and lessc'ii the su})ply of blood to 
the cells of the brain and spinal cord, in which, as the result of 
malnutrition, changes ensue, which produce the typical symptoms 
of the cerebral stage of the disease, which is often called ' sleeping 
sickness.’ The trypanosome apparently cannot pass through the 
placenta, as infected women give birth to liealtliy babies. 

Towards tlie end secondary infections with bacteria may take 
place, the most constant of these being due. to streptococci and the 
pneumococcus, which probably shorten tlie life of the patient. 

Ccrchro-Spinal Fluid . — The cerebro-spinal Iluid was first studied 
by Castellani, and it may be noted here that it was during his 
researches on the leucocytic formula that he discovered trypano- 
somes for the first time in sleeping sickness. More recent researches 
are those by Broden and Rodhain and others. During the first 
stage of the disease it is usually of normal appearance and clear, 
while on centrifugalization there is practically no sediment, though 
occasionally a few small mononuclear cells may be present, and 
tryi^anosomes are, as a rule, absent. 

Ill the sleeping sickness stage it is often slightly turbid, and con- 
tains an amount of serum albumen and serum globulin; and on 
centrifugalization some sediment is obtained, consisting of a few 
cells, which are mostly mononuclear leucocytes, endoth('lial-like and 
vacuolated cells, while trypanosomes are almost constantly present, 
and also often allagellate, roundish, or oval forms, with one or two 
chromatin masses, as described by one of us in i() 03 . These may 
probably be compared to the so-call(‘d latent forms described in 
the spleen by Ih'einl and others, tliough Laveran and other authori- 
ties consider them to be degenerated or fragmented forms. 

Morbid Anatomy and Histopathology. — ^^riicmacroscopical changes 
found post mortem are principally in the central nervous system 
and in the lymphatic glands, but pathological changes brought 
about by complications may also be noted. 

The body is usually emaciated and amemic, rigor mortis is well 
marked, and the skin may be normal, or dry and desquamating, 
or may show pustular eruptions on the hands and forearms, or ulcers 
on the feet which are generally due to jiggers (Dermatophilns pene- 
trans). Enlargement of the lymphatic glands of the neck and groins 
is generally easily seen. On opening the brain-case, it will be noted 
that the under surface of the scalp is pale, that the dura mater 
may or may not be adherent to the bone, that the cerebro-spinal 
fluid is increased in quantit}^ and the gyri of the brain are often 
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flattened. On careful examination, the pia arachnoid will be found 
to be thickened in places, and may or may not be adherent to the 
grey matter. The brain substance, which is generally firmer than 
normal, but may be soft and cedematous, is usually congested, and 
the fluid in the ventricles is increased. 

With regard to the spinal cord, it will be seen that there is an 
increase of fluid, which, if examined with the microscope after 
centrifugalization, generally shows leucocytes and trypanosomes. 
The cauda equina may be found at times surrounded by gelatinous 
tissue. The cord itself is often congested, and haemorrhages have 
been described. 

The lymphatic glands of the submaxillary region, anterior and 
posterior triangles, around the bronchi, of the mesentery, behind 
the peritoneum, well as those of the inguinal and femoral regions, 
may one or all be enlarged, congested, and even luemorrhagic. At 
times abscesses are found in these glands, but fliey are due to 
secondary infection. The abdominal cavity often contains some 
straw-coloured fluid, and the pericardial fluid may also be (ex- 
cessive. There may be some increase in size of the lymph-follicles 
and Peyer’s patches of the small intestine. The lungs may show 
signs of pneumonia and (Thcr complications. Tln^ other organs are 
usually not markedly affected. 

The microscopical examination of the organs has been performed 
with the greatest care by Mott and Breinl and the members of the 
Portuguese Commission (Bettencourt, Kopke, Rezeide, and Maude). 

The utmost care must be taken to distinguish between the lesions 
due to the tr3q-)anosomes and those caused by terminal infc'ctions 
such as the diplococci, streptococci, and colon bacilli ; for these infec- 
tions may give rise to chromatolysis in the nerve cells and di^ge.nera- 
tion in the nerve fibres of the brain (pons and medulla) and spinal 
cord (especially in the posterior and lateral columns), and perhaps 
in the peripheral nerves, which have notliing to do with the disease 
in (piestion. With this proviso the microscopical examination is 
characterized by a round-c(*lled infiltration surrounding the vessels 
of the pia arachnoid of the brain and spinal cord. This infiltration, 
first described by Mott, is best seen in the membranes, where there is 
an accumulation of c ex ebro- spinal fluid, and in the brain, around 
the vessels of the medulla, pons, cerebellum, and those entering the 
base. The process appears to begin with a growth in size, and then 
a proliferation of the neuroglia elements, which has been minutely 
described by Eisath, and is found, not merely around vessels, which 
show a small-celled infiltration, bitt around those which do not. 
Round cells are found later in the meshes of this proliferated glia. 

These cells are {a) lymphocytes; (h) peculiar cells called the 
‘ plasma cells of Marschalko,' characterized by the nuchnis becoming 
situated at one end of the cell, and staining blue witli methylene 
blue and eosine, while a clear halo separates it from the cytoplasm, 
which stains pink; (c) ‘ morula cells of Mott,’ which are large round 
or oval cells with an excentric blue nucleus and a cytoplasm contain- 
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ing a clear eosinophile area; (d) a few mononuclear leucocytes; 
(e) a few polymorphonuclear leucocytes. The cells of Marsclialk6 
are considered by Mott to be derived from lymphocytes, and the 
morula cells to be degenerated cells of Marschalkd. Mott considers 
that the lymphocytes are probably formed by proliferation of the 
endothelial cells of the perivascular lymphatic space. According 
to Breinl, a layer of blood cells may be found external to the round 
cells, and hiemorrhages may be found in the cord. The ependyma of 
the lateral ventricle also shows a proliferation and dense fibrous 
formation at times. With regard to the parenchymatous elements, 
Mott considers that there may be increase in neuroglial nuclei and 
lymphocytes in the perineural spaces, while there is atrophy of the 
dendrons and diminution of the Nissl bodies, and alteration in the 
nucleus, which becomes large, clear, and excentric. These changes 
are most marked in the cerebral cortex and medulla, and less so in the 
spinal cord. The cells of the posterior spinal ganglion, however, show 
chromatolysis. The central canal of the spinal cord may be dilated, 
but is more generally occluded by proliferation of the cells of the 
ependyma. It is interesting to note that Mott did not find any of 
these changes in the brain and spinal cord of a cured case of try- 
panosomiasis, who died several years later of cystic disease. 

The histological lesions of the encephalitis found in sleeping sickness closely 
resemble those of general paralysis and encephalitis lethargica (nona). 

The next series of characteristic changes are in the lymphatic 
glands, in which trypanosomes arc often found. These changes 
begin with a conversion of thtj lymphocytes into cells of Marscludko, 
and these, again, into morula cells. The endothelial cells of the 
lymph sinus ])rolif crate and take on a phagocytic action, containing 
lymphocytes, red blood cells, and chromatin particles. At the same 
time the gland becomes intensedy congested, and the fibrous tissue 
of the capsule and septa proliferates, so tluit they and the walls of 
the lymph sinuses and of the vessels become thickened. 

A lymph nodule therefore a])pears to be surrounded by a fine 
connective meshwork, containing few lymphocytes, but many red 
corpuscles and phagocytes. As time goes on, the inflammation in 
the gland subsides, and it becomes less vascular, firm, and hard, and 
full of dense fibrous tissue. Secondary infection, however, may 
occur with the formation of abscesses. 

Microscopically, the lungs may be found to be hyperiemic, even 
when normal, to the nakcMl eye, while the complication of jineu- 
monia will give rise to tin' usual appearances. The heart shows 
small-celled infiltration in all its layers, with sometimes haemor- 
rhages. Vianna has noted in animals infected with (\ castcUanii 
cysts in the muscles similar to those of 5. cruzi, and appears to have 
found them also in the muscular and nervous tissues from a case of 
sleeping sickness. The liver and spleen may show thickening of the 
capsule, while the latter is very congested, and its trabeculai are in- 
creased in thickness. In natives signs of chronic malaria are almost 



THE SLEEPING SICKNESSES 1269 

constantly present in the spleen and liver. The bone-marrow may 
be very cellular, with congested vessels and haemorrhages. 

Ste venson and others have found trypanosomes scattered through the brain 
substance in no special relation to the capillaries and smaller bloodvessels 
in animals inoculated with CastellaneHa gamhiensis {nigeriensis) and other 
trypanosomes. 

Symptomatology. — The course of the disease may be roughly 
divided into three stages — ^the incubation, tlie febrile, called also 
glandular stage, and the cerebral stage. 

Inciihation . — The duration of the incubation period is not cer- 
tainly known in man, but may be considerably shorter than was 
believed by the old authors; probably in most cases it does not 
exceed two or three weeks, and, according to Martin and Lebcenf’s 
observations in Europeans, it may be even less than ten days. 
On the other hand, some 
infected individuals may 
not show any sign of 
disease for months, and, 
it is said, even five or six 
years. The bite of tlie 
infected Glossina gives 
rise, as a rule, only to 
very slight local irritation, 
which quickly subsides, 
and is often overlooked 
by the patient. 

Febrile or Glandular 
Sta^e . — ^The onset of llu' 
disease is characterized by 
attacks of fever almost 
constantly associated in 
Europeans with an ery- 
thematous eruption. I'his 
fever lasts about a week, 
and disappears, to recur 
again later for the same 
or much longer periods. 

It is generally of an inter- 
mittent or remittent tyi)e. 

During an attack the 
pulse-rate and the res- 
pirations are increased, 
and there is often enlargement of the liver and spleen, though 
how much of this may be due to recurrent malaria is not known; 
the pulse often remain rapid during the apyrexial periods. Neuralgic 
pains and headache may also be complained of. 

An erythematous eruption is often found on Europeans. It 
begins, as a rule, with badly defined, pinkish patches, which clear 
in the centre until a ring is produced; if a portion of the ring fades 



Fig. 639. — Nkgro Patient in the Late 
Stage of Sleeping Sickness. 
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a crescent may be produced. This circinate eruption may appear 
on any part of the body, but is especially frequent on the trunk; 
in some cases, instead of rings, solid infiltrated patches, the size of 
a half-crown or larger, are present. Rubeloid spots and a mottled 
appearance of the skin are not rare. A vcsiculo-papular eruption has 
also been described, but is rare in our experience. Dermatographia 
is common in Euiopcans. In full-blooded negroes the erythematous 
eruption may not be noticeable; in them very often a dry, scaly 
condition of the skin is found. These various eruptions are called 
Trvpanides. Patches of localized oedema may be seen in some cases. 

The most typical sign of the disease in this stage is enlargement 
of one or more lymphatic glands, especially those of the neck, in 
the posterior triangle (Winterbottom’s sign.) The enlarged glands 
are in tliis period generally fusiform, and of rather soft consistency. 
Another early symptom, noted by Kercindel, is a general, intense, 
deep hyper^esthesia. As repeated attacks of fever increase, the 
patieiit may l^'come anaunic and asthenic, but the febrile condition 
may last for years, and, indeed, inthis stage the disease may be cured. 



Fig. 6,^0. — Sleeping Sickness, Late Stage, in Anglo-Egyptian Sudan. 

(Photograph kindly lent by Colonel A. Balfour.) 

The Cerebral [the So-called Sleeping Sickness ). — After the 

febrile stage lias lasted some time (weeks or months), and even years, 
a change begins to appear in the habits and dis])osition of the 
patient. Pic'viously bright, intelligent, and hard-working, he be- 
comes apathetic, dull, with a disinclination for exertion, preferring 
to sit quietly or to lie down. He also becomes careless in his work 
and dirty in his habits, and at the same time, a difficulty in walking 
begins to be noticed. In this condition the sleeping sickness stage 
of the disi'ase may be said to have been properly entered. Typi- 
cally, the patient is dull and apathetic, but can be easily roused, and 
answers qiu'stions rationally, without difficulty in speech. Sleep 
may be excessive.,, but is not the prominent symptom so often de- 
scribed, the condition being more one of lethargy, from which the 
patient can be easily roused. Fine tremors are noticed in the 
tongue at first, later in the hands and arms, and sometimes also in 
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the legs, and even in the abdominal muscles. The tremor of the 
tongue and hands may be a very early symptom and may be present 
in the febrile stage. These tremors may occasionally be so severe 
that they cause the whole body to shake, and at times epileptiform 
fits, general or localized, may be seen. The gait is peculiar, there 
being apparently a difficulty in raising the fee^ so that the patient 
shuffles along; but there is no paralysis as a rule, and the superficial 
reflexes are normal; the deep reflexes may be exaggerated and then 
lost; there is no clonus. There is inco-ordination in some cases, 
and Romberg’s sign may be present. As the disease advances, 
rigidity appears, especially in the muscles of the neck and legs, 
which latter may assume the position of flexion of the thighs on the 
abdomen and the legs on the thighs. Babinski’s sign is generally 
absent. Sensation is at first normal, but there may be hypciiesthesia 
in the region of the fifth nerve and other nerves, and at times the 
patient complains of headache. The pupils are equal, moderately 
contracted, and react to light and accommodation, fherc is nothing 
abnormal in the organs of special sense as a rule. Tliere is usually 
fever, the temperature rising in the ev(‘.ning f /om 100° to 104° F., 
and falling to subnormal in the morning; but this may be varied 
in many ways: thus for a period the temperature may be almost 
normal or subnormal, while for some days liefore death it becomes, 
as a rule, ])ermancntly subnormal. 

There are no special symptoms, such as rigors or sweating, asso- 
ciated with the rise of temperature. The pulse is quick (90 to 140), 
but it is independent of tlic temperature, being quick with a low 
temperature. It is regular, but small and very low in tension, and 
generally is imperceptible at the wrist for some time before death. 
The heart as a rule shows no abnormal symptoms, though systolic 
inorganic murmurs may be present. The respirations are regular 
and equal, but arc increased in number, especially towards evening, 
varying from 20 to 30; before death they not uncommonly take on 
the Cheyne-Stokes type. Congestion and oedema, with patches of 
pneumonia, are not infrequently met with before death. The 
appetite is good, and may even be increased; digestion is usually 
satisfactory, but constipation may be marked, or there may be occa- 
sionally diarrhoea. The tongue is frequently flabby and covered with 
white fur ; the faeces of native patients are typical of a vegetable diet, 
and show the usual parasites of a tropical country. The spleen and 
liver may be enlarged, which perhaps may partly be due to malaria. 

The Blood. — ^^i'he examination of the blood is complicated, because 
its condition is bound to be influenced by the secondary infections 
with other parasites, animal and vegetal. 

With this understanding trypanosomiasis causes in a certain 
number of cases a gradual diminution of the red cells to 2,000,000 
or less, with a corresponding decrease in the Inemoglobin; but it is 
to be noted that, as first observed by Low and Nabarro in several 
cases, the actual number of erythrocytes may be above normal. 
The red cells are usually normal in appearance, but normoblasts 
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mav be seen Tlie leucocytes arc normal in number, as a rule, with 
an increase of mononuclear cells, whUe there may be a terminal 

polymorphonuclear increase before death. ^ 

^ lit fresh prcparat/ons the red cells arc not evenly distributed, nor 
do they form rouleaux, lomg gcucraWy clumped into masses. This 
phenomenon of auto-aiigluHmiion was first noticea by Kanthac^ 
Durham, and Bhindford in the lower animals inoculated with 
nagana; and in man, in cases of sleeping sickness, by Dutton, f odd, 
and Christy, and may be of diagnostic value. The phenomenon of 
auto-eryclirophagocytosis has occasionally been noted. 

The cluimical examination of the blood in trypanosome infections 
of animals has been performed by Takinioff and by Nierenstein, 
the latter of whom found, by Moore and Wilson’s method of testing 
the alkalinity of the ash, that the acidity of the blood was increased, 







Fig. 041.- — Temperature Chart of a Case of Sleeping Sickness. 
(From Low and Castcllaiii Reports of the Royal Society on Sleeping Sickness.) 


probably due to the formation of amido-acids, either secreted by 
the jxirasites or produced by their action upon the proteids of the 
serum. The acidity was tested by phenolphthalein and Congo red, 
and the alkalinity, which remained fairly constant, was tested by 
dimethyl-amido-azo-benzol. 

The animals were infected with C. brucei and C. cquiperchim, but 
so far no observations have been made on human blood. 

Urine . — No abnormality is found in the urine, but the reaction, 
a noiint of phosphates, etc., of course, varies with the food taken. 
In native patients it is very often alkaline. 

Sexual desire and menstruation are normal at first, but later arc 
lost. The lymphatic glands throughout the body, but especially 
those of the neck, and more especially those of the posterior triangle, 
are enlarged. It is to be noted, however, that in the last stages 
the lymph glands often undergo a process of fibrosis, becoming 
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smaller and harder. The skin becomes dry and rough, but may be 
perfectly normal, though a papulo-pustular eruption may at times 
be noted on the backs of the hands and forearms. Nutrition suffers, 
and the patient generally becomes much emaciated. 

As the disease progresses the muscular weakness and emaciation 
becomes worse and worse, the tremors more pronounced, the saliva 
dribbles from the mouth, the urine and faices are passed involun- 
tarily, and bedsores form, while the intelligence becomes more and 
more affected, and the patient passes into a state of coma, with a 
permanently subnormal temperature and an absence of pulse at the 
wrist, and in a short time is liberated from his sufferings by death. 
The duration of the cerebral or sleeping sickness stage varies from 
a few weeks to several months. Since the atoxyl treatment has 
become of general use, Hodges has noted that convulsive and mental 
symptoms are more prominent, and that death is often sudden, 
without being preceded by a period of coma. 

Varieties. — When the disease is due to C. rhodesiensis, it generally 
runs a more rapid course, seldom exceeding four or five months. 
Lethargic symptoms may not appear, and the enlarged glands in 
the posterior triangle of the neck may be absent, while enlargement 
of the cpitrochlear glands seems to be frequent. The disease caused 
by C. gambiensis appears to be of a milder type than that due to 
C. castellanii. 

Complications. — ^The patient is often infected by parasites other 
than trypanosomes; thus, Plasmodium and Laverania, Ftlarid, 
Schistosoma mansoni, Ancylostoma duodenale , Ascaris lumbricoides, 
Trichurus trichiura, Strongyloides stercoralis, Trichomonas intesti- 
nalis, T. vaginalis, Dermaiophilus penetrans, and Loeschia may^ all 
be found. The commonest complication during tlie last stage is a 
cerebro'spinal meningitis, due to streptococci, the pneumococcus, 
or the meningococcus. 

Pneumonia, laryngitis, and oedema of the glottis are not rare, 
while iritis is seen at times, and symptoms of mania, delirium, and 
epilepsy may be observed. 

Diagnosis.— In the first stage (febrile or glandular stage) the 
disease may be readily confused with malaria and other fevers, 
but in endemic areas the true nature of the malady may be often 
suspected on certain clinical data, the principal of which are the 
attacks of fever not influenced by quinine, the erythematous erup- 
tion in Europeans, the rapid pulse frequently present also during the 
apyrexial periods, the asthenia, the deep hyperjesthesia (Kerandel s 
symptom), the fine tremor of the tongue (Low-Castellani’s symp- 
tom), the cervical polyadenitis (Winterbottom's symptom). Dur- 
ing the sleeping sickness stage the clinical diagnosis is based, in 
addition to the above symptoms, on the drowsiness and apathetic 
appearance of the patient, on the remarkable wasting and debility, 
and the more marked, and occasionally generalized, tremors. 
The long course and, usually, absence of facial paralysis differen- 
tiates clinically sleeping sickness from encephalitis lethargica 
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(nona) To make a definite diagnosis, the demonstration of 
C. casielknii, C. gambiensis, or C. rhodestensis in the body of the 
patient is necessary. The following methods should be used 
I. Mimscojneal Examination of the Penpheral Blood from the 
Finger or Ear.— IE k procedure is often a failure, even using thick 

films, . . . 

2 . Scarificafion of the Ervthemaioiis Eruption and Examination of 
Bio od F Urns . — Tli i s ni ot hod i s m ore ii sef ill t h a ii t lie fir st , b ut m ay f ai 1 . 

3. Nabarro’s Method.— Repeated cent rifiigalizat ion of 10 c.c. of 
nitrated blood, and examination of tlie third sediment. 1 he results 
are good. 

4. Diitton-Todd’s Method . — Some citraied blood is centrifugalized 
in small tubes and the leucocytic layer examined for trypanosomes. 

5. Greig-Grey's Method.— Aseptic puncture of tlie enlarged cervical 
glands with a sterile syringe. The gland-juice is examined for 
trypanosomes. This, from a practical point of view, is the most 
valuable method. To Mott belongs the credit of having first sug- 
gested the search for trypanosomes in the lymph glands as a diag- 
nostic method. Balfour has devised a ‘ gland-liolder,’ which is 
useful in some cas(‘s. 

6. Caiilellani’s Method. — Centrifugalization for fifteen minutes of 
10 c.c. of corebro-spinal fluid, aseptically remov('d by means of 
lumbar puncture. The sediment is examimd for trypanosomes 
liy making fresh and stained jireparations. Tlie r('sult is almost 
constantly positive in the sleeping-sickiK'SS stage, hut negative, as 
a rule, in the first stage of Die malady. 

The technique to perform lumbar puncture is as follows: The patient ma^- 
be given chloroform, Imt usually a local an.'esthctic spray is suffici(‘nt. Lay 
the patient on the right or left side; fl(‘x the thighs on the atxloinon. Then 
make the skin of the lumbar region ascpiic, and, feeling with the tip of tlie 
finger the po.sition of the lamina', thrust Ihe sterile needle between the laminae 
of the third and fourth lumbar vertebrae, ^ inch from the median line, oblicjnely 
outwards and forwards into the canal. The fluid will escape, and can bo 
collecled in a .sterile tube. Afb'r withdniwing th(‘ noodle, the area should 
bo covered witli an aseptic pad and bandage. 

7. Inoculation of Susceptihle Animals.— Ten c.c. or 20 c.c. of blood 
are aseptically removed from a vein and inoculated into sus- 
ceptible animals, or 10 c.c. of cerebro-spinal fluid may be inocu- 
lated. The animals most suitable arc monkeys, guinea-pigs, and 
dogs. The most suitable monkeys, according to Thiroux and 
d’Aiifreville, are those of the species Cercopithccus ruber, while 
some other species— i;."., C. fiiliginosus- — are almost refractory. 

The following biological phenomena and reactions may sometimes be of 
diagnostic value : — 

I. Aiiio-AgghiHnaiion . — In many cases of sleeping sickness, in wet pre- 
parations of blood examined microscopically with a low power, the. red 
corpuscles are not evenly distributed, nor are they arranged in rouleaux, 
but are clumped together — agglutinated — in irregular mas.ses. This 
appearance is not specific of trypanosomiasis, having been found in cases 
of filariasis, malaria, syphilis, and yaws. 
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2. Complement Fixation. — Levaditi and Muttermilch have applied the 
Bordet-Gengou reaction to trypanosome infections. According to them, 
the complement can be fixed by using as antigen an extract of trypanosomes 
separated from red cells. 

3. Levaditi and Muttermilch' s Leucocytic Attachment Reaction. — Levaditi and 
Muttermilch have shown that trypanosomes treated with the specific serum 
(heated at 55° C.) develop a property of lKX'.oming attached to leucocytes, 
and that this phenomenon is specific. The test may be used for identifying 
a trypanosome or for diagno.sis, but, according to Laveran and Mesnil, is 
not very reliable in the case of C. castellanii infections. 

Attempts have been made to evolve agglutination reactions, trypanolytic 
precipitin, and other biological tests for purposes of the diagnosis of sleeping 
sickness, but so far with little success. 

Prognosis. — Tha prognosis is serious, but not quite so serious as 
it was before the introduction of atoxyl and the mixed atoxyl 
tartar emetic treatment. If the patient is in the early stage, and 
can be removed from the endemic area and put under good hygienic 
conditions and atoxyl treeitment, the disease may be cured, or 
at least a marked improvement may be obtained. Great care, 
however, is necessary before saying that a patient is really cured, 
and at least two blood injections into susceptibh' animals should 
be performed before giving a decided opinion. If, however, the 
patient is compelled to live in the endi.'mic area, and cannot be 
treated with atoxyl, the outlook is most hopeless. It is to be noted 
that there are sev(‘ral strains or varieties of different virulence. The 
Uganda and French Congo strains caused by C. as noted 

by Laveran and Mesnil, cause a more acute ty])e of the disease than 
the Gambia strain due to C. gambiensis, and (\ rhodesiensis is in 
laboratory animals more virulent than C. castellanii, and the disease 
caused by it in man runs a more rapid course. 

Treatment. — The only medicaments which have been so far found 
to be of any real value arc, first, arsenic in the form of atoxyl, and, in 
a less degree, antimonium in tlie form of tartar emetic, the best 
method of treatment being a combined treatment with the two drugs. 

Atoxyl. — ^We recommend 2 to 3 grains of atoxyl by intramuscular 
injection every third day for at least two years, or 0-3 gramme every 
fourth day for the same period, with o-i gramme for a child ten years 
old. 


Borden and Rodhain's method is 7J grains of atoxyl by intramuscular 
injection every fifth day. Koch recommended the subcutaneous injection of 
7j grains (J gramme) on two successive days every ten days for two months, 
when the treatment is to be slopped until further symptoms develop, and 
when this occurs the treatment should be repeated. The drug can be obtained 
or imported from any chemist in sterile via’s ready for hypodermic medication. 
The injection of atoxyl is occasionally followed by a febrile reaction, due, 
according to some observers, to the absorption of products of trypan olysis. 

/ONa 

Atoxyl is sodium-/>-aminophenyl arseniate — NH2G^,H4AsO\ — and 


contains from 25*95 to 20*78 per cent, of arsenic, according to the amount of 

/ONa 

water of crystallization. Mono-acetylated atoxyl is CH^CONHC^-HgAsO^^^^ . 
According to Mesnil and Nicolle's observations, and the more recent observa- 
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the aejhcan thypanosomiases 

; not tlie arsenic in these compounds which is 


Hons of Nierensiew, il Js nor me --- ^^^..t^u..u, yywca is to be 

looked upon ns the effociivo agent, but tbcawido-group which may possibly 
be the effective agetit m red. afndol blue, afndol violet, and para- 

/ncMn, which do not contain arsenic, but possess anrido-groups and afiect 
trypanosomes in a similar manner to atoxyl. According to Lhrlich, Leva- 
diti, and Yamanouchi, atoxyl undergoes a reduction in the animal tissues. 
Ehrlich has prepared two derivatives of atoxyl, one of which already men- 
tioned (arseno-phenylglycin), is very effective in mice on atoxyl-resistant 
trypanosomes. Levaditi and Yamanouchi have also prepared an active 
derivative of atoxyl, which they call trypanotoxyl. Nierenstein thinks that 
atoxyl is oxydized in the tissues, and it is only in the nascent state that it 
becomes (‘fficacitius. 

Soamin.- — Owing to the fact that large doses of atoxyl lead to such un- 
pleasant results as optic atrophy, gastro-intestinal inflammation, and peri- 
pheral neuritis, other arsenical preparations have been recommended; and 
the firm Burroughs and Wellcome has introduced, under the trade name of 
soamin, a preparation somewhat similar to atoxyl, but said to be less poisonous. 

It is given in the same doses as atoxyl, but the therapeutic results do not 
appear to have been very successful. Soamin, according to the published 
formula, is C2ll4NH2As0(0H)(0Na)5H20. 

Arseno-phenylglycin —iihrhch has prepared a derivative of atoxyl, called 
arseno-phenylglycin, which is from two to four times less toxic than atoxyl itself. 

This preparation has been tried by Ehrlich, Mesnil, Kerandel, and others 
upon lower animals experimentally infected with C. casiellanii^ and has 
been found to be very effective, being also a prophylactic. It has been used 
in man by Kleine in the same doses as atoxyl, but has now been abandoned. 

Liquor Arsenicalis . — When for special reasons it is impossible to carry out 
the treatment by injections, arsenic may be given by the mouth in the form 
of Fowler’s solution, which must be given, well diluted in water or milk, in 
3-minim doses, and gradually increased to 15-minim doses. 

Ldfller and Kuh’s neutral solution of arsenious acid (i c.c. of which contains 
I centigramme of arsenious acid) may be given in doses of 2 c.c. daily for three 
days, and then continued in doses of i c.c. per diem for several weeks, after 
which it must be temporarily discontinued, but must after a time be restarted, 
and in this manner continued for months, provided no ill-etfects are produced. 
Salvarsan and. Neosalvarsan. — Their action is less efficacious than atoxyl. 
Atoxylatc of Mercury . — This preparation, introduced by Uhlenhiith, has 
given less satisfactory results than atoxyl. 

Quinine ]) cr iv ate s.— M ot genroih and Halberstaedter have shown that 
some quinine derivatives, such as hydroquinin, have a preventive and curative 
effect in certain experimental trypanosomiases. 

Ipecacuanha Derivales . — The emetine .salts might be studied in regard to 
their possible action on trypanosomes. 

Anarcotinc . — The use of this opium alkaloid has been suggested by Johnson. 


Combined Therapy. — As the result ef the important observations 
of Ehrlich on the phenomenon of chemio-rcsistancy, which may 
be acquired by trypanosomes after a long use of the same drug, 
numerous combined treatments have been suggested. Of these, 
the most important are: — fi) antimony and atoxyl; (2) mercury 
and atoxyl; (3) orpiment and atoxyl; (4) various dyes and atoxyl. 


Antimony and Atoxyl Treatment , — Antimony salts, as well as phosphorus, 
were finst suggested by Mesnil as likely to be of use in trypanosomiasis. To 
Plimmer and Thomas belongs the credit of having experimentally shown the 
powerful trypanocide action of antimony. In man the subcutaneous or intra- 
muscular injections of solutions of the various salts of antimony (sodo-tartrate 
of antimony, sulphide of antimony and soda, etc.) are very painful. Plimmer 
therefore suggests oil emulsions, Manson gives the drug by the mouth 
or by the rectum, and other authors by intravenous injection. Daniels and 
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Newham tecommend the painless Martindale’s injectio ailtimonii oxidi, 
30 minims ( = gr. antim. ox.) to be given subcutaneously once or twice 
daily. Apparently the trypanocide action of antimony is more powerful 
in the lower animals than in man, in whom the results are inferior 
to those given by atoxyl. A mixed antimony and atoxyl treatment is, 
however, of advantage in most cases, an atoxyl injection (3 grains) being 
given every third day, or 7J grains every fifth day, and sodio-tartratc of 
antimony (Plimmer’s salt) administered daily — 2 grains dissolved in a large 
quantity of water (2 pints) by the mouth or by the rectum. Tartar emetic, 
however, is best given by intravenous injections, using solutions of i in 100 
or I in 1,000. The dose of the drug to be given is 5 to 10 centigrammes per 
injection. It is important that none of the fluid of the injection should escape 
into the surrounding tissues, as a violent inflammation may result. These 
injections should be administered monthly on ten consecutive days for a long 
ptu*iod. The injection of salts of antimony may produce a marked fall in the 
blood-pressure, dyspmna, and signs of collaiisc, and therefore Thiroux sug- 
gested that subcutaneous injcction.s of calfein should precede ton or fifteen 
minutes their administration. 

Basing his opinions upon th.' very successful treatment carried out by 
Captain Simsr n, R.A.M.C., at the Yei Sleeping vSickness Cam]) in the Mongalla 
Province of the Sudan, Captain Spence, R.A.M.C., is treating cases in the 
Bahr cl-Ghazal Province as follows : — 

A . Cases in the early stage — 

1. Six intravenous injections each of (> centigrammes of antimony at 

three-day intt^rvals. 

2. Interviil one month. 

3. Twelve intramuscular injections each of 30 centrigramines of atoxyl 

at three- day intervals. 

4. Interval one month. 

5 and 6. Repeat i-.j. 

7. Three months after last t eatment the blood of the patient is 
inocidated int ) .an animal. If the animal remains uninfected the 
patient is given a numbered (.Use and told to report (.very three 
months. 

Total dosage: Atoxyl, 10 -8 grammes in abjut one year; antimony, 
I 08 grammes. 

B. Relapses and cases first seen in a late stage of ihe dis(ase :■ — 

1. Nine intramuscular injections each of 1 gramme of atoxyl at ten- 

day intervals. 

2. Interval one month. 

3. Nine intramuscular injections each of i gramme of atoxyl at 

twenty-day intervals. 

4. In ter v. 1 one month. 

5. Nine intramuscular injections of atoxyl at thirty-day intervals. 

0. Interval of three months. 

7. Animal is inoculated as above. 

Total dosage: 27 grammes of atoxyl in two yearns. 

Cases in which no symptoms arc noted and in which animal inoculatums 
are negative are kept under close control for tw > years, alter which they 
report every six months for two years and the result judged. 

Mercury cmd Atoxyl.- — Mercury was first introduced in 1902 for the treat- 
ment of sleeping sickness by Low and Castellani, using intravenous injection 
of Baccelli’s sublimate solution (hydrargyri perchloridi, o*io gramme; sodii 
chloridi, 0*50 gramme; aquae destillatac, loo-oo c.c.; i to 4 c.c. per intra- 
venous injection), in association with arsenic and quinine by the mouth. A 
fall of the temperature was observed in some cases, but the fatal course of the 
disease was not influenced. Moore, Nierenstein, and Todd have used mercury 
and atoxyl in combination or alternation, with the idea that mercury might 
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act upon the latent form of the trypanosome, while atoxyl would influence 
the active form. In man this combined treatment has apparently not given 
any l)etter results than atoxyl alone. 

Orpiment and Atoxyl .- — This combined treatment, consisting of atoxyl and 
an inorganic salt of arsenic such as orpiment, has been recommended by 
Laveran and Thiroux, and has been used in man with good results. 
The orpiment should be given in pills, in the dose of 2 grains of orpiment two 
or three times daily. The administration of orpiment frequently causes 
diarrJicea. Thiroux therefore incorporates in the orpimont pills some opium. 
Thiroux’s formula is: — 

Orpiment . . . . . . . . , . . . 20 grammes. 

Ii.xtr.opii .. .. . , .. .. .. 0*40 gramme. 

Gumm. . . ) 

Pulv. glyceriz. j * ‘ * * • * * * * • 

To be divided into 200 pills. 

Various Dyes^ and Atoxyl . — Combined treatments of Mesnil’s afridol and 
atoxyl, Khrlich s paraiuch.sin and atoxyl, picric acid, safranin, tryj^allavin 
and other dyes and atoxyl, have been suggested, but in man the results have 
not been so successful as in the lower animals. 

1 vcatniiut of Natives.- -In the case of native.-; it is necess ry to gather them 
into special sleeping sickness camps in order that treatment may be efficiently 
carried out. ihese camps should be in some flv-free area, eind should be 
provided with a 1 rained medical staff. Patients able to work should be 
employed to raise crops for their own consumption, to supplement the diet 
provided by the Government. 

Symptomatic Treatment. — Jn addition to the atoxyl treatment or 
combined treatments, malaria and the intestinal parasites must be 
treated if present. Ihe patient should, if possible, be removed from 
the area of infection and placed under good hygienic conditions and 
on good food, and no case should be considered to be cured until ihe 
injection of the blood, on more than one occasion, into suscei)tible 
animals fails to iiifeci. them. 

Prophylaxis. — ^At the present time pro])liylaxis must be under- 
taken on the assnm])tion that the disease is spr(‘ad from place to 
place by man along channels of human intercommunication, and 
from man to man ]:)y Glossina palpalis and G. morsilans, and that 
at least in the case of ( . rhodcsicnsis there are animals which act as 
reservoirs of the virus. With regard to these flies, further infor- 
mation is required as to their bionomics, though Bagshawe’s and 
Hodges’ researclies, as well as those of Zujfltza, Sander, Minchin, 
Kinghorn and York(‘, Carpenter, and others have thrown some light 
on the subject. 

Before enumerating the principal prophylactic measures to be 
recoinniended, we wish to draw attention to the fact that these, 
as pointed out by Bagshawe, will be useless without the co-opera- 
tion of the natives. This co-operation may be obtained by ex- 
plaining to tlu'm at every possible opportunity the reason for the 
measure taken. In this missionaries and native chiefs may be of 
the greatest help. With this proviso we consider the following to 
be the principal prophylactic measures: — 

Public Pn)phylaxis.~^V^\\ advocate: — 

I. Ihe formation of a Central h^xecutive International Board. 
V’lth headquarters in either Paris or London. 
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2. The formation of an Executive Sleeping Sickness Commission 
in each political division of Africa in which the disease exists. 

The different Governments should be invited to co-operate to 
prevent persons travelling from districts where the disease exists 
into lion-infected regions, and medical posts of inspection should 
be established for tlie examination of natives. According to 
some authorities (Dutton, Todd), all natives presenting enlarged 
glands should be considered, from a practical point of view, as 
trypanosome carriers, and prevented from emigrating. This is, 
perhaps, going a little too far, inasmuch as, in our experience, and 
in that of Low, Bagshawe, Koch, Hodges, etc., numbers of natives 
have enlarged glands, though not suffering from trypanosomiasis; 
and, on the other hand, cases of trypanosomiasis occur in which 
there is no enlargement of the lymphatic glands. We admit, how- 
ever, that gland palpation may be of some use in formulating an 
approximate idea of tJie extent of tln^ dissemination of the disease. 

The sick should be removed from the fly regions and segregated 
in places where the Glos sin a palp alts and G. morsitans are not found, 
or where the temperature and climatic conditions are unfavourable 
to the development of trypanosomes in the flies. They should be 
treated with atoxyl before being moved. 

In the regions where the disease is due to Caslellanolla caslellanii, 
which is mostly carried by Glossina palpalis, villages should be 
removed, if possible, from the fly zones; and the occuj)ations carried 
on in fly zones, such as fishing, should be discoureiged. This has 
been done in certain regions round the Victoria Nyanza Lake, but 
the result has not been completely successful, as inflected flies were 
found to be plentifulthreeyearsafterthe measures liadbeen carried 
out. rile waste land became full of game and wild animals, some of 
which are probable reservoirs of tlu‘ infection. Duke, in fact, has 
found C. caslellanii in two marsh antelopes or situtunga [Tragela- 
phiis spekei), and believes tliis observation to be confirmed by the 
infection of two boys working on an uninhabited island in Lake 
Victoria. 

Clearing of the bush along the water’s edge for loo yards, and 
round a village for 300 yards, at least, is to be advised. 

European bungalows should be segregated from native quarters. 
Houses should be rendered gnat-proof, and natives bringing water 
from streams should not be allowed to enter the house, as they 
are liable to be surrounded by tsetse-flies which have followed them. 
Indeed, some authorities look upon the bath-room as a source of 
European infection. 

Deslruclion of the Animals on which the Fly feeds.- — Koch recom- 
mended the destruction of the crocodiles by poison, and by collecting 
and destroying their eggs. Unfortunately, the crocodile is not the 
only animal on which the fly feeds. The blood of many other verte- 
brate animals is palatable to the fly, and therefore this method of 
prophylaxis is without much practical importance. 

Destruction of the Vertebrate Reservoir, — Many authorities have 
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supported the idea of exterminating the big game, because they 
may be the vertebrate reservoir, but this requires further proof, 
and is therefore at present too radical a measure. 

Destruction of the Pupce. — ^Minchin has suggested the breeding of 
the jungle-fowl to destroy the pupec, which, as discovered by Bag- 
shawe, are found in the turf among the roots of banana and other 
trees. Balfour and others have suggested tra])ping the adult flics 
in various ways. Further information, however, is necessary on 
the enemies of the pupcc and adult tsetse-flies. 

Personal Prophylaxis, — Natives in the fly zones should be en- 
couraged to wear suitable clothing, and the reason explained to them. 
Europeans sliould be careful not to expose their legs and hands 
to be bitten. High boots, puttees, or leggings should be worn, and 
where the flics abound gloves and veils, though very uncomfortable, 
are of service. White clothes arc better tlian dark ones, as it has 
been long observed that the tsetse-fly, as well as many otlier insects, 
have a preference for black or dark colours. The use of volatile 
substances sucli as citronella oil has been advised by some. Unfor- 
tunately, the odour of such substances is repellent to many persons. 

Morgenroth and Halberstaedter have shown that certain derivates 
of quinine, in the lower animals, prevent an experimental trypano- 
some infection, and Bagshawe suggests that a daily dose of quinine 
may be useful in man. 

Vaccination, — Attempts at vaccination liave not yet entered a 
practical stage, as inoculation with dead or attenuated viruses have 
so far failed in the lower animals. 

Summary of Prophylactic Measures, 

I. GeiKM'al mi'asures:— 

1. Cu-oporation of various eiovcrnnienls, especially in controlling 

the movements of non-infected natives. 

2. Formation of medical posts of inspection at suitable places to 

prevent infected natives entering non-infected areas and vice 

versa, 

3. Segregation of the sick, if possible, in districts free' from Glossinw, 

or where the climatic conditions are uiifavo irablc for the 

development of the trypanosome in the fly. 

4. Clearing of the bush near villages and along the water’s edge, 

especially at landing-places, fords, and ferries. 

5. In certain case.s^ — -especially with regard to C. rhodesic/nsis - — the 

destruction of large game, especially antelopes. (This is still 

sub judicc.) 

II. Personal measures;— 

1. Avoidance of bites by wearing white clothing, high boots, puttees, 

and the ])u(ty i)attern of leggings. 

2. Immedjale disinfection of a bite by painting it with tincture of 

iotline or by aj)plying a solution of formalin (r in 40). 


TRYPANOSOME FEVERS. 

Dsflnition. — Tlu; trypanosome fevers of man are caused by a 
moiiomorphic trypanosome allied to DuUonella vivax Zieniann, 
1905, and to an unspecifted germ allied to Casiellanella evansi, and 
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are characterized by milder symptoms and the absence of meningo- 
encephalitis as far as is known. 

Remarks,— In Maclie’s case of infection with a trypanosome 
allied to D. vivax, apart from slight fever there were no symptoms, 
and after a single injecLion of atoxyl the trypanosomes disappeared 
from the blood. 

In Lanfranchi’s case of accidental laboratory infection there have 
been irregular attacks of fever lasting seven years, and general 
debility associated with large patches of cutaneous cedema. But 
there has been neither mental symptoms nor tremor. He has 
been treated by atoxyl and tartar emetic. 

It will thus be seen tliat the trypanosome finals resemble mild 
infections in animals rather than human sleeping sickness. 

Diagnosis. — Thi:^ can only be made by finding the trypanosomes 
in the blood. 

Prognosis. — Tliis appears to be good quoad viiam. 

Treatment. — The treatment is atoxyl adminisi^ered as in sleeping 
sickness. 

Prophylaxis. — Nothing can be said at the presen' time with regard 
to this. 
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CHAPTER XLVl 

SOUTH AMERICAN TRYPANOSOMIASIS 


Synonyms — -Definition — History— .F.tiology— Pathology — Symptomatology— 
Diagnosis — Treatment — Propliyiaxis — References . 

Synonyms. — Oppila^iio; Canguary (both indicate ankylostomiasis); Schizso- 
tryfyanosc or l)ouen(a do Carlos Clnigas, Coi'cotry p^ayiosis (rorfs^ i-bug) ; Alolrstia 
dc Carlos Chagas, Tripanozomiasc hrazUiera, Tirvoiditc para^iiaria, Molrstia 
do barheiro (popular name), Molest ia de Cruz e Chagas. 

Definition. — South American trypanosomiasis is an acute or 
chronic specific disease caused by Schizotrypannm entzi Cliagas, 
1909, and spread by the bug Lamiis niegistus {Triatoma nieghia) 
Burmeister, and perhaps otlier allied bugs. 

History. — In h'ebruary, ipix), Chagas reported that he had fre- 
quently found a new trypanosome, wliicli he named T. cnizi, in the 
intestine of a species of Lamus, which occurrc'd in tlie State of 
Minas in Brazil. He also reporled that he was abhi to infect 
marmosets, dogs, cats, guinea-pigs, and rabbits by the bites of tlie 
infected insects, and also to grow the parasite on blood agar. 

In May, 1909, he announced that he had made an investigation 
of the mines of the State of Minas, and found tlie Lamus in large 
numbers in the houses of the poorer inhabitants. He noticed that 
the bite was painful, and that the insect was very voracious, and 
also that it generally attacked people, especially children, at night, 
biting the face, from which fact the inhabitants called it ‘ barbeiro ’ 
or ' barber.’ 

He suspected this Lamus of causing a disease marked by extreme 
ainemia, which occurred especially among the children, and he 
was able to find in the blood of a two-year-old child during an 
attack of fever a trypanosome identical with S, cruzi, morpho- 
logically and biologically. Since then Chagas has not merely 
worked out the life-history of the trypanosome in man and in 
the Lamus, but he has also studied carefully the clinical and 
pathological aspects of the disease, while Vianna has reported 
upon the histopathology, Dias on the blood, and Guerreiro on the 
urine. 

Chagas has also shown tliat in all probability the armadillo 
commonly called ‘tatu,’ and scientifically Dasypus novemcincius, 
or less correctly Tatiisia novemcincta, may be the reservoir for 
Trypanosoma cruzi, and that Triatoma geniculai a {synonym, Conor - 
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htflus geniculatus) of the family Rediiviidae is one of the carriers of 
the same trypanosome. He also believes that Triatoma infestans 
and T. sordida may be carriers. It may be stated that T. geniculaia 
lives in the burrows of the armadillo, the flesh of which is rather a 
delicacy. 

With regard to the history of the discovery of a trypanosome in man in 
South America, Sambon informs us that in 1904 de Lacerda published a 
paper entitled ' Etiologia de Beri-Beri ’ in the Brazil Medico, in which he 
stated that he had found trypanosomes in films taken from the spinal cord of 
a case of beri-beri. We have been unable to obtain this paper, and therefore 
cannot verify the statement, nor can we say whether the disease, which de 
Lacerda was considering, was beri-beri or some other complaint. It would, 
however, be interesting to have this historical problem elucidated. 

Climatology. — Tlic disease is known among the poorer inhabitanls 
of the State of Minas in Brazil, where it appears to attack the whole 
population, so that the children all become affected and either 
recover, die, or pass into the clironic stage. 

/Etiology.— The disease is caused by Schizoirypanum cruzi Chagas, 
1909. This try})anosome, which is remarkable because of the large 
size of its kinetonucleus, is capable of being transmitted by Lamus 
megisius, and perhaps by species l)elonging to other genera of the 
Rediiviidje — e.g., Tnaioma- — to domestic animals and to man. 
The reservoir of the trypanosome ap])(‘ars to be an armadillo — 
Dasypits nov^mcincUts . 

In the blood tliia'e forms are seiai: the first with a large nucleus 
and loos(‘ chromatin and a terminal kinetonucleus; the second 
narrower, will) an oval nucleus and dense chromatin; the third 
with a long nucleus. Th(‘ parasite undergoes schizogony in the 
lungs, after wliicli the merozoites enter the red blood cells and 
become try])anosom('S again. Sporogony takes place in the bug 
Lamtis megistn?., the final forms being found in the salivary glands, 
from which they pass during the act of biting into the verte- 
brate. (For a d(^scription of tlie parasite and its life-history, see 
Chapter XIX., p. 427.) 

Pathology.— The tryixiiiosomes enter the cells of the various 
tissues and organs of the body, but especially those of the muscular 
system, and more particularly those of the muscles of the extremities 
and back. Inside these cells they assume Leishmania-like forms 
without flagella, but provided with trophoniicleus and kinetonucleus. 
These forms divide by binary division, and so increasing in numbers, 
dilate the cell considerably. During this process there is no reaction 
upon the part of the surrounding tissue, but after a time the cell 
membrane ruptures, and the parasites which have already become 
flagellate inside the dilat(‘d remains of the cell, which is virtually 
a cyst, escape. With this escape of the parasites into the tissues 
the local inflammatory reaction appears, and with the appearance 
of the trypanosomes in the blood the general symptoms make 
themselves evident. Whether the parasites produce any toxins 
or not is unknowm, but it is probable that they do so, because of the 
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fatty degeneration described in the liver, as well as because of 
the other pathological features. 

As a result of this activity on the part of the parasites and of the 
reaction on the part of the body, local pathological changes take 
place in different organs, and these are in general agreement with 
the symptoms exhibited by the particular case. 

At present there is no evidence of any secondary infection being 
responsible for any of the essential pathological features of the 
disease. 

Morbid Anatomy. — In an autopsy upon the body of a person 
dying from the acute phase of the infection, a certain amount of 
serous effusion is remarked upon opening the abdomen. The liver 
is seen to be enlarged, and to be in a state of fatty degeneration. 
The spleen is also enlarged, hyperaemic, and very soft, as are the 
mesenteric glands. On opening the chest serous effusion is seen 
in both pleural cavities, as well as in the pericardial sac. The 
pericardium shows signs of luernorrhagic pericarditis, whih^. the 
enlarged heart is in a condition of intense myocarditis. The 
lymphatic glands of the mediastinum arc also swollen and hyper- 
ijemic. In the neck the thyroid gland is seen to be enlarged, as are 
the lymphatic glands. The dura mater is congested, and tlu^re is 
leptomeningitis and encephalomeningitis, and firm adhesions be- 
tween the leptomeiiinges and the cerebral cortex. The lictuor 
cerebro-spinalis is increased in amount. There is a generalized 
myxoedematous condition under the skin. 

Histopathology.— As already stated, the most likely place to find 
the parasites is in the muscular system. In the heart they occupy 
the central undifferentiated protoplasmatic portion of the muscle 
cell, and growing therein, destroy the sarcoplasm, and convert 
the body of the cell into a parasitic cyst without affecting the pro- 
cesses. When this cyst ruptures, the now flagellate parasites 
escape into the intermuscular tissue, and give rise to patches of 
interstitial myocarditis. Nc^ changes are to be seen in the larger 
bloodvessels of the heart, nor can parasites be found associated 
with patches of pericarditis or endocarditis which may be present. 
In the skeletal muscles the parasites arc mostly found in those of 
the extremities and the back. Here, again, the parasites grow 
in the centre of the muscle fibre (Fig. ii4> P* 428). 

In the central nervous system a similar process appears to take 
place. The parasites invade a neuroglia cell, which becomes con- 
verted into a parasitic cyst, on the rupture of which a patch of 
inflammatorv reaction is produced. Parasites have never been 
seen to invade the nerve cells or the leucocytes of the central 
nervous system {vide Figs. 642 and 643)- 

A similar invasion of the medulla or cortex of the suprarenal 
capsule and inflammatory reaction can also be seen in the kidneys, 
the hypophysis, and the thyroid gland. In animals the parasites 
have been seen in the testicular tubules, but they have not been 
noted in the human ovary. 
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Symptomatology.— 'i'Jiore are two principal varieties of the disease 
— ^the acute and the chronic. - 

In the acute stas^e the disease begins with a violent attack of fever 
in a young child or a new-comer into the district. This fever shows 
a morning remission and an evening rise, and is associated witli a 
palpable increase in the thyroid gland, adema (>f the face, in which 
characteristic crepitation can be fell by jialpation, enlargement of 
the lymphatic glands in various regions of the body, but especially 
of the neck; and fugitive adenias in different parts of the body as, 
for example, the forehead and extremities. The spleen enlarges 
and becomes painful, and the liver also becomes enlarged, and 



Fig. 6 .^ 2 .- — Neuroglia Cell of 
Brain distended to a Cyst and 
filled with Trypanosoma criizi, 
(X 2,000.) (After Vianna.) 


Fig. 643 . — Trypanosoma cruzi 

in a Neuroglia Cell of the 
Brain. (X 2,000.) 

(After Vianna.) 


there may be signs of meningitis, and also of albumen in the urine. 
After a time the attack of fever passes off, only to return after 
periodical intervals. During an attack the typical trypanosomes 
can be found in the blood, but during the apyrexial interval they 
are absent. After these attacks have lasted some time the child 
either dies, recovers, or passes into the chronic stage. 

In this chronic stage the children show signs of marked thyroiditis 
and loss of hair, with hypertrophy of the lymphatic glands, a dull 
expression, a peculiar bluish-bronze pallor, tachycardia, and in- 
testinal and nervous disorders, especially convulsions. 

Chagas has classified the various symptoms of the chronic stage 
of the disease into five subvarieties: — 
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1. The pscudo-myxoedcmatous form. 

2. Ihe myxcedematous form. 

3. The cardiac form. 

4. The nervous form. 

5. The chronic form with acute or subacute exacerbations. 

1. The Pseudo-Myxcedematoiis Form, — In this subvariety of the 
chronic stage there is usually hypertrophy of the lateral lobes of 
the thyroid gland, more rarely a globular enlargement of the central 
lobe. This hypertrophy is usually well marked in quite young 
children, but is by no means (wident in older children. In young 
children the face is thin and the skin of a peculiar light bronze colour, 
said to be quite different from the pallor of an auiemia. In older 
children the skin colour is violet-bronze. These coloarations arc 
believed to be associated with a parasitic invasion of the suprarenal 
capsule. 

There is enlargement of the lymphatic glands in the neck, axillae, 
and groins, while the parotid gland is also often hypertrophied. 

In young children the liver and spleen may be found to be 
enlarged, but in okha* cases the abdominal signs are not well marked. 

With regard to the circulatory s^^stem, tliere may be tachy- 
cardia, sinus irregularities, and an extra systole, and the blood- 
pressure may be lower. Convulsions have becai noted, and at times 
slight fever, while the occurrence of conjunctivitis is also recorded. 

2. The Myxeedematous Form. — In this form the thyroid gland is 
atrophied, and associated with the usual symptoins of myxoidema, 
such as the rough skin, loss of hair, and the presence of a firm 
oedema not pitting on pressure, together with an arrest of mental 
development in young cl\ildren, or a mental d(‘generation in older 
persons. The lymphatic glands of various regions are enlarged, 
and there may be infiammatory eye affections. 

3. The Cardiac Form. — In the cardiac form there is disturbance 
of the heart’s action associatedwith arrhythmia, allarrhythmia, extra 
systole, or sinus irregularities. The greater number of the cases 
would be classed under Mackenzie's ‘ Rhythmics nodalis.' 

4. The Nervous Form. — Various brain and spinal cord symptoms 
are seen in this disease — e.^., spastic paralysis in the legs, athetosis in 
the arms, aphasia, pseudo-bulbar paralysis, or suprabulbar paralysis. 
They are associated with the other symptoms of the disease. 

5. Acute or Subacute Exacerbations. — ^The principal feature of 
this form is the preponderance of fever, and this may be due to 
exacerbations of an old infecdon or to new infections. This form 
is the cause of much mortality, and is separated from the acute 
form by the rarity of the parasites in the blood, and by the history 
of the long duration of the illness. As a rule it occurs in patients 
who show marked hypertrophy of the thyroid gland, and there may 
also be signs of suprarenal insufficiency. 

Bloody — The hsematology has been investigated by Dias, who finds that 
the h^moleucocytic formula has a great similarity to that found in African 
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trypanosomiasis. As a rule, there is no globular anaemia, but there is a 
definite diminution in the haemoglobin and m the specific gravity. The 
icitcocytosis is iti the acute and exceptional in the chronic cases. Xn 

acute cases there is a inacrolyniphocytosis. , a • v 

Meiaholism . — Guerreiro, from careful experiments associated with unne 
analysis, concludes that there is a true liver insufficiency in most forms of the 
disease, but not in the cardiac form unless associated with other symptoms. 

SequelaB.— Chagas considers that infanUlism may be a sequel of 
the disease, especially as it is associated with hypothyroidism. 

Diagnosis. — The diagnosis must be effected by finding the para- 
site in the blood during a febrile attack. The disease is most likely 
to be confounded with ankylostomiasis, from which it can be 
recognized by the absence of the typical ova in the fares and the 
presence of 5. cruzi in the blood, though, of course, both infections 
may occur together. 

It niight also be mistaken for malaria during the febrile attack, 
especially as there is splenic enlargement, but tlie abseiici' of the 
malarial parasite and the presence of S. cruzi in the peripheral 
blood will enable a diagnosis to be made. 

In the chronic stage it may be mistaken for goitre, especially 
when the myxeedcanatous or pseudo-myxeedematous symptoms are 
present, and the diagnosis will depend upon the discovery of the 
parasite or the history. 

Prognosis, — The prognosis is most serious in the acute attacks 
and the acute or subacute exacerbations. The severer cardiac 
forms are also of grave import. 

Treatment. -T]i(‘ indications for trealment are the same as those 
for African trypanosomiasis, associated with treatment for hypo- 
thyroidism. 

Prophylaxis. -1 la* })rophyIaxis must aim at the prevention of the 
Lamus biting man. 
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CHAPTER XLVII 


THE KALA-AZARS AND PSEUDO-KALA- 

AZARS 

General — Tropical Rala-azar — ^Mediterranean Kala-azar — -The pscudo-kala- 
azars— Tropical febrile splenomegaly — Toxoplasmosis —Krempf’s spleno- 
megaly — Tropical afebrile splenomegaly- — References. 

GENERAL. 

The present chapter is devoted to those fevers which are known 
as the kala-azars and those allied conditions, tropical febrile spleno- 
megaly and tropical afebrile splenomegaly, which clinically resemble 
kala-azar, in one variety of which Castellani has obtained protozoal 
bodies from spleen wliich are classified, at present, in the genus 
Toxoplasma. 

With regard to tlie kala-azars, of which Koss has pointed out that 
the correct name is ‘ kala-jwar ’ — i.e., black or mortal sickness-— we 
have already in Chap!: er XTX., p- 3b9> pointed out that we consider 
that tropical kala-azar should be treated, at all events at present, 
separately from Mediterranean kala-azar, and this we shall do in 
the present chapter, although the general tendency of modern 
thought is to consider the two diseases to be identical. We invite 
the reader’s attention especially to the first half of Chapter XIX. > 
in so far as it deals with the Herpctomonincey and especially to the 
experimental work of Fantham and Porter (p. 3f^3)’ ns having 
a direct bearing upon the unknown method of infection of man 
with the germs of kala-azar. 

TROPICAL KALA-AZAR. 

Synonyms. — Indian Kala-Azar, Kala-Jwar, Kala-Dukh, Sirkari disease, 
Sahib’s disease, Dum-Dum fever, Non-malarial remittent fever, Cachectic 
fever, Tropical splenomegaly. Tropical Leishmaniasis, Internal Leishmaniasis. 

Definition. — Tropical kala-azar is a subacute or clironic febrile 
disorder characterized by splenic and often hepatic enlargement, 
progressive wasting and anxmia, and caused by Lei shmam a donovam 
R. Ross, 1003. The method of infection is unknown. 

History.— In 1869, when tlic district of the Garo hills was first 
occupied by the British, a disease believed to be a very severe lorni 
of malarial cachexia was found to be endemic. This disease tfie 
Garos called * kala-azar,’ which means the black fever, so named 
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from the appearance of the victims. In 1875 it began to spread, 
and became epidemic, and by its high death-rate attracted atten- 
tion. In 1882 the first account of the disease was published by 
Clarke from notes of 120 cases compiled by McNaught, the Civil 
Medical Officer of the district. In 1889, when it had spread into 
Assam, following the lines of human intercommunication, Giles 
investigated the epidemic, and concluded that it was ankylosto- 
miasis. In 1894 Stephens, in his yearly report, stated that the 
disease, though allied to, was distinct from malaria. In 1897 
Rogers reported that it was malarial, and this was further supported 
by Ross in 1899. In 1902 Bentley ascribed the disease to Micro- 
weeus melitcnsis, on the basis of serum reactions. 

Up to this point the history of the disease remarkably resembles 
the present history of blackwater fever. A change now comes 
over the jetiology, for, in 1900, Sir William Leishman found the para- 
sites already described under the heading Leishmania donovani in 
hlms taken post mortem from the spleen of a soldier who died in 
Nctley from fever contracted at Dum-Dum, but he did not publish 
this discovery till 1903. In July, 1903, Donovan observed the same 
parasite in blood obtained by s])lcnic puncture performed during 
life. In 1904 Christophers j)ublislied a valuable report on the 
parasite and the disease, and in the same year Rogers observed 
the develo})mcnt of the parasite into a flagellate organism when 
splenic blood was incubated at 22"’ C. in citrate of soda solution. 
In 1907 Patton showed that the pareisitc could be found in numbers 
lying ill leucocytes in the peripheral blood, and, further, that it 
became flagellated in tlu' alimentary canal of bugs. 

In 1904 Neave in Omdurman discovered the existence of this 
disease jn a child coming from the Bahr-cl-Ghazal province of the 
Anglo-Pvgyptian Sudan, and in the same year Philips in Cairo dis- 
covered it in two adults coming from the Yemen district of Arabia. 
In 1907 Pirrie, who had been working m the Sudan, died in England 
fiom kala-azar. In 1908 Cummins discovered a case contracted 
at Singa on the Blue Nile; Carroll recorded a second case from 
the same district, while Black met with two other cases; Bousheld 
recorded seven cases from the province of Kassala and one from 
Mafaza, and Ihomsoii and Marshall found forty-one new cases in 
children and adults along the Blue Nile towards Abyssinia, which 
forrns an endemic zone, which has been carefully studied by 
Archibald. It corresponds to the Blue Nile, Sennar, and Kassala 
districts, while the intection in one case of a womein is regarded as 
^ming from quite a different part of the Sudan- — i.e., from Um 
Kuaba near Talodi. Archibald has studied a small epidemic at 
Kurmok on the Abyssinian frontier. This Sudan kala-azar is 
peculiarly interesting because of i+s limited cndemicity (as far as is 
known) and by the peculiar features shown by Archibald to be 
associated with its parasite. 

In 1913 Gaspar Vianna introduced the intravenous injections 
of tartar emetic for the treatment of the American mucocutaneous 
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Leishmaniasis. According to Christopher son the drug was dis- 
covered by Basil Valentine in the sixteenth century, and accident- 
ally caused the death of several monks, and thus acquired its 
name antimony — i.e., anti-motne, against the monk. In 1914 
Castellani in Ceylon used this method combined with oral therapy 
for the treatment of tropical kala-azar. In 1915 Rogers treated 
cases 111 India in the same manner, and later in the same year Rogers 
and Hume administered this treatment to six cases of kala-azar in 
Europeans. Christopherson has successfully employed the same 
method in the Sudan; and this has now become the recognized 
method of treatment. 

In addition to the above, much work has been done by the Indian 
investigators, such as Mackie, Cornwall, and others, as well as by 
Manson, Low, Statham, and others. 

Climatology. — The disease is especially spia^ad through tlio tropics, 
but is unknown in Tropical America and Oceania. It is found in 
the Sudan, Arabia, India and Ceylon, Burma, Indo-China, and 
CJiina. 

etiology. — Kala-azar is caused by a herpetomoriad parasite 
called Leislimania clonovani R. Ross, 1903, described on pp. 369-370, 
which lives especially in the endothelial cells of bloodvessels and 
lymphatics, and is especially numerous in the spleen, the liver, and 
the bone-marrow, but is also found in other organs, such as the 
lungs and the kidney. Especially must be mentioned its presence 
in the mesenteric lymphatic glands, and in ulcers of the intestinal 
mucosa. 

It can also be found in mononuclear and polymorphonuclear 
leucocytes in the peripheral blood, but only occasionally, as at other 
times it is most dilhcult to find it in this situation. It also at times, 
but very rarely, lies in the hollow of the biconcave disc of a red 
blood cell, thus looking as tliough it was contained therein. The 
parasites have been cultured from the blood by using the N.N.N. 
medium. 

d'hey are most abundant in the blood towards the fatal end of the 
illness, and during fever or the presence of intestinal symptoms. 
Tliey are said to have been found in the motions during an attack 
of kala-azar dysenicry, and also in the scrapings from intestinal 
ulcers. They have also been found in papules and ulcers in the 
skin. 

As they occur in the peripheral blood and in the skin, it is possible 
that they may pass into the alimen' ary canal of some blood-sucking 
arthropod, but these animals are often naturally infected with 
flagellate parasites of the leptomonad, crithidial, and trypanosomal 
types, and therefore the mere finding of a flagellate in the interior 
of a blood-sucking arthropod which has been fed upon a man or 
animal infected with L. donovani is worthless from an atiological 
point of view. 

As they occur in the peripheral blood and in the intestinal mucosa, 
they can equally escape in the faeces in the form of cysts, and thus 
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get into water, from which they can be ingested by some aquatic 
arthropods, many of which naturally contain flagellates. 

The work of Laveraii and Franchini, of Fantham and Porter, has 
demonstrated that these naturat arthropodal parasites can by in- 
gestion or by inoculation produce a fatal illness resembling kala- 
azar in mammals. Archibald, experimenting with human kala-azar 
parasites in the Sudan, has shown that monkeys can be similarly 
infected by feeding with kala-azar material, and this, together with 
the curious endemicity of the disease in the Sudan, and with Laveran, 
rranchmi, hantham, and Porter’s researches, make the possibility 
of ^^isider?^^'^ cysts from infected arthropods to man worthy 

tli,f will be clear that, though the parasite is known, 
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bone-marrow, as well as the ulceration of the skin and intestinal 
mucosa, because sometimes, and in an inconstant manner, it can 
produce a reaction on the part of tlic body, as is seen in the formation 

spocific precipitins, inconstant in presence 
and feeble in action, and useless from a diagnostic point of view, 
as is complement deviation. At the commencement of the infection 
there appears to be generally an attempt to produce an immunity, 
and it is this which produces the rare natural cure in man. It may 
be the cause of the refrac- 


tory nature of certain 
animals to the disease and 
the limitation of infection 
in endemic communities. 
After the infection has 
obtained its hold on the 
body as a rule the struggle 
for immunity becomes less 
and less, and disappears 
eventually. 

By some means or other 
the parasite irritates the 
organ it infects, causing 
marked changes in the 
spleen, liver, and bone- 
marrow, and also causing 
ulceration of the intestine 
and skin. 

The Blood. — The exam- 
ination of the blood is 
most important because, 
firstly, the parasite may be 
found in a leucocyte if 
carefully looked for, even 
in the early stages of the 
disease; secondlv, the leu- 



cocytic changes are of the F,g. 644.— Indian Kala-Azar. 

utmost importance. There t,u i- . • x t i 1 xi 

, f . ^ The aistcnsion of the abdomen by the 

IS maiked ailcemia- 54’^ greatly enlarged spleen should be noted. 

per cent, of Rogers’ cases (Photograph of a case in the Tropical 

giving from 4,000,000 to Clinic, Colombo.) 

2,500,000 corpuscles per 

cubic millimetre — and the luemoglobin is reduced in propor- 
tion to the erythrocytes, the colour-index being normal. There 
is a most marked leucopenia, and Rogers reports that in 42 t per 
cent, of his cases the leucocytes were 1,000 or less, in 30-3 per 
cent. 1,000 to 2,000, and in 22*6 per cent. 2,000 to 3,000. The 
proportion of white to red, according to the same author, is 
less than i : 1,500 in 67*9 per cent., or, if inflammatory cases are 
excluded, in nearly 90 per cent, of the cases he examined. There 
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is a reduction in the polymorphonuclear leucocytes and in the 
eosinophiles, and an increase in the mononuclear leucocytes and 
lymphocytes. The diminution of the polymorphonuclear leucocytes 
is thought to explain the tendency to bacterial infections. The 
coagulability of the blood is decreased, which explains the tendency 
to iKemorrhage.and renders occasionally splenic puncture dangerous. 
The alkalinity of the blood has been shown by Archibald to be 
diminislied — a fact which may be of some secondary diagnostic 
importance. 

The Urine . — The urine in our cases did not show anything ab- 
normal. 

Morbid Anatomy. — ^I'he body is much emaciated, and there is 
marked muscular atrophy, together with cedema, enlargement of 
tlie spleen, and often of the liver, ulceration of the skin and intestine, 
sometimes luemorrhage in various places, and generally the ])resencc 
of some complication. The spleen is greatly enlargc'd, him, and 
deep red in colour, though it may at times show malarial pigment. 



Fig. G45.— Tempekature Chart of Kala-Azar from a Sudan Case. 
(After Cliristoplicrson.) 

4-, Leishman bodies found; XX XX, injection of tartar emetic. 


The capsule and septa are thickened, and tlie whole organ is con- 
gested with blood, and contains numerous mononuclear cells and 
macrophages full of parasites. 

In the liver, which may or may not be enlarged, the most marked 
changes are in the intralobular catiillaries, which are dilated and 
contain macrophages, derived from tlndr endothelial wall, full of 
parasites, while the liver cells are atrophied and degenerated. 
Cirrhosis has been noted in some cases. 

The bone-marrow contains numerous parasites in the usual cells, 
and, as in malaria, the yellow marrow is converted into red, and is 
soft and diffluent. The skin may show papules and ulcers, in which 
the parasites can be found, while the colon is often ulcerated, or 
shows the cicatrices of old ulcers. 

Symptomatology — Incubation . — ^'llie incubation period appears 
to be very variable, and, indeed, it is difficult, in a chronic disease 
of this nature, to decide when it first begins. It is said to range from 
ten days to three weeks or several months. 
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Onset . — The onset may be heralded by a rigor, which may be 
repeated daily, and by an attack of irregular, high, remittent fever, 
which may early show two remissions per diem in a four-hourly 
temperature chart. This double remission is considered by Rogers 
to be almost diagnostic of the disease. Towards the end of the t bird 
to sixth week of the fever the temperature declines, and the initial 
stage of the disease may be said to have terminated. During this 
period, however, the spleen and liver will have enlarged, and may 
be both painful and tender. Headache is present at times, but is 
not severe. Nausea and vomiting are unusual, while the bowels arc 
regular, and there is no abdominal distension. Tlu‘ pulse may be 
slow or quick. 

The attack, however, may begin with a continuous fever, which 
shows two fluctuations in the twenty-four hours, whicli Rogers 
considers as almost diagnostic of the disease. In other cases the 
disease may begin with gastro-intestinal disturbances or with 
dysenteric symptoms, or quietly, without any meirkcd initial stage, 
the patient gradually developing an enlarged liver and spleen, anjemia 
and weakness. 

Course . — ^'fhc course of the disease, after the decline of the tem- 
perature, is marked by what is called an apyrexial interval; but it 
appears that — in some cases, at all events — ^there is a slight daily 
rise of temperature, not exceeding lOo'' F. After some weeks this 
apyrexial interval ends in an attack of fever resembling the onset. 
Periods of apyrexia and pyrexia now aliernate with one another, 
while the spleen, and sometimes th(‘ liver, enlarge. Amemia com- 
mences and increases, while asthenia not merely a])pears,but deepens, 
until the wretched patient presents the typical appearance, which 
may be described as follows: —He is thin and wasted, with the abdo- 
men much swollen and protuberant, the chest so thin that the ribs 
show clearly, the arms and legs wasted, the checks sunken, the nose 
sharp, and the ankles puffy, while the skin and tongue are often 
distinctly darker than they should be, the former being fur- 
furaceous. 

On examining the swollen abdomen, the enlarged spleen may be 
felt reaching almost to the pelvis, while the enlargement of the 
liver may be marked or may be absent. In this condition intestinal 
disturbances in the form of diarrlnca or dysenteric attacks are 
common, and may be due to the actual disease or to complication 
with true dysentery. Dyspeptic symptoms may also be present. 

Haemorrhages may occur from the nose, the gums, the stomach, 
the bowels, or under the skin. Papular eruptions are to be seen, 
especially on the thighs, and ulcers may be present. The weakened, 
emeiciated patient may now die of asthenia, but more usually the 
long-drawn-out illness is brought to a close by some complication. 
The total duration varies from about seven months to two years, 
and generally ends fatally. 

Complications. — It appears as though the reduction in the number 
of the polymorphonuclear leucocytes laid the patient open to in- 



1296 THE KALA-AZARS AND PSEUDO^KALA-AZARS 

vasion by pathogenic bacteria, for septic infections, such as cancrum 
oris, or lung infections — for example, pneumonia, phthisis, and 
pleurisy — or abdominal troubles of the nature of diarrhoea, dysen- 
tery, and cystitis, arc not uncommonly met with, and may cause 
the death of the patient. Sometimes, after a severe attack of 
septicaemia or some other complication, the disease is found to be 
cured, but this is rare. 

Diagnosis.— The only certain method of diagnosis is to find the 
parasite, and as Donovan and Patton have reported its frequent 
occurrence, even in early stages, in the peripheral blood, this should 
be possible, especially if aided by dilution with normal saline 
solution, and centrifugalization and examination of the leucocytes, 
fu our experience, the search for the parasite in the leucocytes of 
tile peripheral blood requires an extremely long time, and is often 
negative. If the parasites cannot be found in the blood, an attempt 
may be made to find tliem by the examination of the exudate 
obtained by exciting artificial pustulation of the skin by some 
irritant, as suggested by Cummins. Failing this, there is puncture 
of the spleen or of the liver, and withdrawal of blood, which 
can be examined by the microscope. The diagnostic puncture 
(T the spleen in the tropics is, however, not to be undertaken 
lightly, beceiuse splenic enlargement due to leukaemia is by no means 
unknown, and puncture of the spleen in this disease, or, indeed, 
in that of chronic malaria, may lead to most unfortunate results! 
The blood of the ])eripheral circulation should therefore be examined 
to exclude leiika'inia. 

Certainly, the first thing to do is to examine the peri])heral blood 
and exchuh* leuka*mia. Secondly, the coagukibiliiy of the blood 
should hv tested by Wright’s method, and if found to be decreased, 
th(^ j)uuclure should not be })erformed. Thirdly, if the puncture 
is to be carried out, the liver should be chosen for exploration, not 
the spleen, particularly in the later stages, in which luemorrhages 
are to be feared. In the early stages there may not be so much 
risk, but it must be done with the greatest care, aseptically, and the 
pati(‘nt must be kept at rest for some time afterwards, the site of 
puncture being covered with an aseptic pad and a firm ])andage. 

I he syringe should Ix' sterile, and perfectly dty, Rogers rcc( m- 
mends that a dose of 30 grains of calcium chloride in a couple of 
ounces of water be administered directly after a puncture, in order 
to promote coagulability of the blood. Attdupts at cultivation 
from the blood and inoculations into susceptible animals may also 
help, rats and monkeys being used by preference. 

Dilferential Diagnosis. — In the early stages tlie diagnosis has to be 
principally made from acute malaria and typhoid, when the positive 
signs in favour of kala-azar are:— (i) Presence of the characteristic 
daily double remission of the fever; (2) absence of constitutional 
symptoms, proportional to the severity of the fever; (3) absence of 
malarial parasites and Widal's reaction, though, of course, the latter 
reaction is negative in true typhoid during the first week; (4) marked 
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enlargement of the spleen; (5) great leucopenia, especially in rela- 
tion to the erythrocytes, which, however, may also be found in 
typhoid and malaria; (6) increase in mononuclear leucocytes; 
(7) presence of Leishmania donovani in the leucocytes. 

In advanced cases the diagnosis has to be made from malarial 
cachexia and ankylostomiasis by (i) the presence of Leishmania 
donovani in the leucocytes of the peripheral blood, or in the juice 
from the liver and spleen; (2) by the absence of the typical febrile 
attacks of subtertian or tertian fever; (3) by the absence during 
the febrile attack of malarial parasites; (4) by the absence of 
ancylostomes, or, if they are present, by the continuation of the 
symptoms after their expulsion. Mixed infections of kala-azar 
and malaria may occur. 

Prognosis.- — The prognosis is much less serious than beiore the 
introduction of the tartar emetic treatment. Formerly the mor- 
tality was about 98 per cent. It is true that some people recover after 
having nearly died from a complication, or, more rarely, without 
this episode, but why they recover is not known. 

Lcucocytosis and increase of the polymorphonuclears are con- 
sidered to be good signs, while Icucopcnia and polymorphonuclear 
decrease are bad signs. Complications, of course, increase as a 
rule the gravity of the prognosis. 

Treatment — Essential Treatment . — As soon as a diagnosis is 
made give tartar emetic either — 

[a) Intravenously (this is the metliod to be preferred) ; 

[h] Intramuscularly; 

ic) ( 3 rally combined witli {a) or [h). 

Intravenously . — Give 2-10 cubic centimetres of a sterile i per cent, 
solution in warm normal saline solution daily for five to ten days, 
and then every other day, and finally twice a week. This is the best 
method of treatment. 

Dose for Children . — This is as follows: — 


Intravenous Dosage of i per Cent. Tartar Emetic. 


1 

Age. 

Dose. 

Number. 

Under one year . , 

J-i c.c. 

One daily for seven days. 

One to five years 

1-3 c.c. 

Ditto. 

Five to ten years 

1-5 c.c. 

Ditto. 

Ten to sixteen years 

if 8 e.c. 

Ditto. 


Important . — The sterilization of the tartar emetic solution must 
be made in flowing steam on two or three consecutive days, and must 
not be performed in an autoclave, in which the drug is liable to 
decomposition and may then cause serious symptoms. Some 
authorities advise using a solution merely filtered through a 
Chamberland filter. One of us has used a solution containing \ per 

82 
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cent. carboliC; which in practice renders unnecessary a sterilization 
by heating. 

Intramuscularly. --Inix3.m\iscn\^.r injections are painful and often become 
inflamed. The following solution may be used 


Tartrate of antimony . . . . . . 8 grains. 

Carbolic acid . . . . • • • • 10 minims. 

Glycerine 3 drachms. 

Bicarbonate of sodium .. .. •• grain. 

Distilled water . . . . . . . . i ounce. 


The dose is |-i cubic centimetre every other day injected intramuscularly 
into the gluteal region. 


Marti ndale’s formula may also be used 
Antimonii oxidi 
Glycerin.) 

Aq. dost./ 

One ampoule. 


aa TT]xv. 


Combined . — Oral administration may be combined with intravenous or 
intramuscular injections. The following mixture may be given: — 

Tartrate of antimony . . . . • • 5 grains. 


Bicarbonate of sodium 
Glycerine . . 
Chloroform water . . 
Water 


30 grains. 

I ounce. 

I ounce, 
to 3 ounces. 


The dose is one to two teaspoonfuls in water three times a day. 

Rogers regards sodium antimonyl tartrate, given intravenously, as being 
mor(^ efficacious tlian tartar emetic. Colloidal antimonial preparations have 
been recommended. 


Symptomatic Treatment. — Haemorrhagic symptoms may be treated 
l)y calcium lactate in lo-grain doses twice or three times a day. 
Diarrhaa may be combated by bismuth subnitrate in 10-12 grain 
doses, with or without 5-10 grains of salol, every four to six hours, 
as may be iT'.quired. Intestinal parasites shoulcl be looked for and 
treated as ])r escribed in the cha])ters pertaining to the different 
forms. The heart must be watched and cardiac tonics or saline 
injections given if required [vide Treatment of Malaria, p. 1188). 

General Treatment. — The patient should be ke])! in bed and well 
nursed during this treatment. 

Diet. — ^^riic diet should be good and nourishing, but if there is much 
diarrhena it is necessary to restrict it to milk, Benger's food and Ihe 
like, soups, etc. 

Prophylaxis. — As the method of infection is unknown, all that 
can be done is firstly to segrcguite the sick and carefully disinfect 
his mot ions, as well as protect him against blood-sucking arthro])ods. 
Secondly, to remove the healthy from the infected area, and to 
disinfect or destroy the clothing, furniture, and houses, while a 
complete change of the drinking-water supply is essential. If this 
latter cannot be done and the water-supply is a well, it may be 
sterilized by blowing in steam, as in the case of prophylaxis against 
the guinea-worm (p. 1971) ; or if this cannot be done, the simple boil- 
ing of all drinking-water should be carried out. It does not appear 
probable that infection comes about via unbroken skin. 
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MEDITERRANEAN KALA-AZAR. 

Synonyms. — Infantile kala-azar, Infantile leishmaniasis, Mediterranean 
leishmaniasis, Febrile splenic anaemia (Fede), Anamia infantum a Leish- 
mania (Pianese), Leishmania ancemia (Jemma and di Cristina), Marda tal biccia 
(Malta), Ponos (Greece), Malattia da mensa (Sicily). 

Definition. — ^Mediterranean kala-azar is a subacute or chronic 
specific disease due to Leishmania infantum Nicolle, and clinically 
closely resembling tropical kala-azar, but occurring in temperate or 
subtropical climates. 

Historical. — ^Fede several years ago described in Italy a form of 
splenic anaemia among young children characterized by irregular 
fever, progressive anaemia, and a fatal ending. He considered it a 
disease by itself, separating it from the non-febrile type of splenic 
anaemia. In i9v:/4 Laveran and Cathoire found a Leishmania in 
films from the spleen of a child who had died of an ill-defined disease 
in Tunisia. Pianese in 1905 called attention to the similarity of the 
symptoms of Fede’s splenic anaemia with kala-azar, and described 
parasitic bodies in the spleen of the affected children morpliologi- 
cally identical with Leishmania donovani. Lat r Nicolle suggested 
for the disease tlio name of ‘ infantile kala-azar,' and completed 
the study of the parasite, which he called Leishmania infantum. 
Gabbi considers the disease to be identical with tropical kala-azar, 
having found it also among adults. A fuller account of the history 
will be found on p. 373- 

Cristina and Caronia in 1915 applied lo this complaint Vianna’s 
tartar emetic treatment for American muco-cutaneous leishmaniasis. 

Climatology. — ^The malady is met with in Southern Europe, in 
the northern regions of Africa, and perhaps Egypt. Future in- 
vestigations will probably slum that it is endemic in many countries, 

.ffitiology. — ^^riie malady is due io Leishmania infanlum Nicolle. 
The description of this parasite will be found on p. 373- Nicolle 
has succeeded in reproducing the disease in monkeys, and less 
typically in dogs, lie has also found that dogs may be spon- 
taneously affected with a leishmania; in fact, in his opinion, the 
dog acts as a reservoir of L. infantum, and its ectoparasites, such as 
fleas, may possibly serve as the transmitting agents to human beings. 
These views have been tested experimentally by Basile, but to-day 
doubt is cast upon canine leishmaniasis being the same disease as 
that in man, and the flea infection of man is also considered to be 
doubtful. 

The majority of the cases occur in young children of two to three 
years of age, among whom there is a slight preponderance of males. 
The disease sometimes occurs in more than one member of a family, 
and more often begins in the spring or early summer. 

Pathology. — The pathology has been carefully studied by Pianese, 
who finds that the post-mortem lesions are similar to those observed 
in Indian kala-azar, the spleen and liver being greatly enlarged. 
Microscopically, there is great increase of the lymphoid tissue in 
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the spleen and hypertrophy of the islands of Langcrhans in the 
pancreas. In the bone-marrow there is liyperproduction of the 

myeloid and lymphoid tissues. , . . • -j- 

Symptomatology — Onsel. — ^I'he disease begins in a very insidious 
manner, and is usually first noticed when the child has some dis- 
turbance of the alimentary canal, such as an attack of vomiting 
and diarrhoea, when the spleen may or may not be found to be 
enlarged; and as the child is aiijemic and has a very irregular fever, 
the complaint is wont to be diagnosed as malaria, especially as 
some seizures are apt to come on suddenly, and to be associated with 
rigors. 

The child becomes pale, ceases to be interested in its games, and 
suffers from attacks of diarrha:a alternating with periods of con- 
stipation, from attacks of irregular fever separated by apyrexial 
intervals, and from epistaxis. 



UiG, 646. — Leislimania infantum Fig. 647. — Child suffering from 
Nicolle, Infantile Kala-Azar. 

(After Marzinowsky.) (After Marzinowsky.) 


Course. — Aft('r the above symptoms have lasted some time, the 
spleen begins to enlarge, and presently protrudes from under cover 
of the ribs ; t he attacks of fever become more marked ; hccmorrhagt'S 
from the nose and gums and into the skin are seen, and the diarrhceic 
or dysenteric attacks bc^come pronounced. The child now wastes 
and becomes progressiv(‘ly anternic ; the face, conjunctiva, and whole 
body taking a peculiar wliite tinge, and the disease may b(' said to 
be fully established. 

With regard to the special symptoms, the fever is very irregular, 
with exacerbations sometimes twice a day— in the morning and in 
the evening — and sometimes several times a day. High tempera- 
tures at times appear in cycles, or there may be sudden falls to 
subnormal temperatures. 

The alimentary canal is always disturbed, but the appetite is 
preserved, and may even be increased, although the little patient 
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is suffering from alternate attacks of diarrhoea and constipation ; but 
this is not always so, and some observers have recorded anorexia. 
The motions may be very foul, containing undigested food, and at 
times blood and mucus. Ulcerative stomatitis, and even noma, 
may occur, and the last may appear on the face or cn the genitalia. 
Noma appears to be not uncommon in Greece. 

The spleen, as stated above, is always enlarged from the time 
of the full establishment of tlie symptoms, but this enlargement is 
not stationary. On the contrary, it steadily increases until an enor- 
mous size is sometimes reached, so that it fills the left side of the 
abdomen and projects across tlie median line into the right half, 
causing the abdomen to bulgii and become prominent. On palpa- 
tion it is found to move, and notches may be felt through the 
attenuated abdominal wall. It moves with the respiratory move- 
ments, and may be altered in position from side to side, and up and 
down by manipiihition. Tliere is not, however, any constant rela- 
tionship between the progress of the disease and the size of the spleen. 
Jemma, Di Cristina, and Critien stale that it diminishes with a 
persistent and ])rofusc diarrlnea, es})ccially dm mg tlie last few days 
of life. 

Tliere is not always a concord between the temperature and the 
pulse-rate; on the contrary, the latter is almost constantly rapid, 
even during the apyrexial intervals, but may rise to 150 to 160 beats 
per minute during attacks of fever. Haiinic murmurs may occur 
over the heart, l)ut are rare. The blood is pale, and shows a decrease 
in the number of erythrocytes (1,500,000 to 3,000,000), and in 
the luenioglobiii (below 50 per cent.), which, however, is reduced 
in proportion to the red corpuscles; and also in the leucocytes 
(1,500 to 3,000), though the leucocytic formula is mononuclear (70 
to 80 per cent.), being especially composed of medium-sized cells. 
The mononuclears are increased at the expense of the polymorpho- 
nuclear cells, which make uj) the remaining 20 to 30 per cent. 
There is usually some poikilocytosis and anisocytosis, but nucleated 
cells are rare or absent. The o])sonic index is diminished below 
that which is normal for a healthy child, and is especially low for 
Bacillus coli communis, which is held to be responsible for the 
frequency of the intestinal symptoms. Gi^demas of the face, hands, 
genitalia, and feet, coming on suddenly and disappearing suddenly, 
are not unusual; they have a tendency to bilateral symmetry, but 
are influenced by the position of the patient, and may occur at any 
stage of the disease. At times they arc painful and may show signs 
of inflammation. 

The liver is very generally enlarged, but to a much less extent than 
the spleen. On palpation, its edge is felt to be smooth and hard, 
and is not tender. 

As the spleen and liver enlarge, the abdomen also enlarges and 
becomes prominent, while the superficial veins may stand out 
distinctly, and there may be a slight degree of ascites at times. 

The urine is usually normal, but there may be slight signs of albu- 
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minuria. or a decrease in the output of men. The lymphatic gJands 
are as a. rule not enlarged. i •u j . r. xi 

The mental and physical activity of the child deci cases as the 
disease progresses; it emaciates, and becomes extremely pallid, 
thereby assuming a prematurely aged appearance. J he bones 
become evident, especiaUy the ribs and shoulder-blades, and the 
child dies from exhaustion, often due to an attack ol dysentery or 
diarrhoea. Spontaneous recovery may take place, but this is rare. 

Complications.-- Respiratory complications are not unusual. 
Bronchitis is common, while broncho-pneumonia and pleurisy may 
occur, as may a rapidly developing fatal dyspnoea, which is prob- 
ably due to oedema of the glottis. Perhaps noma, as already men- 
tioned, is a fairly common complication in Italy and Greece, and 
should come in this place as a complication ratlicr than a symptom 
of the disease. Otitis media has been recorded not merely as a 
complication, but also as a cause of death. Ankylostomiasis asso- 
ciated with lipiiria has been recorded as a complication. 

Diagnosis. — ^I'he symptoms more or less closely resemble those of 
kala-azar, but differ in that this disease occurs in children and is in- 
oculable into dogs, while kala-azar occurs mostly in young adults and 
is with difficulty inoculable into dogs. The temperature chart may 
resemble that of kala-azar, but is generally more irregular. The 
characteristic clinical symptoms of the disease are the enlarged 
spleen, the irregular fever, and the pallor occurring in a child. The 
essential feature in the diagnosis is the parasite, which may be 
obtained by splenic puncture, by liver puncture, by examination 
of the bone-marrow obtained by a modified trocar and cannula, 
as designed by Caccioppoli, to which a Potain's aspirator with a 
strong jiump is attached; rarely by blood examination. Other 
methods are by vesication and examination of the fluid; and by 
lumbar puncture, if there are cerebral symptoms. 

Having obtained the splenic or hepatic pulp, etc., the diagnosis 
may be made by microscopical examinations and by cultivation 
on the medium devised by Novy and McNeil, and modified by 
Nicolle, usually known as the N.N.N. medium (p- 377). 


It lias been suggested by Cochrane that removal of one of the post-cervical 
lymphatic glands might be adopted as a diagnostic method. The removed 
gland is cut, and a smear made, when numerous parasites may be seen. Tliis 
method is said to be the most certain means of diagnosis. It is recommended 
that the glands be removed under the influence of a local anaesthetic. 


Differential Diagnosis.— The differential diagnosis has to be made 
from kala-azar, undulant fever, enteric fever, malaria, other forms 
of ^lenic anaemia, and syphilis. 

Kala-Azar.— -This fever occurs in adults, and is characterized by 
the double daily rise of the temperature, and by the difficulty of 
successful inoculation into dogs. In this disease' the spleen is not 
.so markedly enlarged. 

Undulant Fever.— In contrast to undulant fever, in infantile kala- 
azar the temperature is much less regular, never showing a typical 
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undulating type; the enlargement of the spleen is much greater; the 
articular symptoms are lacking, and Wright's agglutination test is 
negative. 

Enteric Fever . — -From enteric, infantile kala-azar differs by the 
splenomegaly, by the irregular fever, by the absence of Widal s 
reaction. 

Malaria. —The absence of the typical blood parasites, and the 
fact that quinine has no influence on the irregular fever, are points 
of diagnostic value. 

Other Forms of Splenic Ancemia . — ^^From the splenomedullary 
leukaemia, infantile kala-azar is distinguished by the leucopenia; 
from syphilitic splenomegaly, by the history and inutility of mercury 
and salvarsan; from the various types of infantile afebrile "'pleno- 
megaly, by the fever and the presence of the parasite; from the 
splenomegaly found in rickety children, by the absence of deformity 
of the bones and by microscopical examination. 

Prognosis. — ^'fhe prognosis is much more favourable since the 
introduction of the tartar emetic treatment, the mortality having 
been reduced from 90 per cent, to less than 20 per cent. 

Treatment. — ^This is the same as for tropical kerla-azar (p. 1297). 
Prophylaxis. — -As canine leishmaniasis (p. 377) is now considered 
to be a separate disease, and as the flea is doubtful as an infective 
agent, prophylaxis cannot be advised until more is known as to the 
method of infection, but tlie suggestions made under the heading of 
Tropical Kala-Azar may perhaps be applicable, and in any case 
it is unnecessary to keep dogs and fleas in a house. 

Basile has suthciently indicated the possibilities of this method 
of infection being correct to make the simple methods of prophy- 
laxis of siicli a fatal disease imperative even before the full proof 
of the researches lias been obtained. 

THE PSEUDO-KALA-A7ARS. 

These are febrile and afebrile diseases which resemble kala-azar in 
that they are associated with splenomegaly, anaemia, and often 
emaciation. They can be divided into : — 

ITopical febrile splenomegaly. 

Toxoplasmosis. 

Krempf's splenomegaly. 

Tropical afebrile splenomegaly, 

TROPICAL FEBRILE SPLENOMEGALY. 

Synonyms. — Tropical splenomegaly, Pseudo-kala-azar, Esplenomegalia 
tropical (Columbia), Wenku (Karonga), Gobora or Tebi (New Guinea). 

Definition. — ^A chronic irregular febrile disorder of unknown 
causation, cliaracterized by splenic hypertrophy and gastro-intes- 
tinal disturbance, followed by emaciation. 

History. — form of febrile splenomegaly resernbling kala-azar 
has been long known in the tropics; but the typical parasites of 
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that infection cannot be found either during life or after death. 
Though well hnown, there is but little literature upon the subject. 
Woolley Arst gave an excellent account of the disease as seen in 
the Philippine Islands, and Day and Ferguson as seen in Egypt. We 
have repeatedly in local publications called attention to the disease 
in Ceylon. Gabbi has ably described the disease in Italy, and so has 
Leys, in 1917, b'om Karongo, and it is probably tlie same disease 
as that described by Breinl, in 1915, in New Guinea. In 1916 
Spagnolio recorded cases from Calabria and vSicily. 

In one form of this complaint (p- I 3 ^h 5 ) Castellani has found 
protozoal bodies, Toxoplasma pyroxenes , which may be causal 
{vide p. 490), but there may be many varieties of the disease. 

Climatology.” -The disease has been reported from India, Ceylon, 
China, the Philippines, Egypt, Arabia, Turns, Algiers, the Belgian 
Congo, Italy, and South America. 

JEtioiogy , — The causation of the disease is quite unknown. 
Gabbi suggests that it may be a filterable virus. 

Pathology. — Ft is tliought probable that the disease may be a 
primary ijifection of tlie alimentary canal, and that the fibrosis is 
secondary, but wc would rather distinguish this from the ordinary 
forms of ])olyftbrosis, and would consider that the scat of the dis- 
order was in the spleen and liver, and that the alimentary canal 
signs were secondary. 

Morbid Anatomy. — On post-mortem examination, the body is 
seen to be emaciated as a rule, but there may be cedema of the feet 


and legs, and there may be ascites if the liver is seriously affected. 
Upon optuiing the abdomen, the principal object of interest is the 
extremely enlargf^d firm spleen. The liver may be enlarged and 
smooth, and docs not show the hobnailed appearance of alcoholic 
cirrhosis, while tlie lymphatic glands in various regions of the body 
may be slightly enlarged. The intestines show signs of catarrhal or 
ulcerative ent erit is. The bone-marrow is diffluent and pale in colour. 
Hexunorrhages may at times be found in different parts of the body. 
Microscopical examination reveals hyperplasia of the lymphoid 
elements of the spleen, associated with hyperplasia of the fibrous 
tissue, dilatation of the vascular sinuses, and sometimes hxmor- 
rhages. 1 he microscopic examination of the liver shows the usual 
appearances of monolobiilar and polylobular cirrhosis. The bone- 


marrow IS seen to be congested and haemorrhagic, and the hyaline 
cells arc increased, while the granular cells are reduced. 

Symptomatology. — The onset of the disease is quite gradual and 
unnoticed by the patient, although at times a history of diarrhoea, 
dysentery, or of attacks of fever may be obtained. Usually the 
patient comes to tlie hospital complaining of weakness and vague 
rheumatic pains, although he may come in the later stages because 
of the ascites. On examination, the paTient is found to be more or 
less emaciated, and to have a large firm spleen projecting from 
under the ribs, and sometimes making a considerable protuberance 
of the thin abdominal wall. The amount of anaemia is usually not ex- 
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treme, the average number of red corpuscles being between 2,500,000 
and 3,500,000, while microcytes, megalocytes, and polychromato- 
philia are not unusual. The leucocytes are more or less normal. 
Frequently there is some fever of an irregular type, and there may be 
exacerbations, and at times there may be a double remission similar 
to that found in kala-azar ; but there may be long periods of apyrexia. 
In addition, in a few cases there may be all the signs and symptoms 
of cirrhosis of the liver, with the abdomen distended from ascites. 

By some authorities the disease has been subdivided into two 
stages — the first or splenic stage before, and the second or hepatic 
stage after, the hepatic cirrhosis. The first may last for many years, 
but the latter is much shorter, lasting a variable number of months, 
and ending fatedly by the patient passing into a condition of coma, 
sometimes accompanied by jaundice. Death in the first stage is, 
in our experience, not rare, and may be due to haemorrhages or 
exliaustion. 

Complications. — Pregnancy is a serious complication, and may 
hasten the end, even after the child has been born. Ankylosto- 
miasis and other parasitic diseases may occur aiong with tropical 
febrile splenomegaly. 

Diagnosis.— The leading features of the disease are the great 
enlargement of tlic spleen, associated with wasting and irregular 
fever, in people in whom examination fails to reveal any obvious 
parasitic cause. I'ropical febrile splenomegaly must be differ- 
entiated from kala-azar by the absence of Lcishmania donovani in 
the spleen pulp as obtained by puncture. It can also be distin- 
guished from chronic malaria by the absence of the typical parasites 
or pigment from the splenic juice, and from cirrhosis of the liver 
by the presence of the enlarged spleen. From leuktcmia it is easily 
distinguished by the absence of a leucocytosis. From infantile 
kala-azar it may be distinguished by the absence of Lxishmania 
infantum, as seen in the splenic juice. The disease can be dis- 
tinguished from Banti’s disease by the febrile attacks, and appar- 
ently splenic removal does not effect a cure. 

Prognosis. — The illness is very chronic, but the prognosis is bad, 
as no cure is at present possible, and the patient tends to go from 
bad to worse. 

Treatment. — Arsenical injections are the most valuable, and sal- 
varsan may be tried. Removal from the endemic area is advisable. 

Prophylaxis. — ^As the aetiology is unknown, nothing can be said 
under this heading. 

TOXOPLASMOSIS. 

In 1913 Castellani recorded a case of splenomegaly associated 
with fever of long standing and terminating fatally, in which he had 
found protozoal bodies which eventually received the name Toxo- 
plasma pyrogenes Castellani, 1913 (vide p. 49^>). 

Morbid Anatomy. — ^The body was much emaciated, and the 
principal feature was the greatly enlarged, smooth, not very hard 
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spleen, which was reddish in colour. No malarial parasites could 
be found, but there were some light yellowish pigment granules, 
quite different from malarial pigment. 

Toxoplasma Pyrogenes. — ^This was rarely found in the blood, 
but was abundant in the spleen. (For a description, see p. 490.) 

Symptomatology. — ^The fever starts in youth and lasts many years, 
defying all treatment. In character it is intermittent, reaching 
103° to 105° F. at times. The attacks of fever do not start with 
shivering, and the fall is not associated with sweating. The spleen 
IS much enlarged and hard, while the liver is also enlarged, but 
neitlier organ is tender on pressure. All the other organs arc 
there is no enlargement of the lymphatic glands. 

Blood Counts. The red blood-corpuscles in an advanced case 
number 2,000,000, the leucocytes 5.200 per c.mm. A few nucleat ed 
red cells are present, and basophilia and chromatophilia are marked, 
ine leucocytic count is as follows: — Polymorphonuclear leucocytes, 
50 per cent. ; lymphocytes, 40 per cent.; large mononucleurs, 7 per 
cent.; eosiiiophiles, 3 per cent.; haemoglobin, 30 per cent. 

No mahirial parasites could be found, and the serum reactions 
the paratyphoids, and Malta fever, were absent. 

1 he urine sometimes contained a trace of albumen. 

c^'^se grew gradually worse, emaciation set in, and 
the patient died. 

. '^*’®^^^®^f-“yQuinine was given by the mouth and intramuscularlv 
in doses of 30-60 grains a day without effect. 


KREMPF'S SPLENOMEGALY. 

In 1917 Krempf de.scribcd a case of splenomegaly in a young 
Elimaman. He suffered from a malarial infection, and stated that 
ni Ills village near Tientsin splenomegaly was frequently observe d 
in both se.Nces and at all ages. 

On making a splenic puncture, Krempf found bodies either cn- 
c osec in red cells or free in the plasma. They were only found in 
the spleen. 

The red cells were deformed and contained a capsule 10 X 5 microns 
Ih lay a vermicular sporont often curved like 

eietter u. Extreicted from ared corpuscle, these bodies measured 
20 X 1*5 microns. 

piese bodies we^re believed to be the sporonts of a h?emogregarinc, 
0 rfi named Ha^mogr czarina hominis Krempf, JCjiy. No 

further history of the case is given. i ^ J / 

two examining the blood of a lady who had resided for 

gregarinro II th^t some rod cells contained a heemo- 

haif ntr n which differed from Krempf 's parasite bv 

ireearlna lT^e at^^^ not vormic^.lar shape. Haubaud has /ameS it 

or sXen enlargement of the liver 

or spleen. The blood, however, showed a marked monoLcleosis. 

AFEBRILE SPLENOMEGALY. 

Synonym, — Pseudo-Banti's disease 

afebrileidisorder characterized by splenomegaly 
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History. — There is no literature on the subject as far as we know. 

Climatology. — We have observed it in tropical Africa, Ceylon, and India, 
and probably it will be found in many other places. 

Symptomatology. — The disease begins insidiously in either children or 
adults, but usually the case is not observed until either the anaemia becomes 
well marked or the splenomegaly attracts attention. The symptoms are 
more or less severe anaemia and a painless firm enlargement of the spleen, with- 
out increase in size of the liver or other important signs. The blood shows the 
ordinary signs of a severe anaemia, but no parasites can be observed. There 
is no diarrhoea, and the mucosa of the mouth is not inflamed or ulcerated. 

Diagnosis. — The disease can be difierentiated from malaria by the absence 
of fever and of the absence of the parasites in the blood and spleen; from 
kala-azar by the absence of the parasites in the spleen; from forms of febrile 
splenomegaly by the absence of fever; from leucocythemia by the absence 
of the great increase of the white blood cells. From other forms of splenic 
anremia it may be differentiated by the absence of any history or "'igns of 
rickets, syphilis, etc. 

Prognosis. — Patients appear to live for years. 

Treatment. — This is purely symptomatic, but arsenic may be administered. 

L6ger*s Disease. 

Leger ha.s recorded a case, from Guiana, of prolonged fever with great 
enlargement of the liver, in which he found organisms of two types. Some 
were 3-5 jj, in length by i fjL in breadth, with a flagellum 3-5 fj, long. Others 
were of oval shape, without any flagellum. L6ger considers his parasite to 
differ from Hcsmocystozoon hrasiliense Franchini (p. 1468),' as it never con- 
tained any pigment, and encysted forms were absent. 
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CHAPTER XLVIII 


THE RELAPSING FEVERS 

General — Louse f^roup : European — North African — Indian — Manchurian — 

Tick ffvoup : Tropical African-- Persian — American — References. 

GENERAL. 

The relapsing fevers are caused by various species of spirochades, 
and may for purposes of description be arranged partly by their 
carrier and })artly by their geography as follows: — 

A. Louse piroup : — 

1. European relapsing fever. 

2. North African relapsing fever. 

3. Indian relapsing fever. 

4. Manchurian relapsing fever. 

B. Tick pro up :~ 

1. I'ropical African relapsing fevuT. 

2. 'rile tick fever of Miana, Persia. 

]. Aniei'ican relapsing fevers. 

THE RELAPSING FEVER OF EUROPE. 

Synonyms.-— ; Recurrent fever, Five Fays' fever, Spirillum 
fever, Five Days' fever with relapses, Typhus Reciirrens, Seven Days' fever 
(not Rogers'), Icteric typhus, Remittent lever, Bilious typhoid, Epidemic 
remittent fever, Miliary fever, Relap.sing fever. French : Fievre a Rechute. 
Italian : Eebbre Ricorrente. German : Riickfallfieber, Die Hungerpeste. 

Definition. — An acute specific relapsing fever, caused by Spiro- 
schaudtnnia recurrenhs Lebert, 1874, and spread from man to man 
by lice, Pediculus corporis dc Geer, 1778, and by P. humamis 
Linmeus, 1758. 

History. — Hippocrates was the first writer to describe an epidemic 
of relapsing fever in riiasos, but this knowledge was entirely lost, 
and the reference was not understood until after relapsing fever 
was properly defined. Strother and other observers refer to fevers 
with relapses in London and in Ireland in the eighteenth century. 
In 1826-27 there was an epidemic of fever in the United Kingdom, 
during which it was recognized that there were two distinct types 
of typhus—viz., a mild and a severe. In 1842 this mild type again 
appeared in Scotland, and, to a lesser extent, in England, and 
continued in the years 1843, 1846, and 1847. In 1843 Henderson 
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of Edinburgh defined this mild type as a fever distinct from typhus, 
and about the same time it was recognized in Germany, and some- 
what later in Russia. 

In 1868 there was an epidemic in Berlin, when Obermeyer, one 
of Virchow s assistants, first saw a spirochaete in the blood of a 
patient; but he does not appear to have been very certain about 
this at the time, for he waited till the next epidemic in 1872, and 
even then did not publish his account till 1873. This spirochaete 
was named S. recurrentis by Lebert in 1874, and S. obermcyevi by 
Cohn in 1875, and was proved by Miinch, of Moscow, to be the 
cause of the disease by the successful inoculation of blood containing 
the spirochaetes into healthy human beings — an experiment which 
has since often been repeated accidentally at post-mortems. It has 
been inoculated with success by Metchnikoff and others into 
monkeys and mice. In 1888 Sakharoff suggested that this organism 
was a protozoon — a view which later met with great support. 

In Russia, where the disease has been well known since 1863, there is a 
popular belief that it is spread by the bed-bug Clinocori s lectulariiis L., which 
belief was supported by Fliiggc in 1891. In 1897 Tictin found that he could 
infect monkeys by inoculation of the blood obtained by crushing bugs which 
had very recently been fed on a patient — i.c., within forty-eight hours. 

Spirochajtes have been found in bugs during relapsing fever epidemics by 
Karlinski in 1902, and later by Schaudinn. Nuttall has successfully trans- 
mitted .S. recurrent Is from mouse to mouse by the bites of bugs. Dbnitz's 
hypothesis, that S. recuvrentis is conveyed by ticks, has not been supported 
by experiments. 

Tlic role of the lou^c in this disease lias been studied by Koch 
and by Werner and Wiese in ipiy, but requires the accurate study 
given to tlie North African type by Nicolle, Blaizot, and Conseil. 
It has also been studied by Toyoda, who has shown it to be closely 
related to the North African type by means of immunity experiments. 

Climatology. — ^'fhe disease is endemic in Russia, Ireland, Turkey, 
the Balkans, Denmark, Norway, Bohemia, and in some parts of 
Poland and Germany, while the same or a similar type is found in 
Lower Egypt, in Southern China, and perhaps in the Philippines. 
There, however, aj^pears to be some doubt about the presence of 
the disease in these islands; the authority for the statement is 
McCrae, in Osier’s ‘ System of Medicine.’ 

^Etiology. — ^This type of relapsing fever is caused by S. recur rent is 
Lebert, 1874, which is generally to be found in the peripheral blood 
during the attacks, but is usually absent in the apyrexial interval, 
though individuals may occasionally be found after prolonged 
search. (For description of the organism, see p. 443.) 

Idiis spiroclnete is carried from the sick to the healthy by the 
agency of lice, P. humanus and P. corporis (see p. 917)- The 
subject, however, requires further study on the lines of the North 
African type {vide infra). It is known that the human blood is 
infective during the pyrexial and apyrexial stages, and that the 
spirochaetes reach the coelom of the louse between the second and 
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eighth day after the transmissive feed. It can also be spread by 
direct inoculations such as may take place accidentally in labor- 
atories or at post-mortems. 

The blood is not merely transmissive to the louse during the time 
when the spiroclnete can be found therein, but also during the 
apyrexial interval. The louse may be infective for a few hours 
after a transmissive feed, and perhaps a few cases of human infection 
may be accounted for in this way, but this is not the usual method. 

After a transmissive feed the spirochaetes quickly disappear from 
the alimentary canal of the louse, and do not reappear in the coelomic 
fiiiid until the eighth to ninth day after the feed : but before this the 
louse becomes infective from the third to fifteenth day, and usually 
on the sixth day the louse is most infective. 

Infection is not conveyed by the louse bite, but by the parasite 
escaping from the body of the crushed louse and entering man 
through excoriations in the skin, generally made b}^ scratching. 
One cruslied louse is sufficient to produce the disease. 

The incubation period under experimental conditions appears to 
I)e six to eight days. 

The louse is not pathologically affected by the germ, of which it is 
the natural reservoir, the spirochsete being passed from one genera- 
tion to the next succeeding generation, as has been sliown by the 
discovery that the young of infected lice are themselves infective. 

Pathology. — ^The presence of the spirochaet es in the blood is 
associated with fever, which must be due to toxins produced by 
these organisms, tliough tlie severity of tlie symptoms bears no 
relationship to tlu'. number of the organisms found in tlie peri- 
pheral blood. The spirochietes disappear from the circulation 
when the temperature falls to normal. The disappearance of the 
parasites from the blood is brought about by the presence of anti- 
bodies (agglutinins and parasiticidal substances). In those cases, 
however, in whicli relapses occur, the blood remains infectious 
during the intervals. This is due to some parasites resisting the 
action of the antibodies. These resistant spirochaTes after a time 
multiply again in large numbers, giving rise to the relapse. Leva- 
diti and Roche have demonstrated that serum collected after a 
first attack destroyed the spirochaetes which caused tlu' attack, but 
had no effect whatever on the spirochaetes which caused the second 
attack. The relapses, therefore, are caused by the survival of 
resistant types of spirochcTtes, and recovery depends upon the 
existpee of protective substances in the blood. The immunity 
acquired after one or several attacks may last for some weeks or 
months. Animals can be liyperimmunized by repeated inocula- 
tions after recovery from the first attack. The serum of such 
hyperimmunized animals shows definite protective and curative 
properties. 

Morbid Anatomy. — The principal pathological feature of the post- 
mortem is the enlargement of the liver and spleen, the latter organ 
reaching a weight of i to 2 kilogrammes at times. On section, 
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the spleen is dark-coloured and soft, with enlarged follicles, and on 
microscopical examination shows congestion and a cellular in- 
crease. Ihe liver is enlarged, and its lobules are poorly defined, 
while microscopically cloudy swelling and fatty infiltration may be 
seen, as well as leucocytic infiltration into the portal system. The 
kidneys are enlarged and congested, and microscopically show 
cloudy swelling and fatty degeneration of tlie cells, while the 
stomach shows signs of inflammation, and the heart is soft and 
flabby. Tlie bronchi are generally congested, and contain frothy 
mucus, and the lungs show hypostasis. Tlie brain may be con- 
gested, and all the organs may be stained yellow with bile. 

Symptomatology. — The incubation period is said to vary between 
two and twelve days, but in accidental inoculations it is about seven 
days. During this period prodromal symptoms, in the form of 
slight malaise, may be felt. 



Fig. 648.^ — Temperature Chart of the Relapsing Fever of Europe. 

The onset is usually sudden, but it may be gradual, the patient 
suffering from rheumatic-like pains, headache, and constipation. 
When it begins suddenly, there are rigors, with severe frontal head- 
ache, pains in the back and limbs, epigastric pain and tenderness, 
associated with a sense of weakness. The face becomes flushed, the 
coiijunctivie injected, and the temperature rises to 103° to 104'" F., 
with a pulse-rate of no to 120, quickened respirations, and some- 
times nausea and vomiting. 

The Course . — The temperature cortinues high until the sixth or 
seventh day, during which period the skin may be yellowish in colour, 
hot and damp from perspiration, with at times a rose-coloured 
macular eruption, disappearing on pressure, on the thorax, abdomen, 
and legs, which lasts for a day or so. The tongue is moist, red at the 
tip, and covered with a white fur. Vomiting of greenish-yellow 
matter may occur, but nausea is always present, and thirst is com- 
mon; the bowels are usually constipated, and diarrhoea is more a 
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complication than a feature of the disease. The liver is enlarged 
and tender, and so is the spleen, which may reach a considerable 
size. The heart sounds are normal, but the pulse-rate is quick, 
reaching 120 to 1^0, or even more, per minute j but it is not dicrotic* 
The erythrocytes and the haemoglobin are reduced in amount, while 
a polymorphonuclear Jeucocytosis may be present. Spirochaetes can 
be found in the blood, and occasionally can be seen engulfed by 
leucocytes. There is generally a troublesome cough, with scanty 
bronchitic expectoration, and rales, which can be heard over the 
chest and trachea. The respirations follow the pulse-rate, being 
increased to 48 to 50 per minute if the temperature is high. The 
pains in the muscles and joints continue, and .sleeple.ssness may 
result, while a noisy delirium is not rare, but stupor is uncommon. 
The urine is febrile, and may contain a little albumen. About the 
sixth or seventh day the crisis, sometimes ushered in by a rigor, 
intervenes, with violent perspiration, or diarrhoea, with or without 
cpistaxis, and with a sudden rapid fall of tejiiperature, while the 
pulse and respirations also return to normal, and the patient falls 
into a deep sleep, and awakens much better. 

The Intermission. — ^The intermission now begins, during which the 
temperature returns to normal. The spleen often remains enlarged, 
the temperature chart may show small rises, and the patient’s 
strength slowly improves. 

The Relapse. — ^^Fhe disease may now end; but this is exceptional, 
and more usually, about the fourteenth day from the first commence- 
meiit of the illness, tlie relapse occurs, beginning with a rigor and 
symptoms resembling the attack, but often more severe, and, after 
lasting tliree or four days, terminating in a crisis, which generally 
ends the illness. Very rarely is there a second relapse, in which case 
the same symptoms occur, but much less severely, third relap sc 

is most uncommon. Convalescence is sometimes .slow. 

Complications. — complications are numerous, affecting the 
lungs in tlic form of bronchitis and pneumonia, or the alimentary 
canal as dysentery, diarrhcea, and hiernatemesis; while cerebral 
Inernorrhage, conjunctival haiinorrhage, iritis, and corneal ulcers, 
have all l)een recorded. 

Abortion often complicates the first relapse in pregnant 
women. 

Diagnosis. — In the first instance, before the relapsing character 
has a])peared, the disease requires to be diagnosed from malaria, 
typhus, typhoid fever, yellow fever, and seven days’ fever. The 
principal positive signs indicating relapsing fever are: — (i) Presence 
of the spirochcTtes in the blood; (2) agglutination or Ldwenthal’s 
reaction, which consists of taking a drop of blood from the suspected 
case and adding it to another drop of blood containing spirocha?tes 
taken from a patient, mixing the two drops together, and covering 
with a cover-glass, which is then sealed and placed in an incubator 
at 37° C. for half an hour. A positive reaction is indicated by the 
clumping of the spirochaetes into non-niotile masses. 



diagnosis-^trea tment 


»3I3 

Dlfforentlal Diagnosis. — Malaria odiU be diagnosed by the discovery 
of the malarial parasite in the blood. 

Typhoid is indicated by the positive results of haemo-cultures and 
by the fever having started gradually. Widal’s reaction is not of 
much help during the first week. Typhus can be separated by the 
absence of spirochgetes, by a negative Lowenthal’s reaction, and 
by the presence of its characteristic rash. Yellow fever can be 
diagnosed by its black vomit, though at first the differentiation 
may be impossible without a microscopical examination of the 
blood. Dengue fever is characterized by its slow pulse and, of 
course, by tlie absence of spiroclnetes. WeiVs disease may be dis- 
tinguished by the more marked jaundice and by the different 
nature of the spirochaetes, which are seldom found by the simple 
microscopical examination of the blood. 

Prognosis. — ^'fhe prognosis is usually favourable. Marked jaun- 
dice is a bad sign, while pregnant women generally abort. The 
mortality appears to vary considerably, being, according to Mur- 
chison. only 4 per cent, in the United Kingdom; while, according 
to Sandwith, it is 14*4 per cent, in Egypt, which is nearly the same 
percentage as that reached in Russia. The causes of death are 
toxcemia in the first attack, and collapse in the first intermission, 
but it may be caused by one of the above-mentioned compli- 
cations. 

Treatment. — • This may be discussed under the following 
headings: — 

1. Specific Treatment. 

2. Symptomatic Treatment. 

Specific Treatment . — Salvarsan or neosalvarsan or their sub- 
stitutes may be administered either by intramuscular injection or, 
better, intravenously. This is a specific treatment, most effica- 
cious, but care should be taken not to inject a large dose, as 
certain patients, especially, it seems, those suffering from Asiatic 
relapsing fever, stand the drug badly, cases of death having been 
recorded, even after a medium dose, such as 7J grains (o'5 gramme). 
According to Mouzels, an intravenous injection of 4 or 5 grains 
(0*3 gramme) does not give rise to any unpleasant symptom, and 
is generally sufficient to make the spirochgetes disappear from the 
blood and cure the attack. If, however, another attack of fever 
develops, a second injection of the same dose may be given. 

Symf)tomaiic Treatment . — Pains in Uie head and muscles may be 
relieved by small doses(2 to 3 grains) of salicylates, aspirin, antipyrin, 
or by quinine. If these pains are very severe, opium or a hypo- 
dermic injection of morphia may be necessary. Epigastric pain 
may be relieved by fomentations sprinkled with tincture of opium, 
while vomiting should be treated with ice, champagne, and bismuth 
mixtures, though occasionally morphia or codeine may be required. 
Effervescing ammonium carbonate mixtures are often grateful. 

A dry, troublesome cough may be relieved by codeine or small 
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doses of heroin; in other cases an expectorant mixture will be 
found useful. Consiipation must be treated by laxatives or encmata, 
and high tem])eratures by cool sponging, which, however, will but 
seldom he required. The complications must be met by the treat- 
ment laid down in textbooks on general medicine. 

Prophylaxis. — Prophylaxis consists in the destruction of lice by 
steaming clothes, as can be done in railway trucks by leading in 
steam from the engine or by boiling clothes, while the patient is 
thoroughly bathed. Por further particulars see the projiliylaxis 
of typhus (p. 1338). 


THE RELAPSING FEVER OF NORTH AFRICA. 

Synonyms. — Algerian relapsing fever; Egyptian relapsing fever; Arabic; 
Homa el Hiigga, i Joina en Naxy, Nansliah. 

Definition. — An a.cutn spccilic fever hy SpiroscJiaudinnia 

herhora Serg(‘nl and Foley, 1910, and spread by the agency of 
PodiciUus corporis de Geer, 177^* 

History.— It was noticed by the surgeons of Napoleon’s army in 
Egypt, [ind later by Griesinger in 1851, when it was called ‘ bilious 
typhoid’; while more recently vSandwith, Cummins, Bousheld, 
Balfour, and GralKim-Smith, have published (.‘xcellent accounts of 
the disease. In 1910 Sergent and Foley differentiated S. herhera 
Sergent and Foley, in a case in South Oran. The transmission of 
the disease by lice has been worked out by Nicolle, Blaizot, and 
Conseil. Toyoda’s immunological experiments show that this 
fever is closely relelc'd to tlu^ European type. 

Climatology.— It is known to exist in Algeria, Tunis, Tripoli, 
Egypt, and tlie .Anglo-Egypt ian Sudan. 

iEtiology. -It is caused by S. herhera Sergent and Foley, 1910, 
spread l)y ihe ag(*ncy of lice, as shown by Nicolle, Blaizot, and 
Conseil (see y. 447). 

Symptomatology.- -The lenglli of the incubation period is not 
known, but is belii'ved to b(^ more than twelve days. Tlic fever, 
whicli may lie associaiful witli rigors, reaches its height during the 
first twenty-four lioiirs, and afterwards shows morning remissions. 
The spleen eidarges, and tin* liver becomes tender and painful in 
some cases; but jaundice is generally absent. Vomiting is present, 
but diarrlicea is absent. The attack is apparently not very severe. 
Apyrexia lasts from two to nine days, and is followed by one, 
two, or, more rarely, t hree relapses. 

Diagnosis.— The spiroduTles must be found in the blood, as the 
cases may occasionally resemble cercbro-spinal meningitis and acute 
rheumatism. 

Prognosis. — ^Ihis is usually good, the mortality being nil in 
fifty cases. 

Troatmont. — Ihis is the same as for the other relapsing fevers. 
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THE RELAPSING FEVERS OF ASIA. 

There are probably a number of relapsing fevers in Asia, but we 
only know two which have lice as carriers, and these are: — 

1. The Indian relapsing fever. 

2. The Manchurian relapsing fever. 

The Relapsing Fever of India. 

Definition. — An acute specific relapsing fever caused by Spiro- 
schandinnia carteri Manson, 1907, and spread by the louse in all 
probability. 

History. — Relapsing fever is one of tlie endemic diseases of India, 
being traceable back into the eighteenth century. The credit of 
first clearly defining the disease, however, rests with Lycill in the 
epidemic fever in the Punjaub in 1852-53; but Vaiidyke Carter, 
in 1876-77, in the Bomba}^ Presidency found spirochaetes in the 
blood of patients suffering from fever, and his work on the subject, 
publislied in 1882, is to be regarded as the Indian classic on this 
fever. Schellach, in 1907, separated this spirochaete from S. re- 
currentis and 5 . novvi by finding that it is not agglutinated by the 
serum of animals infected with these parasites. Rogers points out 
that the disease lias often been confounded with typhus fever in 
India. In 1911 Stott suggested that two varieties of fever may 
be included under this term, and recent research shows that 
several varieties of relapsing fever probably exist in India. 
Types of relapsing fever, which may possibly be different from 
the Indian ones, occur in China and French Indo-China, while 
the Arabian type may be identical with the West African relapsing 
fever. 

Climatology. — The real home of the disease appears to be the 
Bombay Presidency, but it is also known in the Punjaub and in the 
Kurnaon Hills of tlie North-Western Provinces. 

AEtiology.— The cause of the disease is the spirochtctc found by 
Vandyke Carter in 1877. It is inoculable into man, as was proved 
by Carter inoculating himself twice, with an interval of two and a 
(Quarter years. It can also be inoculated into monkeys, but not into 
rats and mice. Bugs are capable of retaining it alive in their 
alimentary canals for from four to seven days when obtained from 
monkeys, but do not appear to be so effective in obtaining it from 
man, as only one in fifty-three were found infected after feeding on 
human beings. Infected bugs arc capable of transmitting the 
disease to monkeys. Rogers, however, thinks that mosquitoes 
may be found to be more effective than bugs. Mackie has brought 
forward evidence in favour of Pediculus corporis being a carrier. 
(For description of the spirochaete, sec p. 446-) 

S. carteri is separated from S. duitoni by the latter being far more 
easily inoculable into animals and producing numerous relapses 
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when injected into monkeys, while, according to Lamb, the former 
only causes one relapse. Moreover, the two spirochsetes may be 
differentiated by immunization and agglutination tests. macaci 
observed by us in monkeys in Ceylon, appears to be closely related 
to 5. carieriy and may be identical with it. 

vStrong, experimenting with whit e mice, has come to the conclusion 
tliat the Indian Spiroschaudinnia is closely allied to the European 
and Nortli-American types. 

Pathology. — The morbid anatomy resembles that of the European 


type. 

Symptomatology.- — In accidental inoculations in the post-mortem 
room the incubation period varies from tliree and a half to seven 
days, during which prodromata resembling those of the European 


type may occur. 

The onset is generally sudden, but in most cases without the 
rigors defined in Europe, though chilliness occurs, and the disease 
progresses as in the Obermeyer fever. On the fall of temperature 

to submormah however, on the 



649.- -Spiroschaudinnia from 
A Cash of Asiatic Relapsing 
Fever. 


(From a microphotograph by 
J- h Bell.) 


sixth or seventh day, which is 
associated with profuse perspi- 
ration and polyuria, instead of 
the patient feeling better, he 
often becomes collapsed, with 
a small weak pulse and a cold 
clammy skin, in which condition 
he may resembh' at first sight a 
cholera patient. In the first 
intermission, which lasts from 
three to twelve days — generally 
about eight days— t lie patient 
improves slowly, there being 
much debility, and in one case 
in six there is a sudden tem- 
porary rise of temperature after 
the crisis. Spirochaetes arc not 


to be seen in the blood, but Carter and Pisani have described 


peculiar structures. The first relapse occurs about the fourteenth 
day of the disease, and the seventh of the intermission, and 
resembles the first attack, but the temperature may reach a higher 
level, and the illness is shorter, ending in a crisis. 

The second intermission may last about ten days, being longer 
than the first, and a second relapse takes place, often commencing 
with chills. The liver does not markedly enlarge, but the spleen 
increases in size. The fever is remittent or intermittent, and the 


crisis is not marked. It is now rare for th(' disease not to end, but 
after an interval of fourteen to seventeen days a third relapse may 
take place, with a sudden rise of temperature, which lasts one to 
four days. Very rarely a fourth intermission of about eleven days 
ends in a fourth relapse, lasting only two days. 
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With regard to the frequency of the relapses, Rogers gives the 
following percentages: — 


Without relapse 
With one relapse 
With two relapses 
With three relapses 
With lour relapses 


23*8 per cent. 

49*2 

20*0 

5*0 

2*0 


Varieties. — ^The typical course may be varied in about 25 per 
cent, of cases, and present [a] a short, irregular, remittent fever ; 
[h] a so-called bilious remittent fever, called by Carter ‘ icteric fever. 

{a) Short, Irregular, Rcmilieni Fever. — This is very like malaria, 
from which it is only to l)e diagnosed by blood examination. 

{h) So-called Bilious Remittent Fever [Icteric Fever). — So-called 
bilious remittent fever very closely resembles typhus fever, and to 
some extent yellow fever, showing deep jaundice, with an eniption 
of red spots. The temperature is irregular, and the pyrexia pro- 
longed; prostration comes on early, and may develop into a status 
typhosus.' The death-rate of these cases is high, being 70 per 



650.— Temperature Chart of the Relapsing Fever of India. 
(Chart made by Major Archibald.) 

cent. They are to be diagnosed from typhus by the blood examina- 
tion, and from yellow fever by the absence of black vomit. 
Complications.— These are the same as in the European type. 
Diagnosis. ^This is based on the microscopical examination of 

the blood. , ^ . 

Prognosis.— A prolonged, irregular first attack, ending by lysis, 

and attacks showing marked jaundice are bad omens. 

The mortality is higher than in Obermeyer's type, being ib-02 
per cent., of which about one-half take place in the attack, and 
one-quarter in the first interval, and one-fifteenth in the first 
relapse, and the remainder from complications. 

Treatment.— The treatment and diet differ in no respect from 
that already laid down, except that these patients often stand 
large doses of salvarsan badly, and therefore one should not give 
more than 5 grains of the drug by intravenous injection; more- 
over, the disease being of a severer type than the hairojiean form, 
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and sudden heart failure being common, cardiac stimulants should 
be given during the attack, and preparation made for preventing 
the collapse by means of hypodermics of strychnine and ether, or 
camphor in ether, as well as by hot bottles, blankets, etc. 

Prophylaxis.— Sec remarks with reference to the European type. 

Manchurian Relapsing Fever. 

This type of relapsing fever is due to a spirochsete which Toyoda 
in 1916 dernonstrated by immunity experiments to be distinct 
from the African and tlie European types. The organism is short, 
7-20 microns by 0^4 micron, and its spirals number 4-8: it is spread 
by lice. 

Liver enlargement and albuminuria arc physical signs of import- 
ance. The first paroxysm lasts five to thirteen days, the first 
interval two to foui teen days* the second attack one to nine days, 
mterval tw^o to thirteen days; tlie third paroxysm lasts one to six 
days, the third interval two to ten days; the fourth paroxysm lasts 
two to six days. 

The moi tality 1 ate is 5*3 l^or cent . J wo paroxysms are common. 


THE TICK GROUP. 

THE RELAPSING FEVERS OF AFRICA. 

Tiio tick relapsing fevers of Africa may be classified as follows;- 

1. \\ est African relapsing fever. 

2. h.ast African rela})sing fever. 


I. The Relapsing Fever of West Africa. 

Synonyms.— Tick fever (Livingstone), African tick fever. 

Definition,— An acute specilic relapsing fever caused by Spiro- 
schaudmma diMom Novy and Knapjr, ipot,, and spread by Orni/ho- 
doros manbata Murniy. ^ 

History.— The peoples of Africa from time immemorial have bad 

anJearc f Caused fever, and tins 

l‘avc been noted by Livingstone, Kirk, Hinde, and 

nat ire wa'f r? unknown 

Teeo as occurring in Africa. Nabarro, in August 

Ueandr^bm'^ to observe a spirocliretc in human bein|s in' 
Uganda, nut as his publication, through no fault of bis ownT did 
not appear till much later, his discovery was forestalled by those 

and Dutton and Todd, also in 1904, who 
found the cause of the tick fever to be a spirochsete, the latter 
observers also proving that it was introduced into the blood by 
Trfdd^w.?^ ^ tick^rwf/io^oros mouhata. Since that date Koelp 
Todd, Novy and Knapp, Breinl and Kinghorn, and others have 
c^efully. Frankcl has proved by biological 
from y_East African relapsing fever differs 

from S. duttom, as observed in West Africa, and Nuttall proposed 
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the name 5. rossi Nuttall, 1908, for this new species; but recent 
researches seem to have proved the identity of the two conditions. 

Climatology. — ThQ disease is found in Angola, the Congo Free 
State, Uganda, late German East Africa and Portuguese East 
Africa, and in the Valley of the Zambesi. Franco, Robledo, and 
others have described a spirochactiasis in Colombia, \\ hicli is caused 
by a spirochaete morphologically resembling S. dutioni, and said 
to be spread by Ornithodoros tmicatm, with reference to which it 
may be noted that Biildow observed relapsing fever in the Andes 
in 1865. Robledo asserts that it is spread by the bite of Orni- 
thodoros megnini. 

The climatic conditions required appear to be heat and moisture, 
but according to PTanco's observations, the disease can occur at an 
altitude of 7,000 feet. No observations appear to be recorded as 
to variations due to season. Carter’s investigations would tend 
to show that Arabian relapsing fever is either a separate form of 
fever, or is allied to tin's West African form, as it may be spread by 
an Ornithodoros. 

iEtiology. — ^^riie cause of the fever is S. dnUonl Novy and Knapp, 
1906, which is proved to be distinct from the otlier spirocluetcs, 
because an animal immunized against one of tliese is capable of 
being successfully inoculated by it. 5. diiitoni can be inoculated 
into a number of animals — namely, dogs, goats, sheep, rabbits, 
guinea-pigs, rats, and mice— but not into cats, chickens, pigeons, 
or goldfish. The spirochsetes can pass through tlie ])lacenta into 
the circulation of the foetus, which they infect. These organisms 
are easily seen in the blood during an attack, but disappear during 
an apyrexial interval. The spiroclnete is describe ‘d on p. 444. 

The life-history in the vertebrate has been worked out by Breinl, 
who, as already described, showed that just belorc tiie crisis the 
spirochsetes become encysted and undergo schizogony into small 
bodies, from which the new generation develop. Leishman has 
demonstrated that when the spiroclnetes pass into the intestinal 
sac of the tick they lose their motility and their characteristic 
appearance, while the central core of chromatin segments into 
small masses, which are set free into the lumen of the gut. These 
small bodies, which resemble small rods, or are rounded, like 
micrococci, appear to multiply in the body of the tick, and to pass 
into the cells of the Malpighian tubules and into the tissue of the 
ovary. In the latter position they enter the immature eggs, and 
can be traced through all stages ^f development into the adult 
ticks. In the embryo, and in all the later stages of development up 
to and including the adults, they are found as small chromatin 
bodies lying in the cells of the Malpighian tubules. Inoculation of 
crushed tissue containing these bodies produces a typical infection. 
From his experiments, Leishman concludes that it is by these 
chromatin bodies that the disease is carried from the egg to the 
new generation of ticks, and that infection of man docs not take 
place via the salivary glands, but by the small bodies gaming access 
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to the wound produced by the tick’s bite, by being voided in the 
Malpighian secretion passed by the tick during feeding, or perhaps 
by regurgitation of the intestinal contents. More recently Leish- 
maii and Kindle have shown that the tick produces infection only 
as the result of its infecLed fseces contaminating the tick-bitc. This 
is a typical example of the contaminative mode of infection. 

The principal predisposing causes are anything wliich facilitates 
the life of the tick, such as bad hygienic conditions, which are well 
exemplified by the native huts of Africa. These huts contain many 
cracks in tlie walls and floor, which afford shelter to the tick, and 
hence predispose to the disease. 

Pathology, — ery little can at present be said as to the pat hology. 
The post-mortem reveals only an enlarged firm spleen, while smears 
taken from the liver and lungs show large numbers of spirochmtes. 

Symptomatology.- — ^I'he symptomatology still requirevs careful 
investigation on the lines carried out by Carter in India, but much 
good work has been done on the subject by Dutton, Todd, Ross, 
and others. 

Incubation. — The period of incubation is usually about seven 
days, but it may extend to eleven or twelve days. 

The tick-bite may be accompanied by local inflammatory symp- 
torns, but in some cases the bite is not even noticed. According to 
Wellman, natives believe that when the tick-bite is accompanied by 
a severe local reaction, the individual x>robably escapes fever, and 
Nuttall calls attention to the possible protective (Tfect of a 'local 
reaction. 


Usually mental lieaviness, lack of activity, profuse sweating, and 
constixiation, are mentioned as prodromal symptoms. 

Onset -jThe attack may come on gradually, with a feeling of 
malaise, faintness, and a disinclination for food, or even vomiting 
and a sliglit rise of temperature. In a few lioiirsthe temperature will 
have risen to 103° to 105^ F., associated with headache, pains in 
tile back and limbs, and intense pain in the region of the spleen, and 
ctiilhness. Tliere is vomiting, first of food, and then of bile, with 
(men diarrlio^a, and even at times streaks of blood in the motions 
Ihe spleen IS generally found to be enlarged, and spirocluetes in 
scanty numbers occur in the jicripluTal Iilood, l)ut may be hard to 


symptoms are worse, and the patient is 
froiihS h! complaining of thirst and splenic pain, and often 
troubled by a cough. ] lie temperature shows a morning fall, without 
improvement in the synijitoms, and an evening rise, during which 
the pains increase, and the patient may become delirious. The 
liver does not enlarge, but the spleen projects below the costal 
margin. SpiroclicXdes are now found in greater numbers, but 
dimmish remarkably before the crisis. There is a slight decrease 
m the red cells andluxmoglobin, and a marked leucoc?tosis before 
t e crisis, while polychromatophilc degeneration is noted in the 
red cells, and a very marked increase in blood platelets. The 
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syniptoms last three to four days, and end by a crisis marked by 
profuse sweats and a fall of temperature below normal. On the 
day before the crisis there is a pseudo-crisis, with a fall of tempera- 
ture, but no improvement in the symptoms. 

Intermission.— The patient feels weak and tired, but slowly re- 
gains his appetite and strength, and no parasites are found in the 
blood. The disease may now terminate, or the intermission may 
last from one to twenty-one days, according to Ross; but five to 
eight days is more usual. 

Relapse. -The first relapse begins with a rise of temperature 
and a return of the original symptoms, and also of the parasites 
into the periplieral blood. After lasting three to four days, it 
ends in a crisis marked by sH^eating, and showing a pseudo crisis 
on the preceding day. 

Intermissions and relapses follow one another regularly or 
irregularly, the intervals being from one day to two months, and 
the relapses usually lasting three days, and showing a pseudo- 
crisis on the second day and a crisis on the tliird day. As many as 
five to eleven relapses may take place, and encl by reducing the 
patient both in weight and strength. OEdema of tJie eyelids has 
been noted in the relapses. 

Complications and Seqnelce . — Iritis is frequently observed. 

Clinical Varieties. — According to Ross, there eippears to be a 
marked difference in the severity of the attack in new-comers, such 
as Europeans, and natives. Though the attack shows much the 
same symptoms in natives as in Europeans, it is often far less 
severe, and the spleen may not enlarge. The attack frequently 
lasts twenty-four to forty-eight hours, and ends by crisis, after 
which the patient rapidly recovers, as a rule without a relapse. 
Should this, however, take place, it is found to be less severe than 
the attack. Koch believes that these mild attacks and the native 
immunity are due to infection in early childhood. Dutton and 
Todd, on the other hand, describe cases very much resembling 
that in the European, with enlargement of the spleen, and with more 
than one relapse, leaving the patient anaemic, thin, and weak. 
Hence it may be concluded that the disease shows two types in 
natives — a mild type and a severe type- — and that the latter may 
end in death. 

Diagnosis. — ^Tliis can only be made by finding the spirochaetes. 
Lowenthal’s method of agglutination can be applied in doubtful cases. 

Prognosis. — This is usually good for both the natives and 
Europeans, but death may occur in both races, and is signalled by a 
rapid fall of temperature without improvement of the symptoms. 

No figures have so far been recorded with regard to the mor- 
tality, but it may be taken that it, as a rule, is low, though under 
adverse circumstances it may be high. Dutton and Todd record f 
of twenty men who contracted the disease in one caravan, ten died. 

Treatment.— This is tlie same as for the European form (see 

P 1313)- 
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Prophylaxis - 'I'lic prophylaxis is based on the avoidance ol 
localities where ticks abound and the destruction of these parasites, 
Koch rightly advised that Europeans should camp at least 20 to 
30 yards away from infected nativ*c huts and rest-houses. 

2. The Relapsing Fever of East Africa. 

The rela]ising fever found in Uganda and East Africa is clinically 
indistinguisliable from the West African type, and is carried by 
rhe sainc tick, but the Spiroschaiidinnia, according to Friinkel, is 
a different species ( 5 . rossi Nuttall, 1908). Recent researches seem, 
however, to identify it with the West African type. 

THE TICK FEVER OF MIANA, PERSIA. 

Definition. — A specific fever of unknown cause, brought alx)ut by the bile 
of a tick {Avgas pevsicus Oken, i8i8). 

Historical. — Diipr6, in 1809, first described this disease, staling that the 
bite of A. pevsicus, locally known as ‘ Guerib-guez,' ‘ (i.irib-guez, ' ' Miane- 
biigP or ' puimise dc Miami ' (MaWel de Mian '-h), was at times dangerous, 
producing prolonged illness. Kotzebue, in 1819. statt'd that the natives 
were immune, and only foreigners suffered. Fischer dc Waldheim, in 182^, 
said that the bite was fatal, and Heller, in 1858, described Ibe ci'iects as being 
caused by the mechanical injury of the bite of the tick. Tasclienburg, in 
1873, considered the symptoms to point to a disease, and not merely to the 
effects of the bite of the tick; and Schlirnmer, in 1874, considered the im- 
munity of the natives to be due to the fact that they liad been bitten, and 
so become vaccinated. M6gnin, in 1882. showed that the bite pev sc was not 
dangerous and later was supported by Fumouzc and Loundsbury. 

Etiology. — The causation of the disease is quite unknown, but some virus 
must be inoculated wlien the tick bites, for the disease is apparently confined 
to Persia; and the experiments of M6gnin, Loundsbury, and others show that 
in certain regjions the effects of the bite are insignificant. 

Manson thinks that this virus will some day be found to be a spirochacte, 
which, indeed, is not unlikely, as A. pevsicus is well known to be the carrier 
of Spivoschaudinnia mavchouxi Nuttall, 1904. which causes a very fatal disease 
in fowls. Native Persians probably develop a relative immunity due to 
previous slight infections, but new-comers suffer severely. 

Symptomatology. — Tlic knowledge of the symptoms of the disease is very 
meagre. vSevere pain is felt at the site of the bite of the tick, and this is 
followed by remittent fever lasting from a few days to several weeks, delirium, 
convulsions, and even at times by death. 

Treatment. — Phe treatment is entirely symptomatic, but salvarsan might 
be tried. 

Prophylaxis. — According to Nuttall, the Persians burn their villages when 
they suffer severely from the attentions of the tick. In order, however, to 
devise a rational method of prophylaxis, it must be remembered that A. pev- 
sicus is essentially a parasite of the domestic fowl and other birds, and that 
its eggs are laid in batches of 20 to 100 in cracks in the walls, and take three 
weeks to develop into the larva, which, after sucking blood, in eight days 
becomes the nymph. This may require several weeks before it becomes the 
adult, which is said to feed only once a month. After considering this life- 
history, it will be obvious that fowls should be disinfected with a kerosene 
emulsion, creozozone, or oil of sassafras in the case of old birds, while young 
birds may be isolated in cages until the ticks drop off. Houses and fowl- 
houses should be cleansed and treated by lime and corrosive sublimate, and 
old nests and roosts should be burnt, and after that the new fowl-houses may 
be sprayed with kerosene emulsion. 
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THE RELAPSING FEVERS OF AMERICA. 

The relapsing fevers of America comprise:— 

1. North American relapsing fever. 

2. Central American relapsing fever. 

3. South American relapsing fever. 

I. Relapsing Fever of North America. 

Definition. An acute specific fever caused by Spiroschaudinnia 
novyi Schellach, 1907. Mode of infection not known. 

History. — Relapsing fever has been known in America for many 
years, being recognized as far back as 1844; but it wa considered 
to be identical with the European type until, in 1906, an Englishman 
who repeatedly travelled between New York and the West Indies 
was treated by Carlisle in New York for fever which relapsed, and 
in which spirocha^tes were found. Novy and Knapp studied these 
spiroclnetes, and showed that they were distinct from 5. dutioni. 
Later, Mackie also studied them by the agglutination method, and 
agreed with Novy, who had concluded, from morphological reasons, 
that they were distinct from S. carteri. Finally, in 1907, Manteufcl 
compared them with true S. reciirreMis, and found that the serum 
of a person suffering from their type of fever did not agglutinate 
true S. recii-rrentis. Subsequently Schellach, after studying and 
comparing the different spirochiet cs, named this particular species 
5 . novyi Schellach, 1907. 

Climatology. — ^Thc disease is known in North America and in 
Europe. In America the disease is acquired naturally. ]n Europe 
the cases recorded are due to laboratory infection. 

AEtiology. — The cause of the disease is S. novyi Schellach, 1907. 

Symptomatology. — ^'I'lie symptoms appear to be much Lhe same 
as in the European type of fever. 1 Mic incubation period seems to 
be at least five to seven days in duration, thougli cases have been 
recorded in which symptoms developed almost immediately after 
exposure to infection. In experimental cases it varied between 
six and eight days. The duration of the first attack is about five 
to six days, and^ it often begins with rigors; the tongue is moist, 
except in grave cases, and the jaundice is mild, except in severe 
cases; but the vomiting of bile is not imeommon, while diarrhcea is 
only moderate in amount. Tympanites, hiccough, and hemor- 
rhages from the nose, stomach, and bowels, as well as the kidney, 
may be present in severe cases. The apyrexial interval is usually 
seven to ten days, and is followed by the relapse, which is not 
uncommonly absent. Usually there is only one relapse, and more 
rarely two to five relapses. 

Mortality.— The mortality is not high, varying between 2 and 
6 per cent. 

Treatment. — ^'fhe treatment is the same as in the European type. 
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2. Relapsing Fever of Central America. 

Darling has described cases of relapsing fever in Panama, 
clinically similar to the North American type, but the organism 
has not been definitely classified. 

3. Relapsing Fever of South America. 

In South America (Colombia) a relapsing fever occurs in which 
the spiroschaudinnia resembles more closely S. dutioni than S. novyi. 
According to Robledo, this parasite is carried l)y Ornithodoros 
iuricafus. 
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CHAPTER XLIX 

TYPHUS 


Svnonvms.-Tvrphus exanthematicus, Synochus putrida, Spotted fever, 
Gaol fever. Prison fever. Brill’s disease; French, Typhus exanthematique; 
Italian Tifo csantematico, Tifo petecchiale; Spanish, El Tarbardillo, German, 
Exanthematischer typhus, Flcckfieber; Dutch, Vlekkoorts; Arabic, Homma 
typhuisa. Tkout fever; South Africa, M’betalala — black fevei. 

Definition.-' -Ty])lius is an acute specific fever of unknown but 
probably protozoal cause, spread by tlic agency oiPcdicnJus corporis 
de Geer, 1778, and cliaracterizcd by a sudden onset, a maculo- 
petechial eruption, and severe toxaemia, lasting some twelve to 
fifteen days, and ending in a more or less abrupt lysis. 

History. — The early liistory of typlius is wrapped in obscurity by 
reason of its confusion with piaguc; for tliougli Hippocrates men! ions 
the word Gyphus,’ lie applied it to stuporous and delirious conditions, 
and docs not a.p])ear to have been acquainted with the fever in 
question. This confusion witli plague continued until Fracastorius, 
in the sixteenth century, called it 'petecliie,' and gave such an 
account as eiiabh'd them to be separated from one another, though 
the nomenclature at first indicated that they were related, and it 
was not until 1700 that the term ‘ typhus ' was first applied to the 
disease l)y Boissier de vSauvages. In an interesting historical paper 
Crawford has shown that the only ])()ssible explanation of some of 
the old outbreaks is by means of the louse. 

During the eighteenth and nineteenth centuries typhus was well 
known in Euro])c, but included typhoid and relapsing fevers, from 
the former of which it was distinguished by a long series of researches, 
beginning with those of vStrother, Gilchrist, and Huxham, in the 
early eighteenth century, and ending with wStilTs classical work in 
1837, while llic history of the differentiation from the latter has 
already been described in the chapter on the Relapsing Fevers. 

For a long time the disease passed unrecognized in the tropics, 
and, indeed, in ihcLancel of 1871 it is even debated as to whether it 
could exist in those regions; but though it is impossible to deny 
that Lyell, in his observations in 1852, mistook relapsing feviT for it, 
and that Fairweather in 1869 was confusing it with typhoid, it 
would appear as though Lyons, in 1869, clearly recognized the 
disease as occurring in North-West India, where it is now well known 
to be endemic, and it has since been reported from many parts of 
the tropics. 

Brill's disease appears to be a mild form of typhus fever, attenu- 
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ated, perhaps, by environment and improved sanitation. He has 
failed to produce the disease in monkeys. 

It is curious the way in which different epidemics have been 
reported as being characterized by special features; thus the Serbian 
epidemic of 1914-15 showed a great tendency to gangrene of the 
feet, while those in Silesia and Ireland have been associated with 
bronchial and pneumonic complications. 

Causal Agent . — ^The next point in the history is the search for the 
causal agent. In 1908 Yersin and Vassal succeeded in communicat- 
ing the disease from man to man by the inoculation of blood, but 
failed to infect rats, guinea-pigs, or rabbits. 

In 1909 Nicolle first produced typhus in a monkey by injecting 
the blood from a patient, thus showing that the virus was present 
in the periplieral biood. Later it was discovered tliat guinea-pigs 
also could be infected. 

In 1910 Ricketts and Wilder, in Mexico, sliowed ^I'.at tlie virus 
was contained in tlie blood serum, from which it could be removed 
by filtreition through a Berkefeld candle. 

fn 1911 Wilder repealed the filtration experimc.its with confirma- 
tory results, but subsequent experiments showed that the control 
monkey may liave been immune, a point subsequently confirmed 
by Nicolle, Conor, and Conseil. 

In 1911 Nicolle, Conor, and Conseil considered that the virus was 
mainly associated with the leucocytes, and that the jdasma was 
merely virulent from the debris of these cells. Red blood-corpuscles 
and cerebro-spiiial fluid were proved not to contain the virus. 

In 1912 Anderson and Goldbergcr showed that the evidence was 
in favour of a jiarasitc living freely in blood plasma, and not of an 
intraleucocytic localization; and, further, they confirmed the work 
of Ricketts and Wilder. 

In 1917 Miss Robertson summarized thcisc investigations by stat- 
ing that there is no recorded experiment whicli demonstrates that 
an injection of the filtered scrum from a typhus patient can produce 
an infection. The conclusion is that the virus is too large to pass 
through the pores of a Berkefeld candle in good condition. Further, 
this virus is capable of producing a reaction on the part of the 
patient, because after an attack there is a solid immunity against 
subsequent attacks, both in men and animals. 

The causation of typhus remains undiscovered, though many re- 
searches have been made, first by Hallier, who in 1868 described a 
fungus as the causal agent; and then by Klebs, who found bacilli 
in 1881; and by Mott and Blore, who in the same year described 
minute, screw-like, motile organisms as present in the blood during 
life, and micrococcal-like bodies found in cells between the muscular 
fibres of the heart after death. 

In 1891 Hlava described ovoid bodies which he believed to be 
part of a strep tobacillus; in 1892 Thoinot and Calmette saw flagellate 
bodies; and in 1892 Lewaschew found a motile organism, sornetimes 
like a thread, sometimes oval and flagellate; in 1893 Dubieff and 
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Briihl described a diplococcus; in 1899 Balfour and Porter found 
another diplococcus. In 1903 Gottschlich described a 
existing in non-motile endocorpuscular and flagellate free 
in cases in Egypt, but these parasites may hp’e only been cellular 
degenerations; and Horiachi described a bacillus which he isolated 
from the fasces and urine of Japanese troops which in the war in 
Manchuria suffered from a disease which was probably typhus. 
Krompecher, Goidzieher, and Augyan have described mtracorpus- 
cular bodies somewhat resembling a Piroplasma. In 1909 Rabino- 
witsch grew an aerobic coccobacillus; in 1914 Hort and Ingram 
described a pleomorphic bacillus, and in 1915 Plotz a pleomorphic 
bacillus, the so-called B. typhi-exanihematici. In 1916 Penfold, 
and later Miss Robertson, found a blood diphlococcus. In 1919 
Bornd, Cantacuzcne, Jonesco and Nasha have isolated a capsulatcd 
cocco-bacillus somewhat similar to one previously found by Pret- 
jt^tschsky. 

In 1910 Ricketts and Wilder saw some curious double bodies in 
the blood of a number of cases. In 1913 Heglcr and Prowazek saw 
numerous long, round, and diplococcal bodies in the leucocytes 
some time after infection began, but not at the commencement 
thereof. These bodies are believed to be the same as those described 


in 1905 by Rabinowitsch as ‘ Turkischen Reizformen.' In addition, 
they observed the forms described by Ricketts and Wilder, not 
merely in the blood, but also in polymorphonuclear leucocytes in 
the exudate of a blister. During convalescence the bodies agglome- 
rate in the cells, and finally tend to disappear. Post-mortem 
trachoma-like bodies were found in the endothelial cells of the heart, 


the lung, the liver, and the kidney. They are found in infected 
monkeys, but not in guinea-pigs. Infected lice were seen to contain 
small coccoid and diplococcal bodies. These bodies are believed to be 
Chlamydozoa, and to be allied to Lipschutz’s genus Sirongoplasma. 

Prowazek distinguishes them from Doehle’s bodies. To sum- 
marize, these bodies appear in the leucocytes on the third dey of the 
illness, and persist until convalescence, in one case as late as the 
nineteenth day of the illness. These bodies are called Rickettsia 


proway.eki Da Roclia-Lima, 1916, and according to this author arc 
never found in typhus-free lice, but can be found in lice infected 
by sucking infected blood; then they penetrate into the cells of the 
alimentary canal of the louse on the fourth to fifth day after an 
infective feed, and multiply therein, and do not reach full develop- 
ment until the eighth to ninth day. In this situation they are very 
small, shortly elliptical, or oval, and often lie in pairs. Noller in 
1916 considers that the lutiological role of this organism is no longer 
doubtful, and in 1917 Foulerton considered that it was probably a 
phase in the evolution of the actiological agent. In 1919 Arkwright, 
Bacot and Duncan confirm Da Rocha-Lima observations. Bradford, 
Bashford, and Wilson state that they have succeeded in cultivating 
the virus, using Noguchi's method, from the blood of two cases. 
The virus, according to these authors, consists of minute coccus-like 
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bodies, Gram-positive, grouped in pairs, varying in size from 0*3 /x 
to 0*5 fi, capable of passing through Berkefeld N and V filters. 

The Carrier. With regard to the spread of the disease, there was 
a great conflict of opinion as to whether it was infectious; most 
certainly it does not cross air-spaces, though it seems to be associated 
with bedding, fomites, furniture, and dirt, which causes the 
suspicion that the agent may be an animal parasite. Moreover, 
the fact that it only appears in the cool season of the tropics, 
and its rapid disappearance in the warm season, is also in favour 
of its transmission by some animal. Its non-infectious nature 
has been proved by Jurgens keeping twenty healthy men confined 
with twenty typhus patients freed from lice, with negative results; 
therefore suspicion is aroused that it may be spread by a blood- 
sucking parasite, perhaps an insect. 

Patton has shown that Clinocoris lecHdariits Linnaius, 1758, is 
found along the north-west frontier of India; and Husband and 
MacWalters draw attention to the fact that the distribution of this 
bug curiously coincides with the distribution of typhus in India. 

These latter observers point out that in an ipidemic occurring 
in a gaol, the hospital was found infected with bugs, which occurred 
nowhere else. On the destruction of these pests the epidemic 
ceased. Moreover, they draw attention to the fact that predisposing 
causes of typhus, such as dirt, overcrowding, and the way in which 
the infection hangs about bedding, buildings, and furniture, are 
easily explicable on the bug hypothesis. Sambon, in his article on 
Rocky Mountain fever in Allbutt and Rolleston's ‘ System,' advances 
arguments in favour of the identity of Rocky Mountain and typhus 
fevers; but Husband and MacWalters’ researches are not in favour 
of a tick being the carrier of the disease. It may be that typhus 
and Rocky Mountain fevers are caused by allied protozoan parasites 
spread by different blood-suckers. In Glasgow the flea was sus- 
pected to be the cause of the dissemination of the disease. Nicolle 
suspected Pedicukis corporis, and this was soon confirmed on 
epidemiological grounds, wliich Crawford supported by a study of the 
history of the epidemics. 

In 1909 Nicolle, Comte, and Conseil transmitted the virus from 
infected monkeys to non-inf ected monkeys by means of the bites 
of lice, Pedicitlus corporis de Geer, 1778. In 1910 Ricketts and 
Wilder found that they could immunize monkeys against infection 
with virulent blood by the bites of infected lice. In 1911 Wilder 
showed that lice became infective between the second and fifth day 
after feeding, thus proving that the causal agent had undergone some 
sort of development in the louse. In 1912 Anderson and Goldberger 
supported Wilder, and concluded that P. humanus Linnaeus, 1775# 
andP. corporis de Geer, 1778, could both become infected, and that 
this infection could be transmitted by the crushed insects or by their 
bites. In 1914 Sergent, Foley, and Vialattc found cocco-bacilli in 
lice, and in the same vear Frowazek and Rocha-Lima fouiid short 
elliptical coccal bodies'^and rods. In handling the infected lice both 
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these observers contracted the disease, and Prowazek died. The 
turthw mvestigations ot Rocha-Lima have already been noted and 
it only remains to say that he found that lice kept at 23 C. did not 
become infective, and the organism did not develop, but at 32 C. 
the organism did develop, and the lice became infective. These 
results are in direct contradiction, as regards temperature, to those 
of Nicolle, Comte, and Conseil, of Ricketts and Wilder, and of 
Anderson and Goldberger, and directly opposed to the distribution 
of the disease. Da Rocha-Lima believes the virus is passed on to 
a second generation of lice, of which larvae produced from eggs lam 
by a louse six days after an infective feed are themselves inlectea. 
The organism will develop in the human and not in the pig 

louse. ,,7 1 

In 1917 Da Rocha-Lima pointed out that Ricketts and W ilder, 
Gavino and Girard, and McCampbell, have found the parasite in 
liuman blood; Von Prowazek in leucocytes; and himself in blood, 
in smears, and in sections. 

Also in 1917 Otto and Dietrich obtained infections best by 
allowing lice to feed on tlie fifth to seventh day of the illness, as 
only 4-5 per cent, became infected on the twelfth day, and all arc 
negative after tlic fall of the temperature. They infected lice from 
a patient stno exanllicm, and they confirm Rickettsia. On the 
other hand, Brumpt is of opinion that this organism in the louse has 
nothing to do with typhus. Arkwright, Bacon, and Duncan’s recent 
observations are in favour of Rickettsia prowazeki playing an etio- 
logical role. Fiitaki’s Spirochceta exanthematotyphi, found in April, 
1917, has been proved to have nothing to do with the disease. 

Serological 1 nv estimations. — In 1916 Nicolle and Blaizot prepared 
an immune serum in liorses and asses by the inoculation of emulsions 
of spleen and suprarenal capsules of infected guinea-pigs, and tested 
its curative power on non-immune guinea-])igs, in which it j)r events 
the disease if inoculated in the stage of incubation, and stops Ihe 
fever at the onset and during tlie hrst and second day, but later 
its action is doubtful. They then tested it upon nineteen human 
patients, when all cases treated in the early stage recovered quickly, 
the temperature fell, the pidse and urine epiickly improved, but the 
nervous synqiloms recpiired repeated inoculation. It was used 
in maximum doses of 10 c.c. per diem. In cases in which the 
disease had been progressive for some time the serum acted slowly. 
In 1918 Netley and Blaizot showed that the so-called Brill’s disease 
in Paris is typhus, and that guinea-pigs rendered immune to the 
Parisian typhus are immune to the Tunisian strain. 

Propkyluxis.—M.emy observers (Maitland, Strong, Hunter, 
Jackson, Castc'llani, etc.) have demonstrated in practice the vital 
importance of louse destruction in the prophylaxis of the disease. 

Relapsing Fever. — Since 1739 it has been noticed that typhus 
and relapsing fever go side by side in an epidemic. We now know 
that the reason is because they are both spread by lice. 

Climatology. — Typhus is essentially a disease of temperate and 
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cold climates, and therefore is well known to occur in Europe and 
America. ^ 

tropics it principally appears in places situated at high 
altitudes, or where there are cool seasons, in which case it disappears 
in a niost remarkable manner as soon as the warm season sets in. 

Hirsch to be endemic in Nubia, and has been 
carefully studied in Egypt by Sandwith, where he says that it has 
been definitely recognized since 1836, and where a few* cases are 
reported every year in the spring months. It is also reported 
from Tripoli, Tunis, Algeria, and Morocco. In Asia it appears to 
occur only in epidemic form in Asia Minor and Syria, but is believed 
to be endemic in Persia, and possibly also in Afghanistan, because 
it is said to be regularly imported into India by caravans from this 
country. In India an endemic area exists on the west of the Indus, 
stretching from Beloochistan in tire south to Yusuf zai, Hazara, and 
Kashmir in the north, and then passing eastwards along the ranges 
of the Himalayas, where it is especially prevalent at Kulu, and also 
passing southwards into the district of Rawal Pindi. In Ceylon 
we have met with a few cases in European sailors, who have, liowever, 
acquired the disease elsewhere. It occurs in Indo-China ; in Northern 
China, where it is endemic, becoming epidemic every spring; and in 
Japan, where it occurs yearly in the province of Hiogo. It does 
not occur in Australasia or Oceania. In tropical America it is 
endemic in Mexico, rare in Central America, absiait in the West 
Indies, tlie Guianas, Colombia, and Venezuela, and is reire in Brazil, 
though it is common in Peru and Northern Chili. 

This climatology depends u])on the louse and the air temperature 
which is best for the parasite to develop thetein. 

The Louse . — As Pediculus corporis belongs to man. it can go 
wherever man goes, but typhus fever docs not, being absent in the 
tropics during the hot seasons. 

The Parasite. — The fact that most observers believe that a low 
temperature is necessary for the develoyjjment of the virus in the 
louse is borne out by the climatology, being limited to the cold and 
temperate climates, and only appearing in tropical or subtropical 
climates during the cold weather or in the hills. 

In Mexico it is found on the lofty plateau, in India in the hills, in 
Egypt and Northern Africa in the cool season, and it will be remem- 
bered that the clothes louse is exposed to the effects of air tempera- 
tures. 

Epidemiology. — ^Epidemics arc cauvjd by anything which favours 
the propagation of and dissemination of lice. The principal factors 
which do so are (i) massing together of people of all classes; 
(2) retaining these masses under conditions which render personal 
cleanliness and clean clothing difficult or impossible. Such con- 
ditions are typically produced in times of war and famine, and exist 
endemically among the poor. To these we must add a third 
condition, (3) an atmospheric temperature not too high — i.e., a 
Temperate Zone temperature. All this has been well exemplified 
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in the Serbian epidemic of 1914-15. when nearly one-tenth of the 
population died from the disease. . , . 

ffiMogJ.— The causal agent, which is unknown, is sppad by 
means of tho lousOf JP^dtculus coypoYts de Geer, zyyS. This insect 
obtains the virus from the blood of a case in which it is present 
from the fifth to twelfth day, but in greatest abundance from the 
fifth to seventh day, and from which it is absent after the fall of the 
temperature. The louse requires some eight to nine days' interval 
before it becomes infective. It probably remains infective for the 
rest of its life, but it is not certain whether it passes the virus on 
to the next generation or not. When an infected louse bites a non- 
immune human being, some six to ten to twelve days elapse before 
symptoms appear. An attack of typhus confers an immunity 
upon man and susceptible animals. Natural immunity exists in 
many animals. 

With regard to Rickettsia prowazeki Da Rocha-Lima, 1916, 
Brumpt, in 1918, found that it was present in seventy -two P. corporis 
removed from healthy persons who never had had or subsequently 
did have typhus fever. The bites of these lice did not cause the 
disease in susceptible animals, nor did they infect the persons who 
handled them. Pediculus humanus has no Rickettsia prowazeki. 
Brumpt’s researches tend to show that R. prowazeki is not the 
causal agent of typhus fever, while the observations of Arkwright, 
Bacot, and Duncan are favourable to Da Rocha- Lima's theory. 

Futaki in April, 1917, reported the presence of a spirochaete 
which he named 5 . exanthematotyphi Futaki, 1917, in sections of 
typhus kidneys and in the urine of patients, but in 1918 Mijashima, 
Kusama, Takano, Yabe, and Kanai proved that it was non-patho- 
gcnic to guinea-pigs and monkeys which arc susceptible to the 
typhus virus. It therefore has nothing to do with typhus. DoehWs 
scarlet fever bodies have been found by Lopez Vallejo in typhus, 
but have nothing to do with either disease. Hort has described 
peculiar coccoid bodies in filtered blood. Bradford, Bashford, and 
Wilson state that they have grown minute bodies, similar to those 
they have found in trench fever. 

Pathology. — ^According to Zuelzer, the liver and spleen begin to 
increase in size during the incubation period, and reach their maxi- 
mum size at the commencement of the illness, while von Chiari 
looks upon the congestion of the conjunctiva as due to the action 
of the virus on the waUs of the small vessels, causing perivascular 
infiltration, which he looks upon as a sign of the roseolar rash in 
this situation. 

The virus can produce immune bodies in infected animals. In 
man a second attack is rare, but has been recorded, and relapses have 
been known to occur. 

The virus lives in the blood from the fifth to the twelfth day, but 
is scarce after the seventh day and absent after the fall of the 
temperature, when it is evidently killed by the immune substances 
produced by the reaction of the body. 
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Morbid Anatomy. — ^Death is most common about the tenth day, 
being due either to the action of the virus of the disease or to com- 
plications such as pneumonia and septic infections. The spleen 
is enlarged and engorged if the post-mortem takes place up to the 
middle of the second week, but not later. There is oedema of the 
lungs and hypostatic pneumonia, cloudy swelling and fatty degenera- 
tion of the heart, cloudy swelling of the liver and kidneys, and 
hyperaemia of all the organs. The cc^ebro-spinal fluid may show 
a slight lymphocytosis. 

The muscles are dry and the rectus abdominalis may show 
Zenker’s degeneration. The spleen is enlarged, dark red in colour, 
with juicy dark red pulp, while the kidneys may show punctate 
haemorrhages. 

Symptomatology — Incubation . — ^This varies from foui to five 
to twenty-one days, according to the older views, but the more 
correct opinion is some four to ten to twelve days. 



Fig. 651. — Temperature Chart of Typhus Fever. 


Prodromal symptoms are often entirely absent, or consist of vague 
feelings of fatigue, giddiness, and headache. 

Attack.— The onset is usually sudden, being characterized by 
frontal headache; pains in various parts of the body, of which pain 
in the chest, giving rise to the suspicion of pneumonia, is important ; 
rigors; marked rise of temperature from 101° to 104 F. ; Quick pulse 
(100 to 120) ; flushed face and suffused eyes ; quickened respirations; 
and a sensation of great weakness. Rarely, however, the onset is 
slow and typhoid-like. 

Course.— The duration of the symptoms is from fourteen to 
eighteen days. During the first two or three days the teinperature 
continues to rise at night, with remissions in the morning, to a 
maximum of about 104° to 105° F. on the second to fourth days, 
during which time the tongue becomes dry, swollen, and cracked, 
with a thick brown deposit on the dorsum, while the tip and sides 
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are red; nausea may be experienced, but vomiting is rare, and the 
bowels are either constipated or normal. 

The nervous system is early affected, the patient being apathetic, 
drowsy, with a dull expression. The changes in the blood are of the 
utmost importance, and should be carefully studied. There is 
sometimes an increase in the red cells, with a corresponding increase 
in the haemoglobin, and a leucocytosis, which is usually well marked, 
being on an average about 24,000 per cubic millimetre, but varying 
between the extremes of 8,000 and 54,000. The differential leuco- 
cyte count is also of importance, for in cases uncomplicated with 
malaria or other protozoal infections the polymorphonuclear increase 
is a characteristic feature, and may exceed 90 per cent., while the 
mononuclears and lymphocytes may be reduced, especially if the 
case is to end fatally, while eosinophiles are often entirely absent— 
a most characteristic feature in a case in the tropics, where worm 
infection is common. The mononuclear decrease is, however, not so 
evident in cases about to recover, nor is it present in natives in the 
tropics, who, of course, are liable to previous protozoal infections, 
and this may lower the relative polynuclear count in these regions 
to 60 per cent, or less. 

Though there is sometimes an increase in the red and almost 
always in the white corpuscles, the specific gravity is said to be 
lower than normal, which is rather extraordinary, and must indicate, 
if true, considerable alterations in the plasma. As the disease 
progresses the rapidity of the pulse increases, and may reach 140 per 
minute, and is usually small and of low tension. The blood pressure, 
according to Kizzuti and Scordo, shows nothing characteristic. 
Th(‘ respirations aia^ always quickened, and there are generally signs 
of pharyngitis, bronchitis, or broncho-pneumonia, while delirium is 
not uncommon, es]x^cia,lly at night. 

The 7 ^ -Definite ])reliminary rashes arc rare, but there is 
often very marked Hushing of the face, neck, and upper part of the 
chest, with a cniis marmorala or subcuticular mottling of the skin 
of the lower ])art of the chest and abdomen. Tlie true rash appears 
on fourth to fifth day, in the form of roseolar macules, like those 
seen in typhoid fever, but often more abundant. They arc first, 
seen upon tlu' abdomen, and later spread to the chest, arms, and legs 
on the two latter of wliich, at all events in recent epidemics, they 
are rare, although, according to the older authors, they first appear 
and are most abundant in this position. The roseolar spots at first 
disappear on pressure, and later some of them may slowly fade 
away, while others, ceasing to disappear on pressure, become 
petechiie, though it is rare for them to develop the dark blue appear- 
ance of the petechire of such eruptions as those of purpura. This 
petechial eruption must not be confused with flea-bites, which are 
characterized at first by a central haemorrhagic spot, which is 
surrounded by a circular h^rperamiic zone, disappearing on pressure 
and fading in a day or so and leaving a perfectly circular, dark red, 
not raised petechial spot which does not disappear on pressure. 
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A petechial eruption may also appear somewhat later, but is often 
wanting, and when widespread is an indication of a bad prognosis. 
A miliary eruption may appear later in the attack, and be followed 
by a desquamation. After the eippearance of the eruption the leuco- 
cytosis becomes more marked, as do the nervous symptoms, the 
patient suffering from severe delirium, which may become quite 
violent; or he may show a stuporous condition, which becomes 
a semi-coma, and in fatal cases deepens into a profound comatose 
condition. 

Termination . — ^As a rule tlie duration of tln^ fever is from fourteen 
to eighteen days. On or about the fifteenth day tlu' lempcrature 
generalh^ falls by crisis or by rapid lysis, which may extend through 
three to five days, the rash fades, the s])leen becomes normal, the 
leuGOcytosis increases, and convalescence begins. 

In more serious cases the toxaunia may become severe during the 



Pig. 652. — Temperature Chart of Typhus Fever. 
(Chart made by Dr. G. 0 . Shattock.) 


first week, and the patient may die from the seventh to tenth day 
or even earlier. 

Convalescence . — ^This may be slow, and not rarely there is danger 
during tliis stage, as the general conditionhnay not improve with the 
cessation of the fever, and death may ensue some two to three 
weeks after defervescence. In such cases the pulse does not 
improve, and the patient becomes weaker and weaker until he dies. 
These are very trying cases for the meuical practitioner. Myocarditis 
may develop during this stage, and shows a weak irregular pulse. 

Varieties , — ^The varieties which may be mentioned are: 

(i) Mild or ambulatory cases. (2) Abortive attacks. (3) Malignant 
attacks, causing death on the second or third day. (4) Typhus 
exanthem— i.e., typhus without the rash. (5) Typhus in children. 
This is usually mild, and it is said that death in uncomplicated 
cases properly looked after is rare. Moreover, these cases are im- 
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portant because they are apt to be missed Rigors are rare, and 
often the temperature rises by steps, while tlic fever lasts only some 
nine to thirteen days. Bronchitis is frequent. The spleen is 
constantly enlarged, but the ra.sh is generally scanty. Insomnia 
is not frequent, but high temperatures often occur. Children remain 
throughout the illness in a condition of semi-stupor, and waste m a 
remarkable manner. (6) Typhus with an extensive exanthem all over 
the body and into the mouth, with or without patches of gangrene. 

Complications and Sequelae. — M ixed infeciion^; with relapsing fever, 
malaria, pneumonia, typhoid, and acute miliary tuberculosis occur. 
Complications are: — Parotitis, ending often in suppuration, gangrene 
of tlic feet, and polyarthritis, neuritis, hemiplegia, severe mental 
depression, amounting almost to melancholia (seen during convales- 
cence) may be mentioned. Also bubonic swellings, venous throm- 
bosis, diarrhoea, otitis media, abscesses, and boils occur, while 
jaundice, endocarditis, and meningitis are rare, but myocarditis 
is fairly common. 

Diagnosis. — This may be most difficult, especially in children. 
The cardinal points in the diagnosis arc: — 

[a] Incipient Typhus. — (i) The sudden onset, with sometimes 
headache, rigors, and vomiting. (2) The congested eyes and face, 
and the subcuticular mottling of the skin over the chest. (3) The 
mental confusion and stupor, associated with tlie log-like attitude 
of the whole body. (4) The leucocytosis. 

[h] Fully Developed Typhus. — (i) The typical rash. (2) The 
leucocytosis. (3) The history of the sudden onset, etc. 

Remarks on the Diagnosis. — Leucocytosis averages 24,000 per 
c.mm., and is present in proportion to the gravity of the illness; 
it is therefore of double value, diagnostic and prognostic. It 
persists through the fever, and declines after the return of the tem- 
perature to normal, and reaches the usual count on or about the 
twelfth day alter defervescence. 

The differential count shows polymorphonuclear leucocytes 
b5“78 per cent., Ivmphocytes 23-34 per cent., mononucle.ar leucocyt es 
7-14 per cent. Eosinophile leucocytes are rarely met with, but in 
rare cases may reach to 2-6 per cent. 

Weil-Felix React ion. —From the blood of patients suffering from 
typhus Weil and Felix isolated a bacillus, which they grew on 
agar and called X^,, O. This was completely agglutinated by the 
serum of typhus patients. 

For the reaction the organisms must be grown on neutral agar 
slants, and must be alive. Cultures of two to three days' growth 
are best. The reaction is said to be positive on the sixth day of the 
illness, and to be useful in retrospective diagnosis. Some observers 
believe that the reaction is due to a mixture of the true virus with 
B. proteus, but others consider it to be of the nature of a par agglu- 
tination. The organism belongs to ihe Bacillus proteus group 
of organisms. It is not suggested that the organism has any causal 
effect in the production of typhus fever. It may give complement 
deviation when used as an antigen with typhus serum, whichlis 
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negative to Wassermann’s reaction. A modification of the Weil- 
Felix reaction with killed is called ‘ Neuber’s diagnosticum.' 
It IS praised by some and condemned by others. 

The differential diagnosis has to be made from pappataci fever, 
dengue fever, relapsing fever, malaria, ' enteroidea ' fevers, rat- 
bite fever, cerebro-spinal meningitis, pneumonia, septicaemias or 
pyaemias, and unemia. 

From pappataci fever it can only be recognized at its commence- 
ment by the presence of Icucocytosis and tlie absence of leucopenia, 
and the same holds good for dengue fever. 

From relapsing fever it may be diagnosed by a blood examination 
showing the absence of spirochactes and the presence of leuco- 
cytosis, as well as by the clinical symptoms, but especiallv the 
mental disturbance. 

From malaria it can only be separated by the absence of the 
malarial parasites, which may be present in double infections, and 
by the leucocytosis. 

From * enteroidea ’ fevers it may be distinguished by the often 
abrupt onset, b^^ the leucocytosis, and by thv.; absence of the 
specific ‘ enteroidea ' organisms in the blood and fa'ces. 

From r at-h it e fever it may be known by the absence of the mark 
of a rat -bite, absence of the enlarged lympliatic glands, and of the 
spirochaetes in the blood. 

From cerebrospinal meningitis it may be told by the clear cerebro- 
spinal fluid containing no meningococci, and by the absence of stiff- 
ness of the neck, Kernig’s sign, and the presence of the typical rash. 

From pneumonia it may be parted by the absence of definite 
apical or basal dulness, of the bronchial respiration, as well as by 
the character of the sputum, with absence of blood. 

From septiccemias and pycemias by blood cultures showing an 
absence of pyogenic organisms, by the absence of blood destruction, 
and by the presence of cerebral symptoms. From septiccemic 
plague it can be distinguished by the course and blood cultures. 

From urcemia it is known by the presence of fever and by the 
analysis of urine. 

From ' flea-bites ' the diagnosis, of course, has only to be made 
in cases of fever, and can be done by the history, the patient often 
stating that the rash was in existence a long time before the fever. 
The distribution is on the limbs equally to the body. The rash is 
composed of a number of petecliial spots of a dark red colour andi 
perfectly circular in outline (see p. 13.? 4). 

From smallpox, by absence of the fall in the temperature on the 
fourth day, absence of shotty papules appearing on the face on 
the fourth day; but the diagnosis in times of contemporaneous 
epidemics may be almost impossible. When in doubt and before 
the specific rash appears the presence of well-marked vaccination 
marks are in favour of typhus. 

From influenza, by the absence of the catarrhal symptoms. 

From plague, by the absence of the buboes and the plague bacilli 
therein. 
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To facilitate the diagnosis in cases of typhus with a faint rash Dietsch 
recommends applying a rubber band round the arm. This procedure makes 
the rash below the point of application more visible, and may cause forma- 
tion of pofcchi.T. 

Prognosis.- -The case-mortality is variously stated as being from 
10 to 50 per cent. The signs indicative of serious trouble and grave 
prognosis are the absence of eosinophiles in the blood, decrease in 
the nuinher of the mononuclears, slow pulse, severe petechial erup- 
tion or nervous symptoms, alcoholism, pulmonary complahits, 
meteorism, gangrene, and cyanosis of the face. 

The signs indicative of a^hopeful prognosis are an increas(' in the 
eosinoplnles and mononuclears, the absence of the petechial erup- 
tion and slight nerve symptoms. 

Mortality is low in the young and extremely fatal in the old; 
it is sliglitly more fatal in males than in lemales, while' alcoholism, 
kidney disease, are bad prognostic elements, as is a fat or very 
muscular subject. Pregnant women generally abort, and this 
complicates the chance of rc'covery. Complications are generally 
serious in regard to prognosis. 

Treatment. — ^The patient should be ])laced in an airy, well-lighted 
room, sparsely furnished, and ])laced upon a diet of milk, broths, 
jellies, etc., while plenty of water is allowed to be drunk. Careful 
attention and nursing are rc'quired, especially when delirious 
The temperature should b('. controlled by cool sponging, and the 
nervous symptoms by ice to the head, hyoscin, bromides, or mor- 
phine, while the heart is support('d by hypodermic injections of 
strychnine, digitalin, etc. Nicolle finds that the serum of convales- 
cent cases for ten to twelve' days after the temperature has fallen 
to normal lias pro])hylactic and cureitive properties when given in 
doses of 20 C.C., repeated if necessary, and has manufactured a 
special horse serum for this purpose. He suggests that in grave 
cases it should be given intravenously. Salvarsan and neosalvai san 
have? been tried without any great success. 

Prophylaxis. — This is summarized in one word, ‘ lousing/ in which 
we include the destruction of lice on the person and on the clothes. 

The procedure is sufficiently simple: the person goes into a room, 
takes off tlie clothes, which are steamed or boiled, passes into 
another room, and is sjmayed with kerosene oil or petrol, passes 
into a third room, and receives clean or sterilized clothes. 

The sterilization of the clothes may be conducted by boiling, 
but better still by making them into lightly packed bundles and 
placing them into a truck or room into which steam is blown. This 
is easiest done in a truck, tlie steam being brought from the engine. 

A campaign against lice maybe conducted on the following lines : — 

A. Methods applied to Man : — 

I. Give illustrated lectures, so that people may understand about 
the louse, its habits, its association with disease, and its 
prevention. 

II. Advocate the use of soap and water and of the frequent bath, 
as well as of clean linen frequently changed. 
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B. Methods applied to the louse : — 

I. Pedulicides : — 

(а) Dry Heat .' — Lice and nits can be killed by exposing them for 

fifteen minutes at 60° to 65® C. 

(б) Moist Heat . — Lice and nits are killed instantaneously by 

moist heat at or over 80° C. 

This is the method most used for clothing, which may be 
boiled or exposed to steam, but must not be in tightly 
rolled bundles. 

C. Chemicals : — 

For Use on the Kerosene oil or petrol spray or vaseline, or 

cresol soap. 

For Use on Stored Naphthalene. 

II. Lice Repellents :- — 

Better-class patients: — L>usting powder of menthol 3-5 
grains, zinc oxide i ounce. 

Poorer-class patients: — Naphthalene as a dusting powder, 

III. Special Points : — 

Head Lice.- — Shave the head or cut the hair very short, or 
wash the hair thoroughly with i in 40 carbolic acid lotion, 
which is left to act for an hour, the ’ oad being wrapped 
up in a towel in the form of a turban. Then wash the 
head with soap and water and apply a dressing to any 
raw areas, carbolic vaseline (2 per cent.) or white prccipi- 
■ate ointment may also be used to destroy head lice. 

Sody Lice. — The following drugs arranged in order of effici- 
ency (according to Castellani and Jackson) may be used: — 

1. Petrol and kerosene oil. 

2. Plain vaseline. 

3. Guaiacol. 

4. Anise preparations. 

5. Iodoform. 

6. Lysol, cyllin, etc. 

7. Carbolic acid, 5 per cent. 

8. Naphthalene. 

g. Camphor. 

IV. General Insecticides : — 

The experiments of Castellani and Jackson in Serbia have 
demonstrated that pyrethrum is a very feeble pcdiculi- 
cidc, while sulphur, boric acid, perchloridc of mercury, 
when used in powder, have no action whatever. 

Substances wliich may be efficient pediculicides may, how- 
ever, have little or no action upon other insect parasites 
of man, such as bugs and fleas. For example, iodoform 
will kill lice in ten to fifteen minutes, but has no action 
on bugs and little on fleas. Pyrethrum acts more power- 
fully upon bugs than upon lice. In order to formulate 
a general insecticide several chemical substances must 
be combined. As an example of a general insecticide 
for use against lice, bed bugs, and fleas, the following is 
gi ven : — 

Equal proportions of naphthalene, previously soaked in 
guaiacol or creosote, pyrethrum, zinc oxide. 

The wearing of undergarments made liceproof by soaking in 
various di.sinfectants (crude carbolic acid and soft soap 
emulsion), as recommended especially by Bacot, is useful. 
Legroux's ‘sachets ' or small bags containing naphthalene 
treated with citronella oil may be used. 
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CHAPTER L 


THE SPOTTED FEVER OF THE ROCKY 
MOUNTAINS 


Synonyms — Definition — History — Climatology^ — -iEtiology — Morbid anatomy 
— Symptomatology — Diagnosis — Prognosis — Treatment — Prophylaxis — 
The intermittent tick fever of Wyoming — References. 

SPOTTED FEVER OF THE ROCKY MOUNTAINS. 

Synonyms. — Black fever. Blue disease. Rocky Mountain spotted fever, 
Spotted fever of Montana, Rocky Mountain fever, I xroplasmosis hominis, 
Spotted fever of Idaho, Tick fever of the Rocky Mountains. 

Definition. — An acute endemic lebrile disorder, associated with 
a petechial or purpuric eruption of the skin, which occurs after the 
bites of infected ticks, Dermacentor andersoni Stiles, 1905 (which 
is the same as D. vcmistus Banks, 1908), and probably other ticks — 
e.g., D.molestus and D. maiuraius — in certain regions of the Rocky 
Mountains. 

History. — The first case of the disease is believed to have 
occurred in Bitter Root Valley, in 1873, and from that date until 
1902 it is said that about 200 cases were observed, with a mor- 
tality of 70 to 80 per cent. During this period it was generally 
known as the ' black fever,' the ' blue disease,' or thu ‘ spotted 
fever.' 

In 1898, according to Anderson, Major M. W. Wood made an 
unpublished report on the disease to the Surgeon-General of the 
United States Army. In 1899 Maxy wrote a paper on ‘ The So- 
called Spotted Fever of Idaho,' which he described as an acute, 
endemic, non-contagious, but probably infectious febrile disorder, 
characterized clinically by a continuous, moderately high fever, 
severe arthritic and muscular pains, and a profuse petechial or 
purpuric eruption of the skin, appearing first on the ankles, wrists, 
and forehead, but rapidly spreadirg to all parts of the body. In 
1902 Gwim and McCullough read separate papers on the disease 
at a meeting of the Montana State Medical Association, and in the 
same year Wilson and drowning were deputed to investiguite it in 
the Bitter Root Valley. As a result of their investigation, they 
concluded that it was caused by a Piroplasma. They believed this 
Piroplasma to be parasitic in a squirrel {Spermophilis cohmhtanus), 
and to be spread to human beings by a tick, Darmaconior reticulatus 

1341 



1342 , SPOTTED FEVER OF THE ROCKY MOUNTAINS 

( = D. andersoni^D. venuslm Banks nec Marx). In 1903 Anderson 
was instructed to investigate the disease, and as a result of his 
inquiries he supported Wilson and Chowning as regards both the 
parasite and the tick. In 1905 Stiles published his zoological 
investigation into the cause, transmission, and source of Rocky 
Mountain spotted fever, in which he failed to find evidence of the 
existence of the parasite in man or squirrel, and of the transmission 
by the tick. His researches were supported in the same year by 
Ashburn. In 1906 King found distinct experimental evidence of 
the transmission of the disease by the tick. From 1906 until his 
recent death Ricketts has been working at the aetiology of the 
malady, and has proved that the tick D. andersoni spreads the 
disease — a conclusion which he has supported by experiments on 
guinea-pigs and monkeys; but he says that the credit for proving 
the transmission of the disease from man to man by the tick must 
be given to McCalla and Brereton. In 1908 Ashburn and Craig 
published an excehent paper on this and the tsutsugamnshi disease, 
which they indicate to be distinct from one another, and in this 
paper Ashburn accepts the transmission by the tick. Ricketts 
in 1909 found that there were really two different ticks implicated 
in the spread of the disease, and these were recognized as D. 
venmtus Banks, 1908 = 2). andersoni Stiles = 2 ). venustus Marx, 1897, 
pro parley and D. modesfus Banks, of which we have been unable 
to ftnd a description. It is obvious that there is great confusion 
as to the correct nomenclature of the ticks causing this fever. Wc 
follow Stiles, and call tlie best-known tick 2 ). andersoni. 

Climatology. — The disease is only known in the United States, 
in Washington State, (dregon, Montana, Idaho, Nevada, Wyoming, 
Utah, and Colorado. It has not been reported from New Mexico, 
as far as we know, but the causal tick is found there and the fever 
probably exists therein. In Montana it is found in the Bitter Root 
Valley, on tlie eastern slopes of the Bitter Root Mountains, and 
from there to the western bank of the Bitter Root River, by which 
it is a])parently bounded, the worst area being from Lo-lo to Como, 
a distance of about fifty miles in length, but only about four to five 
rnihis in lu'cadth. Tliis country has a considerable snowfall, which, 
thougli it begins to melt in March, lies on the mountains nntil mid- 
June. The melted snow drains into the river, which does not reach 
low-water until July. It is only during this period that the ticks 
[D. andersoni) ap])ear in large numbers, and infest men and animals 
who pass through the forests, thickets, and uncultivated regions. 
The disease is also known at Rock Creek, 20 miles, and at Bridger, 
200 miles, east of the Bitter Root River. In Idaho it occurs through- 
out the entire valley of the .Snake River, including its tributaries, 
and the foot-hills in the neighbourhood. In Wyoming it is found at 
Cody and Meetceste. In Nevada it is only known in the north, 
in the valley of the Quinn River, where it was recognized as far 
back as 1887. In Oregon it is said to be mild, and to be found 
only in the eastern portion, towards Idaho. 
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In 1913 it was noticed at Ismay and Fallow in Montana, which 
was an extension of its distribution. Possibly it occurs in Alaska. 

It will be noted that these districts extend from 40° to 47° N. 
latitude, and that the elevation is about 3,000 to 4,000 feet above 
sea-level, and are sharply defined regions in valleys or at the foot 
of hills. 

Wilson and Chowning noted that the cases occur from March to 
July, as is shown by the following list, taken from their report : — 


March 6 cases 

April 24 

May 40 

35 .> 

July .. .. .. .. .. .. 5 ,, 

Spring (exact month not known) . . . . ,, 

Total . . . . 126 cases. 


This seasonal occurrence is associated, as stated above, with the 
prevalence of D. anchrsoni during the same months. J'here is a 
growing suspicion that there is a dilferonce betv/tu'ii tlu‘ Montana 
and the Idaho strains of infection. 

etiology. — According to Wilson, Chowning, and Anderson, the 
cause of tlie disease is o, Piro plasma, but Stiles, Ashburn, and 
Ricketts liave failed to find this parasite. Stiles, Ashburn, and 
Craig seem to have thought that the disease was due to a 
trypanosome. If so, this has not been confirmed. The bacterial 
growths .so far obtained from cultures of internal organs or of the 
blood can be considered as merely accidental contaminations. 

Ricketts has shown that blood taken from a human being suffer- 
ing from the disease can be inoculated successfully into guinea-pigs 
and monkeys [Macacus rhesus), and that the transmission from 
animal to animal can go on apparently indefinitely (100 generations). 
These inoculations produce a disease characterized by an incubation, 
a fever, an eruption, and post-mortem appearances similar to those 
found in human cases. No bacteria can be cultivated from the 
internal organs or blood of the infected animals, but the virus exists 
not merely in the scrum, but so closely attached to the corpuscles 
(white and red) that it cannot be separated from them by washing; 
moreover, it will not pass through the pores of a Berkefeld filter. 
Immunity follows an attack, and hyperimmunity can be induced 
in guinea-pigs, 

Fricks by centrifuging infected se^'iim for four to six hours at 
2,000 revolutions per minute separated a virulent deposit, in which 
he found in the scrum bright red granular and light blue bodies 
when stained by Giemsa and in the corpuscles elongated chroniatinic 
bodies. He hesitates to draw any conclusion concerning these 
bodies, but thinks that the virus multiplies in his cultures. Wolbach 
finds diplo-bacillary-like bodies, resembling those found by Ricketts, 
in large numbers in endothelial cells in and around vessels and 
lymphatics, and in the muscle cells of vessels. He thinks that these 
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organisms may possibly be allied to spirochastes. He has been 
unable to cultivate them. 



Fig. 653; Male. 



Fig. 654; Female. 

Figs. 653 and 654. — Dermacentor andersoni Stiles, 1905. 

The virus can be aciiuired and transmitted by the larva, the 
nvmph, and tlie male or female adults of Dermaiocentor andersoni, 
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and in a few instances can pass through the eggs into cv_ , , 

generation of ticks. According to Ricketts, the Idaho discTs^^^^^ 
spread by Dermatocenlor modeskis, and the Montana by D. vcnustus 
Banks, 1908, Marx, 1897 ( = /). andersoni Stiles, 1905). He is 
inclined to think that there is a difference between the two forms 
of fever, especially as the former has a death-rate of some 5 per 
cent, and the latter of about 90 per cent. 

Infected ticks arc found but sparingly in Nature. Thus, of 
513 ticks found on animals, 296 or more were allowed to attack 
guinea-pigs, with the result that only one of the animals took the 
disease after an incubation of seven days. The infected guinea- 
pig was found to have thirty-six male ticks upon it, all of which 
had come from a horse. 

A tick fed on a human being suffering from tlu* disease com- 
municated it first to a man and afterwards to a woman by its 
bites. Ricketts, examining the blood of patients and the eggs of 
infected ticks, lias observed pciculiar bacillary-like structures, 
which show bi-polar shaining. He has not succeeded in cultivating 
the germ. Wolbach in 1916 and 1918 has cenfirmed Ricketts’ 
observations. Arkwright, Bacot and Duncan consider the Rickett- 
sia bodies found in Rocky Mountain Fever to be slightly larger and 
usually longer and more lancet-shaped than those observed in typhus 
and trench fever. Michie and Parsons have no doubt that the 
infective agent is in the salivary glands of the tick. Transmission to 
a tick requires twenty-four hours, and infection of a guinea-pig one 
hour and forty-five minutes at least. The tick is the natural 
reservoir of the ])arasitc of the disease, and lives upon domestic 
animals, horses, and cattle, as well as upon six varieties of wild 
rodents, including CitcUiis colnnihiamts and M annota Jlaviv cutes, and 
the jack-rabbit ; but according to kddeks sheep are unsiiitalde as hosts, 
but this has failed to be confirmed. There is no doubt that the 
parasite of the fever multiplies in the tick, and there seems to be an 
opinion that Dcrnuiioccntor andersoni [~1). vciiiistiis) in Montana 
produces a fever with a 90 per cent, mortality, while D, mahiratus 
in Idaho one with a 5 per cent, mortality. See also Chapter XXXV. 

With regard to predisposing causes, there are sex and age in- 
fluences to be noted. Men are more frequently attacked than 
women, and tlic most common age is from fifteen to fifty 
years, both of wliich merely signify that persons performing out- 
door work run a greater risk of infection them those otherwise 
employed. 

Pathology. — ^During the fever the virus can be found in the red 
and white cells as weli as in the serum. It also exists in the liver and 
spleen. 

Morbid Anatomy.— Rigor mortis is well marked, and t lie skm shows 
lividity in dependent and petechias in non-dependent parts, and at 
times the marks of the tick-bites may still be visible. 

The pleura, lungs, and pericardium, and most of the organs, arc 
normal, but petechiic may be seen on the cpicardiiim; while the 



conr-^D FEVER OF THE ROCKY MOUNTAINS 
1346 oJrU • 

1. ,^iid Spleen are enlarged, congested, and soft, and the kidneys 
^le^congested, and may show subcapsular lia^anoii lages. 

Histo-pathology. — The microscope shows capillary congestion of 
the organs with an excess of leucocytes, and an extiavasation into 
and pLme’ntation of the skin. Acute parcncliyinatous degenera- 
tions of the heart muscle, the spleen, liver, and kidneys, are also to 

be noted. ^ i ,• r. 

Symptomatology— Incudalion.- — ^"flie incubation period varies irom 
two to seven days, during which prodromata, in the form of irritation 
in the tick-bites, from which pains may radiate, and chilliness with 
malaise and nausea, may be experienced. 

Ons^L~~The illness often begins with a distinct chill, accompanied 
by severer headache, pains in the back and other parts of th(‘ body, 
and a rajiid rise of temperature to 103'' to 104'' h\, associated with, 
a furred tongue, a dry skin, yellow and congested conjunctiva', an 
irritating cough, at times epistaxis, and the passage of febrile 
urine. 

The fever continues to rise, with slight morning remissions, 
until a maximum of 105 "" to 107 F. is reached about the fifth to 
the twelfth day. About the third day (second to seventh) a 
macular eruption appears on the wrists and ankles which quickly 
s])reads iij) tlie arms and legs on to the back, forehead, chest, and 
abdomen, so that the whole body is included in about one to two 
days. The macules vary in size from i to 5 millimetres in diameter. 
They are not elevated, and at first disappi'.ar on pressure, but 
liter become jiermanent, and finally turn petecliial about the sixth 
to the t(Uith day. Associated with the eruption is a dusky-red 
mottling of the skin, and often a subicteric tinge of both the skin 
and the coiijunctivie. The eruption is, however, by no means 
always well marked, and, in fact, mild cases have been reported 
in which it was absent. 

The pulse is from the first very rapid, reaching from no to 150 
})er minute, and not as a rule in proportion to the temperature. 
At first full and strong, it becomes gradually fc'.ebler and smaller, 
and is often dicrotic, and in severe cases may be intermittent and 
irregular. The blood shows a diminution of the erythrocytes and 
haemoglobin, with a slight increase in the total nnmb(T of hnico- 
cytes and a relative increase of the mononuclear leucocytes; but 
in considering tliese blood-counts, allowance must be made for the 
altitude at wliich the disease occurs. Qlderna of the face and 
limbs may be present in severe cases. 

Course . — At first the tongue is covered by a tliick white fur, but 
later it becomes dry, cracked, and brownish, and sordes collect on the 
teeth. Nausea may ho. ])resent during the first week, but is more 
common in the second, and generally lasts till the end of the illness. 
Constipation is usually present throughout the attack, and the 
liver is often slightly enlarged, while the spleen extends beyond the 
costal margin, and is tender. There is usually a slight sore throat, 
and there may be signs of a mild bronchitis, associated with an 
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increase in the number of respirations, which may reach from 
twenty-six to sixty per minute. 

The urine pi esents the usual febrile character, and often contains 
a trace of albumen, which occasionally may reach considerable pro- 
portions, and be accompanied by a few granular casts. More 
raiely the urine may be scanty or even suppressed. The mind is 
usually clear, ])ut in severe cases a low muttering delirium may 
occur. 

Terminations.— Kit the fever has reached its height on the fifth 
to the twelfth day, the temperature either declines by lysis, and 
recovery takes place, or it remains high, and, a typhoid state de- 
veloping, death ensues. If the former event is to take place, the 
temperature, falling by lysis, reaches normal about tlu' fourteenth 
to the eighteentn day, the eruption commences to fade, and 
desquamation begins, which extends all over tlie body, while the 
other symptoms gradually abate and the patient bccoires et)nvales- 
cent. If, however, death is to ensue, the temperature remains about 
104° to 106'' F., but sometimes shows a sadden final fall just before 
the fatal event. 

Convalescence.— may take some time, and it is said 
that the sites of the eruption are clearly visible even twenty-four 
days after recovery if a warm bath is taken. 

Complications, — Pneumonia is a comparatively frequent com- 
plication, but gangrene of the fingers, toes, and skin of the scrotum 
and penis may occur. Nephritis, cardiac weakness, and meningitis 
are possible complications. 

Diagnosis. — ^'Fhe malady may be difficult to differentiate from 
typhoid fever, typhus, and the Japanese river fever. From typhoid 
fever it can be distinguished by the more acute onset, the petechial 
eruption, commencing on the hands and wrists, the absence of 
marked intestinal symptoms, and the presence of leucocytosis. 
In doubtful cases all the modern bacteriological methods — scrum 
reaction, search for the Bacillus typhosus in the blood, stools, and 
urine — ^will have to be used to exclude typhoid. 

The distinction between spotted fever and typhus on clinical 
grounds seems to us impossible. Though in typhus the disease 
may end more often by crisis than by lysis, all the other clinical 
symptoms, and the appearance of the eruption, arc practically 
identical; in fact, Sambon and others believe that the Rocky 
Mountain spotted fever and typhus are the same entity. Possibly 
typhus and Rocky Mountain spotted f^ver are due to two varieties 
of the same organism, or two very closely allied species, in the same 
way as African, European, American, and Asian relapsing fevers 
are due to very closely allied organisms. It has been noted that 
guinea-pigs are susceptible to inoculation of Rocky Mountain fever 
virus. Inoculation of blood, especially if taken at the end of the 
febrile stage, produces pronounced swelling of the scrotum in 
guinea-pigs, and this has been suggested as a test to different ia,te 
Rocky Mountain fever from typhus. Recent immunological studies 
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have thoroughly established the difference between Rocky Mountain 
fever and typhus. 

The istUsugamiishi fever may present a course very similar to the 
Rocky Mountain spotted fever, but the presence of one or more 
eschars near tlu; genitals or the axilla, and the eruption begin- 
ning on the face, and not becoming petechial, are characteristic. 

Prognosis.— It appears that the prognosis is much more serious 
in some localities than in others. In Montana tlie mortality has 
been as high as 90 per cent., while in Idalio it has always been 
very low (5 per cent.). The reason for this difference may be that 
tlierc arc two distinct varieties, one spread by D. andersoni [D, 
venustus) and the other by 1 ). maiuratns. When tlie eruption is 
not much marked and not generalized, the prognosis is favourable. 

Treatment. — Quinine has been advised and given in large doses, 
but it does not sliow any specific effect. Atoxyl and salvarsan have 
no effect. Adrenalin has also been advised. The treatment can 
be only sym])tomatic. To relieve the severe headache cold appli- 
cations may be used, or, with prudence, small doses of antipyrin, or 
pyrarnidon, or Dover’s powders. Large quantities of water shoidd 
be drunk, so as to flush out the kidneys. The water may be slightly 
acidulated. Tepid sponging is usefid and refreshing. When the 
temperature rises above 103''’ F., cold sponging should be used, and, 
if necessary, tin; cold bath or cold pack. vShould the pulse become 
small and irregular, cardiac stimidants must be administered. 
The room should be darkened, and the patient k(‘pt undisturbed. 

The diet slioukl l)e liquid, chieily milk and brotlis. Alcoholic 
stimulants may l)e indicaU^d in some cases. 

Prophylaxis. — This may be considered under two headings: — 

{a) Man. 

(/;) The Tick. 

[a] Man. - - ['his consists in avoiding as much as possible localities 
wher(‘ the licks are abundant, and destroying these arachnids. A 
tick should l)e removed by a])i)lying ammonia, turpentine, kerosene, 
or carboliz(‘d vaseline, and then tlie l)ite may be cauterized with 
pure carbolic a.cid. vSome authorities advise the internal adminis- 
tration of quinine, but this does not prevent the development of 
the fever. 

{b) The Tick . — ^^riic prophylaxis campaign against the tick is 
divided into: — 

1. Destruction of ticks. 

2. Removal of natural tick hosts. 

3. Protection of domestic animals against the tick. 

These ends are accomplished by periodic dipping of cattle and 
horses in the usual arsenic solution to destroy the ticks, by poisoning 
and shooting rodents, by restricting the movements of domestic 
animals from infected areas, and prohibiting the entrance of animals 
into these areas during the period from February to July. 
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The arsenical solution used as a dip is composed of the following 
ingredients: — x jr & 


Sodium carbonate 
Trioxide of arsenic 
Pine tar . . 

Water 


24 pounds. 
8 

2 gallons, 
to 500 


A galvanized tank is used containing 30 to 40 gallons of water, which is 
brought to the boil. The sodium carbonate is now added and dissolved by 
stirring, and then the arsenic is dissolved in the same way. The fire is now 
stopped and the pine tar added in a thin stream and tlioroughly mixed by 
stirring. The solution so formed is the stock, and can be diluted to 500 gallons 
as required. 


THE INTERMITTENT TICK FEVER OF WYOMING. 

Definition. — An intermittent fever due to the bile of Dcrniacenior ander- 
soni. 

History and Geography. — This fever was described by Kielfer in 1907 as 
being found at Fort D. A. Russell, in Wyoming, United Slates of America, 
but his account so far has not been confirmed, 

etiology. — The fever comes on after the bite of D. andersoni^ — i.c., the same 
tick which causes the spotted fever of the Jtocky Mountains — but no specific 
organism has so far been described. 

Symptomatology. — The incubation period varies from three to seven days, 
after which the disease begin ; suddenly with a rigor, nausea, vomiting, and 
pains in the joints and muscles. The temperature rises between 103° and 
104° F., and continues high for twenty-four to forty-eight hours, after which 
a remis.sion of forty-eight hours occurs, and then another attack, and so on 
for three to seven attacks. Less frequently the attack resembles typhoid, 
with a ladder-like rising temperature and abdominal symptoms, but Widal's 
reaction is absent. There is nuirked decrease of the erythrocytes and haemo- 
globin, and a slight lymphocytosis, due to increase in the number of the large 
mononuclear leucocytes. 

Treatment. — Hypodermic injections of arsenic in some form are recom- 
mended as tlie best treatment for the disease. Saivarsan should be tried. 
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CHAPTER LI 


TSUTSUGAMUSHI FEVER AND ALLIED 
FEVERS 


Synonyms — Definition — History — Climatology — /titiology — Pathology — 
Symptomatology— Diagnosis— Prognosis — Treatment — Prophylaxis — 
Allied fevers — Kefercnces. 

TSUTSUGAMUSHI FEVER. 

Synonyms. — ■ Japanese Piver fever, Flood fever, Island disease (Shima 
disease). Kedani disease (' kedani ' is the hair-louse), Akamushi disease 
(‘ mushi ' is the Japanese for a bug or insect ; ' akamushi ' means ' red insect '), 
Shima mushi disease (Island bug disease), Tochu-bio, Shashitsu, Pseudo- 
typhus. 

Definition. — ^'rsutsugamiislii disease is an acute endemic febrile 
disorder caused by the bite of a mite, Microtrombidium akamushi 
Brumpt, 1910, producing a small local necrotic area, painful en- 
largement of the })roximal lymphatic glands, and an exanthematous 
eruption. 

History. — ^l^sutsugamuslii disease is said by Ashburn and Craig 
to have been mentioned under the term ‘shashitsu' in Cliinese 
writings more than one thousand years ago, when it was described 
as a fever due to the bite of a mite, which produced a pustule in 
summer-time in people who entered those parts of the country 
which had been flooded by the spring rains. I'he Japanese litera- 
ture on the subject is considerable, but the descriptions written in 
European languages are not extensive, the earliest contributions 
being by Palm in 1878 and Baelz in 1879, while Ashburn and Craig, 
in 1908, give an excellent account of the disease and its causation, 
together with a comparison with the spotted fever of the Rocky 
Mountains. 

Climatology. — ^'riie geographical distribution is limited to the 
island Nippon, of Japan, where it is confined to the districts Akita- 
ken and Nugata-ken (‘ ken ' means a ‘ district '), in which certain 
lands are flooded in June, in the former district by the Rivers 
Omonogawa and Minasegawa, and in the latter by the Rivers 
Shinanogawa, Akagawa, Uwonumagawa, and Hajadegawa. Further, 
it is limited to certain parts of the regions flooded by these rivers. 
The floods only last a few days, and the regions do not become 
dangerous till after a few weeks, when a red mite appears, which 
may attack any person entering these places. In fact, so great 
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is this danger that tlie lands have been abandoned, except by the 
very poor, who enter tJiem in order to cultivate hemp or corn, 
or to pther mulberry-leaves to feed silkworms. The disease is to 
a imi ed extent transportable with corn, liemp, and other articles. 
It occurs most frequently from the middle of July to October. 

ccordmg to Weir, a similar disease exists in Korea: to Dowden, 
in the Malay States; to Schdffner, in Deli; and to Noc and others, 
at vSaigon. 

-ffltioJogy {vide also p]). 726 and 920). — ^^fhe causation of the 
disease is not known, but there are three theories wliich have been 
supported by various investigators. 

These theories are: — 

J^cictevial 1 heavy . — Many bacteria have been described as the cause 
of the disease, the hrst being a Pvoteus, found by Balz and Takana, associated 
with staphylococci and streptococci in the lungs, sputum, and urinary .sedi- 
2. The Protozoan Theory .—OgdiUi considers that the cause A the disease 
IS a Plasmodium, which he states he lias found in the blood of numerous 
patients. Ogata’s observations have not been confirmed. In 1917 Hayashi 
claimed tliat the parasite was a Piroplasma vvliich existec’ in monkeys, guinea- 
pigs, and calves, inoculated with blood from a patient, in the form of gramilejs 
and rod-shaped, globular, and annular masses in giant ctdls found in the 
lymphoid tissue, espociafly of the guinea-pigs. 

Myashima has found rodlets in the akamushi and in inoculated animals. 

Magayo, Miyagawa, Mitamura and Imamura stale that tliey liavi; ciilli- 
valed an oval, non-capsulated. non-mntile orgn.nism from palicnfs suffering 
from tlie disease?. 

3. The Chemical Theory . — Tamika believes that tht? triu? cause is a toxin 
contained in the* body of the mile, and introduced by its bite. 



Fig. 655 . — ■Microtrombidium akamushi Brumpt. 

(After Hirst, from the Journal of Economic Biology.) 

Tlie only certain facts which wc know concerning the ietiology 
of this disease is theit tlie symptoms follow the bite of tlic larva of 
Microlrombidiim akamushi Brumpt, and that immunity is not con- 
ferred by an attack. I'liis larva (akamushi), which, though bright 
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red or orange in colour, is so small that it is almost invisible to the 
naked eye, is found in large numbers on the inner surfaces of the 
ears of field-mice {Arvicola naiancdzmni Sasaki) caught in July 
and August in ( he infected regions. The akamushi of other regions 
do not cause the disease, which, of course, is against the chemical 
theory as to the ;etiology. Miyajima claims to have infected 
monkeys by inoculating blood derived from a person suffering 
from the disease, and also by the bites of the mites. Mice and 
guinea-jugs are said to be immune— a statement which, however 
IS oppo.scd by Ogata. The larva has been reared and adult mites 
obtained by Nagayo, Miyagawa, Mitamuar, and Imamura, as well 
as by Miyajima and Okumura. The last-named suggest that the 
conect name for the mite \sLepliis oliafiuishi (Brumpt). 

Only poor people enter the infected lands during the months of 
July to October, and as any person who docs so is liable to infection 
tne ciiscase is mostly found among the poor. 

Pathology .—f he post-mortem reveals a small ulcer, sometimes 
still covered by an eschar at the site of the bite, and enlargement 
sofhnV lymphatic glands. The spleen is enlarged and 

mucosi Vnft n*i congested, and the bronchial 

inti imer) W reddened, and tl;e kidneys are 

lu-stoTogyof^Uiga!? description of the 

prostr u tliere may be a feeling of 

!ire wSilng. definite prodremata 

sevm%iTrindrf ‘%'''’^!‘ accomi,anicd by 

n«s w i - e ' birehead and temples, and a sensation of weak- 

o-ithMU /' quickly rises to 101“ to 103^’ V. The 

['iands X I, 1 ^ cmnplams of pain m certain enlarged lymphatic 
tom ’ '“spection, are found to be tender^ eiiiit e distinct 

ion <uu^ another, and freely movable under the si i . A tnrcl 

nma glands may nweal a circuht ves.eS 

more bhd“( • Hm' ’"diameter, but more usually one or 

dnl sh S^aieo e surrounded l.y a 

bites of tlmlm^ ^ “^dicate th,. sites of fhe 

reaHnni'^-!''*^.''e'"*' ‘''.’’bimies to rise during the next few davs 
at ios°^F m'UXinnim m tlie second week, when it may be as high’ 

pherv of thich 's r'T'.'''' 1" '' pi'nch.ed-out ulcer, the peri- 

About the iift]i to ^hihiatcd, but not pamful nor tender, 

face nt eforn ofi ' ‘^'^y eruption appears on the 

on the cheeks givin'tti/' f “'^y become confluent 

ssssIshSIk! 
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when the pressure is removed, and do not itch. Between the spots 
on the trunk and forearms follicular papules may be noted, but 
the eruption is not so well marked on the arms and thighs. 

At first the pulse is full, and not very rapid, varying from 80 to 
roo per minute; later it may become small and quick, and at times 
dicrotic. Ihe first cardiac sound is often impure, and the trans- 
verse diameter of the cardiac dulness may be increased. 

In the blood the red cells are found to be diminished, and the 
luemoglob in proportionately reduced. In mild cases there is often 
an increase in the large mononuclear leucocytes and lymphocytes, 
but in se V ere cases t h e t ot al number of leucocy t cs i s oft en diminished , 
though there may be a relative polymorphonuclear increase. 

Ihe tongue is ^t first moist and slightly coaled, but later it 
becomes dry, brown in the centre, and glazed at Ihe tip and edges. 
The gums in some cases are spongy, and bleed, while sordes may 
collect on the teeth, and a few punctiform spots be noted on the 
palate. The epigastrium and left hypochondrium are tender; 
the liver, liowever, is not as a rule palpable, though the spleen is 
usually slightly enlarged. 

The nose and throat are normal, but the rate of the respirations 
is increased, and the breatli-sounds are liarsh and accompanied by 
rhonchi, which can be heard all over tlu' clu'st. Usually there is a 
certain amount of coughing, but the expectoration is scanty. 

The urine is diminished in quantity, high-coloured, and may 
contain albumen, and often gives the diazo-reaction. Strangiiry 
may occur. 

The conjunctivae arc early injected, a feature which becomes 
more marked as the disease progresses, and is associattxl with 
lachrymation. 

From the very first there is a great hypenesthesia all over the 
body, and there may be delirium at night, and ditficulty in 
hearing. 

About the fourteenth day of the illness the eruption begins to 
fade and the fever to remit, and in the next five or six days the 
temperature falls by lysis to normal, and, the general condition 
rapidly improving, convalescence begins. Recovery is usually 
quick, and by the twenty-first day from the commencemeait of 
the attack the patient is well. 

In bad cases, however, coma and hyperpyrexia may develop in 
the second week, and cause the death of the patient. In other 
cases death may be caused by coroqdications, which may arise 
either in the second week or during convalescence. 

Varieties, — Severe types of the disease end in deatli about the 
ninth to the fifteenth day from hyperpyrexia, cardiac failure, 
pulmonary oedema, or from complications. Mild types, showing 
only the bite and the enlargement of the lymphatic glands, and 
associated with but little fever or eruption, quickly end in recovery. 

Complications. — ^^fhe commonest complications are parotitis, 
niel?ena, mania, and cardiac failure with pulmonary oedema. 
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Diagnosis.— The differential diagnosis from Rocky Mountain 
spotted fever and typhus has already been discussed (p. 1347). At 
the onset — ^when the inguinal or other lymphatic glands are enlarged 
and painful — ^plague might be suspected. The presence of the 
necrotic area, and, in any doubtful case, the microscopical examina- 
tion of the gland juice, which in plague contains numerous bi-polar 
staining bacilli, will enable a diagnosis to be made. 

Prognosis. — ^Idie prognosis is good in the young, and in second 
and third attacks, which are always milder than the first. It, 
however, gets worse as age progresses, and especially in first attacks. 
TJie mortality is about 30 per cent., but increases markedly with 
age, being only 12*5 per cent, in the first, and 57 per cent, in the 
seventh decade of life. 

Treatment. — Quinine is generally administered, but it does not 
influence the fever to any marked extent. Salvarsan might be 
tried. Marcotics may be required to combat the sleeplessness, and 
constipation must be. relieved by purgatives and encmata. Phen- 
acetin, antipyrin, and salicylates are generally badly borne by the 
patient. 

Prophylaxis. — Ihe prophylaxis consists in the avoidance of the 
infective regions during the months ol July to October inclusive, 
while the cultivation of the infected regions, and especially the 
planting of Intcalypius globuhis and Panlonnia hnperiaJis, are 
advised, as well as the smearing of the exposed parts of the body 
with eucalyptus oil and balsam of Peru, which are said to keep 
away the mit(!S. 

The iitiljves believe that the manuring of the infected lands with human 
l^ces ior three consecutive years will make them free from the mites provided 
there is no Hooding during that period. 


ALLIED FEVERS. 

PSEUDO-TYPHUS OF DltLI, SUMATRA. 

In 1902 Schiiffuer observauJ a peculiar fever in Deli, Sumatra, 
which he di^scribecl in 1013, and which he thinks may iiossibly be 
due to a tick. ^ 

In occurs Irom June to August and from November to January. 

i he site ot the inoculation is marked by a small red spot, followed 
by necrosis of skin and inflammation of the local lymphatic glands. 
Ihe necrotic ulcer may measure 2-7 mm. in diameter, and shows 
little tendency to heal, while other lymph glands enlarge. 

On or about the second to third day a roseolar eruption appears 
all over the b^^dy, being most marked upon the trunk and flanks, and 
less so on the face and limbs. This eruption slowly fades during 
eight to ten days. Sometimes it is but slightly marked ; sometimes 
it IS luemorrhagic and followed by dc.sqiiamation. 

The fever is like that in enteric fever, and is associated with severe 
nervous symptoms. 
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Diarrhoea is rare, but pulmonary complications are not unusual, 
an a buminuria is generally present. The blood shows an increase 
in 1 e white cells, particularly the lymphocytes, while the eosino- 
philes are diminished. 

No organisms could be found in the blood, and there were no 
reactions to serum tests for the enteric fevers, nor could monkeys be 
mtected by inoculation. 

KOREAN CONTINUED FEVER. 

A somewhat similar fever to tlie Sumatra, fever is described by 
Weir. It occurs in spring and early summer. No bite is mentioned, 
but there is the rash; no diarrhcna, but frequent pulmonary com- 
plications and the nervous symptoms. The course of the fever is 
often short and terminates by lysis. 


MALAY STATES FEVER. 

^ Dowden in 1915 described a somewhat similar fever in the 
Federa,ted Malay States, but gave no a'tiological information. 
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CHAPTER LII 

RAT-BITE AND CAT-BITE FEVERS 

Rat-bite fever— Cat-bite fever— Squirrel-bite disease— Addendum - References. 

RAT-BITE FEVER. 

Synonyms.— Sodoku (So=rat, dokur=bite); Ficvre par Morsure de rat 
Morso-di-Topo; Rattenbisskrankhcit. ; Kaltenbeetziekte. 

Definition. — relapsing fever of long duration characterized by 
redness and swelling at the site of a rat -bite, often by a generalized 
papular eruption, and caused by Spiroschaudinma morsnsmuris 
Futaki, Takaki, Taniguchi, and Osimii, 1916, living in the mouth 
of Epimys norvcykits Erxleben, 1777, in many parts of the world, 
and inoculated by means of their bile. 

History. — Rat-bite fever is mentioned in Japanese medical books 
from the most ancient times, and Scotch, French, and Spanish 
literature have references to the disease, but it was not until 
Katsura in 1890 and Miyake in 1899 reported cases that any interest 
was taken in the malady. In 1908 some twenty-one Japanese 
investigators, according to Ilora, had reported some thirty cases, 
whicli have recently been increased very considerably. It has also 
been recorded by Horder in England: by Procscher in the United 
States, in which the literature of the nineteenth century shows 
occasional cases among settlers; by Frugoni in Italy, who has 
given a very good general account of the malady, and by Lou and 
Cockin from liast Africa. As we stated under this heading in the 
first edition of this book, there is a curious belief in Ceylon that a 
rat’s bite is a serious injury, and is apt to be followed by a chronic 
disorder which is popularly called leprosy, but which we have never 
been able to see. In Ceylon the belief is that the rat’s bite is only 
pernicious in the breeding season. And in Japan Horn’s case is 
stated to have been due to a bite of a female rat which was suckling 
its young. It is said that the same disease may follow the bite of 
a weasel, and it is known that weasels kill rats, and therefore it is 
possible that infection may come in this manner to the weasel. 

In 1898 Millot and Carpentier, and in 1907 Roger, drew attention 
to the existence of the disease in France. 

In 1908 Ogata considered that the causal organism was a sporo- 
zodn (Rattengift sporozoon). In 1914 Schottmiillcr obtained a 
nocardia, which he called Streptothrix murisratti, from the blood of 
cases of the disease. This organism has been supported by the 
observations and experiments of Blake and others, but is now 
merely of historical interest. Douglas, Colebrook, and Fleming, 
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streptococcus, while Coles has suggested that more 
than one germ may be the causal agent. 

n 19^6 Futaki, Takaki, Taniguchi, and Osumi discovered a 
spirochaete in the lymph glands and pathological products of patients 
suffering from the disease. In the same year Costa and Troisier 
reported cases in France. 


Climatology,— As the rat is widespread, so the disease is found in 
many fhp world, being recorded in Japan, China, Ceylon, 

nclia, Dutch Indies, East Africa, England, France, Italy, Balkans, 
Holland, Germany, and North and South America. 

iEtiology. butaki and his collaborators, in 1916, reported the 
presence of a spirochete 9"^^ microns in length in the lymph glands 
and in the tissue fluid from the bitten area. Eater tlicy found in 
man and inoculated animals shorter and thicker spirochetes 
2-6 microns long, with regular close steep waves and a filament at 
each end. Isliiwa.ra, Ohtawara, and Tamura, in 1016 and 1917, 
in investigations with regard to experiinemal rat -bite, found spiro- 
chetes morphologically identical with tlic sliort forms described 
above, and Kitagawa and Mukoyama, in 1917, f< und forms measur- 
ing 6-10 microns in length, with a smaller one measuring some 
j\ microns and a larger iiieasuring 12 microns, in tlieir inoculated 


guinea-pigs. 

In 1917 K^i'iicko and Okuda, in performing a post-mortem on a 
case, found: — 


1. Long spirochcBtes, 6-10 micions in lengtli, with numerous small, 
steep, irregular waves, identical with Futaki’s long spirochete. 

2. Short spirochaies, 1*7-5 microns in length, with two to six 
steep, close, regular waves, identical with the sliort spirocliete of 
Isliiwara and Futaki, and also to the spirochetes found by Ido and 
his collaborators in guinea-pigs bitten by rats and so infected. 

These short parasites have been found l)y Ido and others in human 
blood films taken at the height of the disease. Kaneko and Okuda 
found tile spirochetes in the kidney in casts in the straight tubules, 
the canals of Henle, and the intercalary portion of tlie boundary 
layer. They have also been found in the cortical cells of the supra- 
renal capsules and in an interstitial space in the testicles, but not 
in other organs. 

The long and the short spirochetes belong to the same species, as 
is proved by pure cultures. The long spirochetes are considered to 
be old forms, and arc exclusively found in human tissues. The sliort 
spirochetes are the typical young forms, and can be found in the 
blood of patients suffering from rat-bite fever, as well as in experi- 
mental animals. In no instances have they been found in healthy 
guinea-pigs, wliite rats, or mice. They arc absent from the blood 
and tissues of infected animals receiving salvarsan treatment. 

Ido, Ito, Wani, and Okuda have demonstrated that tlie serum of 
persons who have recovered from the disease cont ains an immune body 
which destroys 5 . morsusmuris, as demonstrated by Pfeiffer’s test and 
by the fact that the guinea-pigs employed for this test remain well. 
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Human serum shows definite spirochcctolytic and spiroclia^ticidaJ 
properties eleven months after the onset of the disease. 

These researches make it probable that 5 . morsusmurn is tlie 
setiological agent of the disease. 

Naturally infected guinea-pigs have been seen by Niowaka, 
Yoshizawa, and Mumcnto, who have shown that tlie disease can 
be spread from guinea-pig to guinea-pig by subcutaneous injections 
of the saliva or by bites of infected guinea-pigs. The organisms 
may possibly live in the salivary glands of rats. The men mostly 
infected are agriculturists and sailors, but it has been seen in soldiers 
in the trenches and persons living in ordinar}^ houses. 

Row regards the strain found by him in Bombay as being different from 
the Japanese strain. 

Pathology.— At first the reaction against the organism is weak, 
but later immune bodies specific against the spirocliades arc found. 

Morbid Anatomy. — Only four post-mortem examinations arc 
on record — viz., those by Miiira and 'J'oriyama in 1897, by Blake in 
1916, and two by Kancko and Okuda in 1917. 

In the first the conditions were increase of the cerebro-spinal fluid, 
hypeneinia of the meninges, inflammatory oedema of the lungs, and 
cloudy swelling of the liver. 

In the second there were acute ulcerative endocarditis, subacute 
myocarditis, interstitial hepatitis, glomerular and interstitial 
nephritis, infarcts in the spleen and kidney, ha.'morrhages and 
oedema of the lungs. Microscopically, degeneration and necrosis 
of tlie cardiac muscles; polymorphonuclear infiltration into the liver 
and into the shrunken kidney, but many of the changes may have 
been due to the nocardia found by Blake. 

In tJie third case there were no marked pathological changes, 
except parenchymatous changes in the organs, sucli as hyperamiia, 
swelling, and degeneration of the tubular epithelium of the kidney. 
There is degeneration, necrosis, and destruction of the liver cells, 
particularly in Hie centre of the lobule, with hypersemia and fatty 
degeneration of tin* periphery of the lobule, with also hemor- 
rhages. No abnormalities in the spleen, lymphatic glands, or 
bone-marrow, exce])t tliat the local lymph glands show a hyperplasia 
of the parenchymatous cells. Catarrhal changes are seen in tlie 
mucosa of the stomach, as well as catarrhal cystitis, congestion of. 
the lungs and meninges, and degeneration of the muscles of the leg 
and nerve cells of the brain cortex and spinal cord. 

The skin near the bit e shows hyp eriemia, oedema, and polymorpho- 
nuclear infiltration into the corium and subcutaneous tissue, but no 
changes in the epidermis. 

I he changes found in experimental animals agree with those seen 
in man. 

Symptomatology- Incuhatum . — ^The incubation period varies 
from seven to twenty-two days, but the average is twelve days. 
During this period the wound caused by the bite heals. 

The AUack.— The onset is sudden. The site of the bite, which, in 
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the large proportion of cases, is on the head or upper extremity, 
becomes red and swollen, and an ulcer forms, while the regional 
lymph glands become enlarged. The temperature now rises (103° 
to 105° F.), the pulse becomes small and rapid, and there may be 
sensations of cliilliness, while an eruption of purple spots, wliich 
often resembles erythema polymorphum, appears on the body, and 
the patient feels very ill, with pains in the muscles and joints, and 
perliaps delirium. In a few days the temperature declines and the 
patient feels well. 



Fig. 657 . — Rat-Bite Fever. 


Relapse . — After a few days or a couple of weeks of apyrexia, how- 
ever the attack is repeated, and these intervals of apyrexia and 
atl acks of fever niav be repeated for months or years 1 hr relapses 
may be fairly regular, at live days’ intervals, for months, and may be 
preceded by premonitory symptoms. Thus Hora s ^se had about 
ten relapses a year for a period of seventeen years. The blood may 
show eosinophiha. During the fever red cells are about four millions 
and the leucocytes about six to twelve thousa^. In the interval 
there may be only four thousand Icumcytes. Death may occur in 
old people from exhaustion, or in others from complications. 

Varieties.— Three different types of the disease are described a 
febrile type with a marked eruption, a febrile type with nervous 
svmptomi and an abortive type; but the first is most common 
' Complications.— Sloughing and gangrene at the site of the bite 

“ Dli;5S»b.'kS ot relapsing f..» associated with a 



1360 


RAT-BITE AND CAT-BITE FEVERS 


purple'Coiourocl eruption and a non-suppurativc adenitis following 
a rat-bite should make the diagnosis easy. The discover}^ of the 
spirochaete in tlie blood confirms the diagnosis. 

Prognosis. — ^This is good, as the mortality is only about 10*5 per 
cent., and death is most usually due to collapse or scpticaimic 
symptoms during the first attack, or to nephritis or to complications. 

Treatment. — ^^freatment by salvarsan is quite successful. For 
details of the treatment see pp. 1313 and 1560. Mercury has been 
recoinnK^nded by Eorelli. 

Prophylaxis. — ^Tlic rat -bite should be thoroughly disinfected. 

CAT-BITE DISEASE. 

Definition. A relapsing fever caused by a s])iroclirete, probably 
identical witli Spiroschandinnia morsusmuris, introduc(‘d by a cat's 
bite or scratch. 

History.- -Cat -bile disease was first described in Japan by Fujida 
and Sato in 1902, while Izumi and Kato, in 1917, brought forward 
evidence to show that the causal organism was a spiroclurie, ])robcddy 
identical witli S', morsusmuris. In 1917 Sano descri])ed a case due 
to scratches causc'd by a cat. 

.ffltiology. — Futaki and Ishihara, Ido, Tto, Wani and Okuda, 
Izumi and Kato, have all found si)irocluet es in the blood of ])atienls. 
They were discovered by the first named aiid confirmed by the 
others. The last named believe this vSpirochcTte to be the same 
as that causing rat -bite, because — 

I. The serum of a patient sufiering from cat-bit(‘, when mixed 
with an cqwd] quantity of guinea-pig blood containing rat -bite 
spirocluetes, iminobilizes them. When rc'peated with normal and 
syphilitic serum the spirocluetes are not affected. 

II. When I cubic C(‘ntimetr('. of guinea-])ig blood containing rat- 
bite spiroclcetes is mixed with 2 cubic centimetres of the blood of 
a patient suffering from cat -bite, and then the mixture injected into 
the peril oiK^al cavity of a guin(^a-})ig and laanoved in an hour, no 
spiroclkTtes are found. In a control guinea-pig tlu' spirochretes were 
abundant and active. 

III. In II. the. first guinea-pig remained healthy and the control 
died. 

Symptomatology — hicubation.—'Vlus varies from ten to twenty- 
one days. 

Attack. — ^The onset l)egins with some premonitory symptoms, 
followed by fever, pains in the muscles and joints, enlargement of 
the spleen and the lymphatic glands. Infiltration of the skin takes 
place near tlie site of the bite, and macular or urticarial eruptions 
which spread all over tln^ body. 

The bite may heal readily or may ulcerate deeply. 

Course. — The fever is of the relapsing type, the intervals being 
some three to nine days, and without treatment the disease will 
last for months. 

Diagnosis. — ^This is the same as for rat -bite fever. 
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Prognosis. ^This is good quoad vitam, except in old age or 
debilitated persons. 

Treatment. One injection of salvarsan will cure some cases, 
while others require several injections. 


SQUIRREL-BITE DISEASE. 

Synonym. — ^EichhornGhen-Bisskrankheit. 

Schottmiiller described a case of this infection in iqrq in a woman 
bitten by an African squirrel, Taraxerus cepapi. The disease was 
characterized by fever and also by nodules, which destroyed the 
sight of one eye. Another ease was a man bittcai by the same 
squirrel, and from the pus of this case Schottmtiller obtained a 
nocardia which h^ called Strepiothrixtaraxeyi cepapi. The nocardia 
infection is probably a complication, possibly also introduced at 
the time of the bite, as its presence lias been confirmed by numerous 
observers, and species of nocardia arc well known to live in the 
human tonsil, and may well exist in the mouth of rats, squin-els, and 
other animals. 

ADDENDUM. 

Weasels are also said to cause similar symptoms by their bites, 
and it is likely that many other animals do the same, and it is 
possible that they inoculate the bitten person or animal with various 
types of organisms, of which spirochretes appear to be more impor- 
tant as regards tlie causal ion of feviT. 
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CHAPTER Till 

THE ENTEROIDEA GROUP OF TROPICAL 

FEVERS 


General remarks — Enteroiclea or intestinal fevers — Enteric — Parenteric — 

Jtcferences. 


GENERAL REMARKS. 

We us{^ the word enieroidca, or intestinal fevers, for all those 
tevers which arc‘ caused by any of the intestinal bacteria, while the 
term enteric fever denotes those which are called typhoid and para- 
typhoid A and B fevers. By parenteric fever we mean those febrile 
conditions which, though clinically resembling ‘ enteric fever,’ are 
caused by intestinal bacilli specifically different from B. typhosus 
and B paratyphosus A and B. These parenteric germs may be 
closely related to the enteric germs or may be widely separated 
therefrom {vide Chapter XXX VI. , p. 934). 


ENTEROIDEA OR INTESTINAL FEVERS. 


Tlu‘. term enter oidea covers both the enteric and the parenteric 
groups, and applies to any fever Cciused by intestinal germs in the 
widest sense of the word (p. 934). These fevers may be classihed 
as follows — 


1'2nT1' 

J'EVKKS : — • 

Synoiiyiiis :■ — loilcr- 
oidca, Intestinal 
fevTTS, Entcrica 
sc ns it lato 


Enteric Fevers : — | 

Synonym: E uteri cal 
sens/7 strict o I 


Parenteric 1^'evcrs : — ■ 
ISyiuniym : J'arentcrica -j 


Typhoid. 

Paratyphoid A. 
l^aratyphoid B. 

A, due to germs of genus EIkT' 

thus and Alcaligcmes. 

B, due to germs of genus Sal- 

moneJla. 

C, due to germs of genus En- 

teroides. 

D, due to germs of genus Lan- 

koides. 

E, due to germs of genus Bal- 

kanella and Wesenbergus. 

F, due to germs of genus 

Escherichia. 


ENTERIC. 

Synonyms —Typhoid Fever, Abdominal Typhus, Gastric Fever, Pytho- 
genic Ja>ver, Endemic Fever, Autumnal or Fall I'Tvc'r, Remittent Fever of 
many writers, Common Continued Fever, Slow or Lent Fever, Nervoiis Fever, 
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Little Fever, Irregular Low Fever, Low Fever, Bilious Fever, Bilio-gastric 
Fever, Bilious Continued Fever, Night-soil Fever, Cesspool Fever. 

French Synonyms - Typlioide, Dothieiiciiterite, Fievre Continue, 
Lidvre gastrique, Fievre nerveuse, Entente septiceinique, Adcno-iueningee, 
Fievre meningogastrique. 

Italian Synonyms. — -Febbre tifoide, 'lito addominale, 

German Synonyms. — Abdorninaltyphus, Nervenliebcr, Darmtyphus, 
Gastriches Fieber. 

Ihe Latin synonyms are v(Ty numerous, and have l)een classified by 
Murchison into: — 

{a) Frcmi supposed resemblance to typhus: Ty]dius nervosus, T. mitior; 
T. gangliaris vel entericus, lleo-typlius ; Typhios, Tvphus (of many old 
writers) . " ' 

(b) h'rom mode of prevalence: Febris non-pestilens. 

(c) From its remittent character: lAbris semitortiana- sen composita; 
Tritaophya typhodes . 

(d) From its IcngLh: Febris lenca. 

(c^) From seihic symptoms: Febris putrida, Febris putrida qiuc vulgo lenta 
appelatur; t'ebris putrida aiit biliosa; Febris a putredine orta. 

(/) Resemblance to hectic fever: Febris lietica. 

(^>^) Occurrence of gastric symptoms: Febris gastrica. Febris acuta stoma- 
chica aut intestinalis ; Synochus biliosis. 

(//) From intestinal symptoms: Febris mucosa, lAb"is pituitosa, Febris 
mesenterica maligna, Febris intestinalis. 

(^) From supposed origin from worms : Febris verminosa, Typhus 
verminosus. 

With regard to the nomenclature, we have adopted the term linteric l^'ever, 
used by Ritchie in i84(>, because we describe under the term three distinct 
diseases caused by distinct micro-organisms, all of which produce sym])toms 
either identical with or so closely resembling one another as to be nearly 
impossible of clinical separation at the present time. 

Definition. — -Tlu' term ‘ enteric fever ’ is used at the present time 
to indicate three clinically similar fevers: typhoid fever due to 
Bacilhts fvphosus Eberth, i8<S(), the paratyphoid fevers due to 
B. parafvphosiis A Scliottmuller, 1901, andiL paralyphosusB Schott- 
miiller, 1901, and varieties of these bacilli. 

History,- -The history of enteric fever may be considered under 
two headings — viz., the general history of tlu‘ disease, and the special 
liistory of its occurrence in the tropics. 

It is quite impossible to recognize it with any degree of certainty 
in the meagre descriptions written by Hippocrates and the ancient 
physicians, which may or may not have referred to this disease. 
In the Middle Ages enteric fever, typlius fever, and relapsing fever 
were always confused with plague until Fracastorius, in the six- 
teenth century, distinguished typhus (which included enteric fever 
and relapsing fever), or febris pcstilers, from plague, or febris vere 
pestilens. Spigelius, in 1624, is probably the first writer to clearly 
recognize the symptoms of enteric fever, because he described in 
Padua a disease characterized by fever, abdominal pain and tender- 
ness, diarrhoea and delirium, having remissions and relapses, and 
associated with the post-mortem appearances of inflammation in 
the ileo-ciecal region. .Similar descriptions can be found in the 
writings of Willis in 1659, who drew a distinction between febris 
pestilens and a febris lenta, the latter being associated with the en- 
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largemcnt of the mesenteric glands. Sydenham, in 1685, described 
a fever lasting fourteen to thirty days, and associated with diarrhoea, 
vomiting, epistaxis, etc., as distinct from febris pestilens. In 1715 
Baglivi of Rome described the hemitrit^eus of older writers under 
the term ‘ febris mesent erica.' This fever was characterized by 
being irregularly remittent, lasting from fourteen to twenty-one 
days, and associated with inflammation of the intestines and 
mesenteric glands. Lancisi thought that the enteric ulcers were 
caused by round worms. Hoffman’s febris petechizans vel spuria, 
Strother’s lent fever, Gilchrist’s nervous fever, Huxham’s slow 
nervous fever, Riedel’s febris intestinalis, and Manningham’s 
febricula, arc all synonyms of enteric fever. In 1810 Hildenbrand 
distinguished between contagious typhus and a non-contagious 
nervous fever, which were respectively named typhus exanthemati- 
cus and typhus abdominalis by German authors. 

In 1813 Bretonneau of Tours associated this fever with hyperplasia 
of the solitary and agminated glands of the ileum, and gave it the name 
' dot hienent eric ’ (from SoOerjv, a tumour, and eVrepov, the intestine). 

In 1829 Louis gave the fever the name ‘ fievre typhoide,’ and the 
work of Gerhard of Philadelphia in 1837, Shattuck of Boston in 
1839, Barlow in 1840, Bartlett in 1842, Ritchie in 1846 (who intro- 
duced the term ' enteric fever ’), Jenner in 1849-51, completed the 
clinical differentiation of enteric fever from typhus, from which 
relapsing fever was also being separated. Thus arose the clinical 
conception of enteric fever, but in the meeinwhile many theorie* 
had been promulgated as to its causation ; thus Bretonneau held the 
view that it was spread by means of contagion, but this opinion 
was slow in gaining definite support. In 1847 Canstatt pointed out 
‘ that truly the exhalations of the sick man, his excrements, and possibly 
the typhus eruption in the skin, are the carriers of the contagion.' 

In 1850 Riecke recorded outbreaks due to drinking-water be- 
coming contaminated with sewage; Murchison implicated milk. 

In 1880 Eberth discovered the B. typhosus in the mesenteric 
glands and spleens of persons dying from enteric fever, and in 1884 
Gaffkey cultivated the bacillus so discovered. 

In 1885 Fraenkel and Simmonds obtained definite animal reac- 
tions in guinea-pigs, mice, and rabbits; and more recently Griin- 
baum, Metchnikoff, and Besredka reproduced the typical characters 
of the disease in chimpanzees; and Bland-Sutton described deaths 
of lemurs and monkeys in London which were associated with post 
mortem appearances resembling enteric fever. 

The diagnosis of the disease was greatly facilitated by Gruber 
and Durham’s, Widal and Griinbaum’s, works on agglutinins and 
specific agglutination reactions. Later, the cultivation of the 
bacilli from blood obtained by splenic puncture, and by the 
dilution method as devised by Castellani from the circulating blood, 
assisted the diagnosis; while the bile enrichment method and the 
Conradi-Drigalski’s, MacConkey's, and other media generally glided 
the investigation of the disease. Ghantemesse has devised an 
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ophthalmo-diagnostic method. The diagnosis of a mixed infection 
has been rendered easier by the absorption test as introduced 
by Castellani in 1902, which is of use also in the determination of 
closely allied bacteria. Ihe B. typhosus has been found to be 
capable of living for weeks in the spleen, and for 3/cars in the gall- 
bladder, of people who are designated ‘ typhoid-carriers,' as the 
bacilli escape in the fa:^ces in the latter case. The bacilli have been 
shown to occur naturally in water-supplies, earth, dust, fomites, 
flics, shellfish, and milk, etc. The subject of relapses has been 
studied by Chant emessc and Widal in 1892, Wright and Lamb in 
1899, and Durham in 1901. 

Attempts to obtain an antityphoid serum by Macfadyen, Hewlett, 
and Chant emessc, have not been successful, but Wright and Semple 
devised a vaccine in 1897 which was perfected by Leishman, and 
has been much used and has rendered great service; later Castellani 
brought forward vaccination with a mixed typhoid s paratyphoid 
A -h paratyphoid B vaccine dead or living (attenuated) as a method 
of prophylaxis, while more recently Besredka and Metchnikoff have 
advised a living, not attenuated, sensitized vaccine. 

The subject of variation of the typhosus has been studied by 
Twort, Horrocks, and Pcnfold. 

In 1895 Gilbert gave the name ‘ para-colon ’ to bacilli occupying 
an intermediate position between B. coli and B. typhosus. In 1896 
Archard and Bensaude used the term ‘ paratyphoid, ’ as a name for 
such organisms when capable of producing the symptoms of enteric 
fever, but this name dropped into oblivion, only to be revived 
by Schottmiiller in 1901, when he clearly demonstrated his B. 
paratyphosus A and B. paratyphosus B as the cause of two forms 
of enteric fever, the diagnosis of such cases being obtained by the 
specific agglutinative reactions, or, better, by cultivation from the 
circulating blood. This is the reason why the symptoms charac- 
teristic of enteric fever are ascribed to three allied organisms — viz.,B. 
typhosus Eberth, B. paratyphosus A Schottmiiller, and B. para- 
typhosus B Schottmiiller. 

The presence of typhoid fever in the tropics has, even in recent 
times, been much debated, and apparently the view has been held 
that it was overlooked by the older tropical physicians. This, 
however, is quite erroneous, for typhoid fever was early recognized 
in the tropics after its separation as a clinical entity by the workers 
in the Temperate Zone. Thus Scott and Milley, in 1830, showed 
that it existed in Tasmania; Levachrr, in 1840, in St. Lucia; while 
it was recognized in 1841 on the Niger River, in West Africa, and 
in Martinique, and somewhat later in Sierra Leone and Gaboon. 
In 1842 an epidemic is mentioned as occurring in Rio di Janeiro 
in Brazil, and others in Tahiti in 1847, 1849, i 853 ' 54 » and also in 
Damascus in 1852, and in Cayenne in 1852-53. Other epidemics 
were recorded in Cuba in 1853-54, while in the latter year Scriven 
definitely proved its existence in India by demonstrating the 
typhoid ulcers found by post-mortem examination. In the same 
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year Thomson described enteric fever in New Zealand, and Ripley 
about the same time in Fiji. In 1865 Massey recognized it in 
Newera Eliya, in Ceylon, while its occurrence in Trinidad and the 
Bermudas was known in 1866, and Davidson, in 1868, described it in 
Madagascar. In 1877 Defant said it was common in Senegambia. 

Notwithstanding all this early work, the fact of its prevalence in 
the tropics was not generally recognized, the disease being concealed 
under the terms ‘ remittent fever ’ and ‘ malarial fever ’ with ulcers, 
which latter became the so-called ‘ typho-malarial fever,’ which we 
now know to be a mixed infection — enteric fever complicated by 
malaria. The cause of this long delay in the general diagnosis 
appears to have been the slow recognition of the disease by the pro- 
fession as a whole in England, which reflected itself upon India and 
the British Colonies; while the authority of Morehead, who in the 
first edition of his book, ‘Researches on Disease in India,’ stated 


that typhoid fever was unknown in that country, is also believed 
to have had a deterrent effect upon the diagnosis of enteric fever 
therein. He, however, soon doubted the correctness of his original 
statement, for in 1860 he writes that in 1856 he recognized the 
disease in Bombay, and he quotes a lecture given by Goodeve on 
seven cases of undoubted typhoid fever: still, he is of the opinion 
that typhoid fever will be found in extra-tropical India or in inter- 
tropical provinces in the near proximity of the tropics. 

Another point which prevented the general recognition of enteric 
fever was tlie supposed antagonism of malaria to it, and the 
immunity of malarial districts from its attacks. These views were 
simply based upon the opinion that all remittent fevers were 
malarial, and tliat swelling and ulcerations of Peyer’s patches could 
take plac(‘. in these fevers; and the practitiom^r in the tropics was 
carefully warned that he was not justified in asserting the existence 
of typhoid fever from the mere character of the post-mortem 
appearances, and that the so-called ‘ typhoid symptoms ’ were not 
peculiar to one form of fever, but might occur in all. 

Such teaching probably had a marked effect uj)on the diagnosis 
oi entta'ic fever in the tropics until the recent establishment of 
bacteriological institutions, wherein a bacteriological diagnosis 
could l)e made. 


Still more, recent is the general recognition of the fact that the 
disease may be prevalent among the natives; in Ceylon, however, 
the fact that the malady is common among natives has been recog- 
nized for several years, and typhoid wards for nativ('S have been 
established, as well as a special typhoid hospital. 

It may now be said that it is well known that enteric fever is 
prevalent in many, if not most, tropical countries, and that it 
occurs, not merely in Europeans, but in natives also. 

iEtiology. Enteric fever is caused by the B, typhoons Eberth, 
B. paratyphosus A Schottmiiller, B. paraiyphosus B Schottmiiller. 
The description of these germs may be found in any manual of 
bacteriology. It is probable that there are several varieties of 
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each of these germs, and certain characters have been given in 
Chaptei XXXVI., p. 934. ()f the B. typhosus, for instance, two 

varieties can be easily differentiated^ — one rendering milk alkaline 
acidity ; the other making milk permanently acid. 

^ Of B. paratyphosus B several varieties have been described by 
Castellani, Alcock, and others. As regards the so called B. para- 
typh&siis C, this term, used by several observers, among whom 
recently Hirschfeld, covers dilh'rent: germs, one ot which is sero- 
logically identical with B. aertryke. 

With regard to the B. typhosus of Eberth, it is found in the intes- 
tine, not merely during the attack of fever, but during the incuba- 
tion, and for a period extending perliaps as long as thirty years 
after an attack -that is to say, the bacillus hasbt'en grown from the 
fiuces of a pier son thirty years after an attack of enteric fever, but 
whether it had existed in the bowi^ls for the whole pt^iod is naturally 
not known, but it is possible. In othyr words, tho becilliis can live- 
in the bodies of people for years after an attack. These jieople 
are reservoirs or carriers of the bacillus, and may be called intes- 
tinal carriers. People who piass the bacilli in their fieces during 
the period of incubation are called precocious intestinal carriers ; 
the piatients passing the bacilli during the attack and convalescence 
arc called acute intestinal carriers ; while people who continue to 
pass the bacilli in their faeces for a year or less than a year after 
an attack of enteric fever are called temporary or transitory intes- 
tinal carriers : and those in vdiose heces the bacilli are found after 
an interval of longer than a year aiu! called chronic intestinal carriers. 

In addition, there' are carric^rs who are not known to have had 
an attack of typhoid; that is to say, there may l)e people in whom 
the B. typhosus Eberth may live for an unknown p)eriod without 
showing any pathologdcal signs at any time. Th(.s(‘ are known as 
paradoxical intestinal carriers. This is i)ossible. but it is also prob- 
able that some, of the carriers in question may have been cases of 
ambulatory typhoid, and therefor(^ really belonged to the class of 
chronic iniestmal carriers. As to the habitat of the bacilli wliile 
in tlu; carrier, it seems that the gall-bladder is of the greatest 
importance', while during the actual attack of fever the bacilli are 
to be founel not mere'.ly in the inte'Stinal contents, but also in the 
mesenteric glands, the spleen, and the circulating blood. Now, 
the j)roportion of female carriers to male carriers is as five is to one. 
This is a curious fact, and, moreover, the bacillus is often found in 
the gall-bladd('r. Now, the frequency of gall-stones in women as 
compared with men is as three is to one; further, it is a well-known 
fact that gall-stones are often discovered for the first tinu' at an 
autopsy; in fact, it is believed that only 10 per cent, of the persons 
suffering from gall-stones show any sign of the disease during life, 
and it is a curious fact that the percentage of persons showing signs 
of gall-stones after an attack of enteric fever is 14 per cent. 

All these factors considered together, along with the known fact 
that B. typhosus has been isolated on several occasions from the 
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centre of gall-stones removed by surgical operations, tend to 
support the view that the gall-bladder is, at all events in some 
cases, the home of the B. typhosus in a clironic carrier. Fornet, 
in 1909, has, however, stated that he believes the bacilli found 
in the heces of a carrier are not descended from those which caused 
the attack of fever, but are derived from a reinfection which does 
not produce any clinical symptoms, because the human host has 
attained a tolerance to the parasite, which therefore leads a sapro- 
phyte existence, presumably in the lumen of the intestines. 

1 he discharge of bacilli by means of the heces appears to be inter- 
mittent, and not continuous, which is a most important fact, as 



the duration of the possible intermission is not positively known 
and therefore it is dillicult to say definitely when the carrier is really 
clear ol the parasite, 

The reasem why woimm are more commonly carriers than men is 
said to be due to the loss of resisting power brought about bv the 
decrease in the alexins of the blood during the menstrual and 
puerperal periods, and tins is supported by the fact that, while the 
incidence of enteric fewer is greater in females from fifteen to 1 went v 
years of age, the possibility of becoming a chronic intestinal carrier 
increases steadily from the tiftecnth to the forty-fifth vear. A 
more probable^reason seems to us to be that v'omen are more liable 
than men to affections of the gall-bladder. 
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With regard to age, it appears that the transitory carriers arc 
generally young— five to twenty years of age— while the chronic 
callers aie usually old- — ^thirty to forty-five years of age. 

infectivity of a carrier is during the incubation period, 
and the first weeks of the attack of fever; but chronic carriers are 
important in producing the endcmicity of enteric fever in houses, 
groups of houses, and streets, as well as in institutions, etc. 

As to the rnethod of infection ox the healthy by the carrier, 
evidence is being produced in favour of food contamination. So 
ai, the evidence produced in favour of milk contamination by 
carriers is very strong, and it is quite possible ^liat water, dust, 
fornites, etc., will all in course of time be shown to often obtain 
their infectivity from carriers. 

The question of the infection of the house-fly [Musca domestica) 
by means of the bacilli in the feces of carriers is most important, 
because the fly may take the bacilli into its crop or alimentary canal, 
where they not merely increase in amount, but also increase in 
virulence. Moreover, according to Nicoll’s work, it is probable that 
larvxE may become infected, and this infection pass to the adult 
insect. The mouth-part of the fly consists of a proboscis (vide 
Fig. 469) with oral lobes provided with tubules, so that solid 
particles and liquids pass up readily, ft is a matter of everyday 
observation that the house-fly apparently tastes everything on 
which it settles — that is to say, it extends its proboscis and 
presses on the substance on which it is standing by means of 
its oral lobes. When this proceeding is carefully examined, it is 
seen that the fly is regurgitating a little fluid from its crop via the 
pseudo -tracheic of the oral lobes on to the solid substance, with the 
view of attempting to dissolve some of the solid substance so that 
it may be able to pass readily along the minute pseudo-tracheae. 
This simple act is of the greatest importance pathologically, because 
the house-fly is an exceedingly foul feeder, and may absorb the liquid 
from the ficces of a case of enteric fever or from those of a carrier. 

In this way the bacilli enter its crop, only to be extruded on to 
sugar, bread, milk, meat, the rim of a cup, etc., and in this way to 
gain entrance to the human victim. Naturally, the presence of 
carriers increases greatly the opportunity for the infection of flies. 
But it is not merely by the mouth that the fly can infect food 
materials and utensils, but also by means of its feces; for the fly 
defalcates very frequently, and the typhoid bacilli can pass from 
its alimentary canal in an* enhanced condition of virulence — accord- 
ing to some authors— on to food, driiilc, or utensils, and so reach the 
human host. 

Intestinal carriers are not the sole carriers of the enteric germs, 
for, though more rarely, the bacilli can escape in the urine of pcxxplc 
who have recovered from enteric: these people are called urinary 
carriers. It is not uncommon to find bacilli in both the feces and 
the urine in the case of transitory carriers, but it is much more 
uncommon to find them in the feces and the urine in the case of 
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chronic carriers if precautions are taken to prevent the contamina- 
tion of tlie urine during or after micturition. 

In urinary carriers the B. typhosus has its habitat generally in 
the renal pelvis, which is usually chronically inflamed or cystic, and 
it has also a secondary habitat in the chronically inflamed bladder : 
but it appears possible that it may also live in recesses in the pelvis 
of the kidney, the bladder, the urethra, the prostate, and the 
vesicukc seminales, from which bacilli pass into the urine. The 
methods of urine infect ivity are the same as facal infect ivity. 

To summarize, the reservoir or carrier of thei 5 . typhosus Ebert h is a 
human host who has suffered from enteric fever, and who affords food 
and ])rotection for the bacilli in the gall-bladder in the case of intes- 
tinal carriers, or in some recess or recesses in the urinary tract from 
the pelvis ol the kidney downwards, and in the male in the prostate 
and vesicuke seminales in the case of urinary carriers. This carrier 
passes the bacilli into the exterior in the faeces and urine, and these 
may, in cases of defective hygienic surroundings, directly infect air, 
food, or drinking-water, or may be conveyed by fomites or by flies 
to the victim’s hands, or food, or food uteii'^ils. 

The problem of the carriers of the parathyphoid bacilli is a similar 
one. B. paratyphosus B is commonly met with in Europe, where 
it is disseminated by means of intestinal carriers when it lives 
in the gall-bladder; but its urinary carriers hav(' so far not been 
recognized. It has, however, been found in the common house-fly 
in 1911 by Nicoll. Its infect ivity and its auto-infectivity are well 
known. B, paratyphosus A is prevalent in India and Ceylon, 
where ])r(Tocious and acute carriers are frequently met with. The 
germ, lioweva'r, during the war has now become common also in 
Europe. It is known that it can live in the gall-bladder for a con- 
siderable time and })ass out in the fieccs, and several outbreaks of 
enteric fever have been traced to this source. 

With regard to the general question of carriers, the persons most 
liable to be carriers are first of all those who have had attacks of 
enteric fev(T, and, secondly, nurses and other attendants ii])on 
these jxitients; while the carrier who is likely to prove most dan- 
gerous in s\)r ending the infection is a i)erson who is in any way 
engaged in llu‘ ])re])arat ion or the handling of food inteneU'd for 
other pc()])l(' to consume, because the infection of the hands is a 
prolific source of infection for healthy people. 

So far we have merely referred to Musca domcslica Limueus as 
an important intermediary host for these bacilli, but the fruit-fly, 
Drosophila ampclophila Loew, has been definitely implicated by 
Dutton in 1909. With regard to the accusations against the bug. 
Chnocoris Icctularius Linucxnis, and the flea, it can only be said that 
there is as yet no definite proof that they play an active part in the 
spre^ad of enteric fever. 

To summarize, it may be stated that B. typhosus, B. paratyphosus 
A , and B. paratyphosus B can escape from the bodies of precocious, 
acute, temporary, chronic, or paradoxical carriers by means of the 
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f eces or the urine, and can infect food and drink directly or in- 
directly through the agency of flies, and by means of this infected 
food or infected hands the bacilli can gain entrance into another 
human host, and set up the infection anew. Of the foods and drinks 
which are of importance, the first and most important is milk, while 
water, shellfish, fish, and dried fish, may also be mentioned as of 
great importance. Attacks have also been traced to ice, and, 
indeed, no food or cooking utensil can be considered free from 
possible infection. Of great importance in the tropics are un- 
cooked green vegetables, which are grown in gardens often manured 
by means of human excrement, hdecally pollute d dust and faecally 
polluted clothes must also be assigned a prominent place in connec- 
tion with the spread of the disease. 

With regard to the epidemicily of enteric fever, it will be clearly 
understood that the basis of the epidemic as the basis of the endemic 
is the carrier, but the characters of tlie e])idemic will largely depend 
upon the means by which the bacilli are introduced into the new 
non-immune hosts. Often this is by flies; hence the name ‘ autum- 
nal fever ’ sometimes applied to the. disease, because the local epi- 
demic takes place after the time of their greatest prevalence. 
Epidemics due to milk will be found to agree with the distribution 
of this food by, generally, one dairy. Tint present writers once, 
during an outbreak of enteric fever and dysimter}^ in a tropical 
town, bought by chance a sample of milk which, on investigation, 
was found to contain the B. coli — a sure proof of human ftTcal 
contamination, which might have arisen from watering the milk, 
because water is often added by the seller to the milk oiBos indices, 
and this escapes the notice of the buyer, because the milk is much 
richer than that oiBos laums, and therefore does not appear to be 
diluted. As the water may have come from some polluted source- — 
a well or a roadside drain — this is very dangerous. Epidemics 
due to oysters and other shellfish will agree with the seasonal use 
of these shellfish, and may even be traced to certain breeding- 
grounds which may be situate near the mouth of a sewer, or in 
which the oyster-bed itself has become infected with bacilli. 
Another good instance of the cause of small epidemics is the tracing 
of the infection by Hamer to the fried-fish shops so common in 
London. Hut the infection of food materials will not give rise to 
the sudden widespread epidemic which will arise if the water-supply 
is contaminated. Maidstone, in 1896, had 35,000 inhabitants, of 
whom 1,900 persons suffered from enteric fever during the months 
of September, October, and November, due to contamination of the 
town’s water-supply. In the tropics polluted wells are a prevalent 
cause of endemic and epidemic enteric fever. The present writers 
were acquainted with a town in which so-called ' remittent,' really 
typhoid, fever was very prevalent, and where in a certain area the 
wells and the cesspits, which always contained water, were only 
separated by a wall one brick thick. 

The bacilli do not live when dried; still, it is probable that they 



1372 the ENTEROIDEA GROUP OF TROPICAL FEVERS 

can live, attached to particles of dust, long enough to contaminate 
food, which in certain tropical regions may become covered with 

dust. 

Predisposing Causes . — With regard to predisposing causes, it was 
long considered that the native of the tropics enjoyed a partial or, 
as some said, an absolute immunity against enteric fever. This 
cannot be maintained, as we know definitely that enteric fever 
is quite common in all races. The position at the present time is 
that, while certain authorities consider that a considerable number 
of cases of enteric fever still lie hidden under the terms ‘ remittent 
fever' and 'simple continued fever,' and perhaps 'febricula,' as 
applied to natives, and especially to native children, who are not 
oiten treated by physicians trained in modern methods, still, there 
are others who maintain that there is a partial immunity in some 
races — e.g., such an immunity is said to exist among the native 
Egyptians, Sudanese, and Japanese, which is believed to be due to 
racial inheritance. This question has been investigated by the 
Board for the Study of Tropical Diseases in the Philippine Islands, 
and ably reported by Chamberlain, who finds that epidemics of 
great severity among Filippinos are rare or unnoticed; that Widal 
reactions performed on the blood of 591 healthy Filippinos suggest 
a comparatively recent attack of enteric fever in about 6 per cent, 
of adults, but do not indicate that the disease is prevalent in child- 
hood; that the native Filippino scouts show a lower typhoid rate 
than the white troops, possibly due to failure to diagnose the 
atypical cases; that more than one-third of the cases of enteric 
fever, whether among Americans or Filippinos, are entirely atypical, 
and cannot be dieignosed without laboratory methods. One-half 
of the total number of cases can, however, be diagnosed clinically, 
and do not differ from enteric fever as seen in the Temperate Zone. 
He concludes that much work still needs to be done among the 
natives to estimate the actual amount of mild and atypical enteric 
fever which is occurring, and to determine why extensive and 
destructive epidemics are not more often seen. 

Our own experience in Ceylon causes us to believe that the disease 
is very prevalent among the natives of that island, and as 
dangerous among them as in Europeans. When the causes of 
death in the races of Ceylon were considered by us some years 
ago, it was noted that the total deaths contained the following 
percentages : 


Race. 

Enteric Fever. < 

Simple Fever. 

j Remittent Fever. 

European . . 
Sinhalese . . 

Tamils 

Per Cent. 

10*1 

1 7*6 

0-7 

Per Cent. 

1-7 

I2’0 

17-3 

\ 

I Per Cent. 

1 0-3 

3-« 



predisposing causes 1373 

Added together, these give — Europeans, 13.3 per cent.; Sin- 
halese, ig*g per cent.; larnils, 218 per cent. The incidence of 
enteric fever aniong these peoples is probably more nearly approxi- 
mating the conjoint figures than those given solely under Enteric 
Fever, larnils arc labourers on estates, and cases of fever among 
them are generally lumped together under the heading of Malaria. 

Age is another predisposing cause, for there appears to be a 
general consensus of opinion that twenty to twenty-five years of 
age is a period more susceptible to the disease than the other 
periods of life, but no age period is free from attacks. 

During the first journey from the Temperate* Zone to the tropics 
the metabolism of the young resident in the Temperate Zone is 
possibly somewhat disturbed, leading to a weakening in the anti- 
bacterial and phagocytic reactions, as some authorities maintain; 
and hence, perhaps, his great liability to attacks of enteric fever 
and other complaints. It must not be forgotten that the young 
new arrival is apt to eat too much, to drink too much, and, being 
stimulated by the heat — the bad effects of which at first he docs 
not notice — is apt to work too hard and play toe hard, or, in other 
words, to attempt to exhaust his system in every possible way, 
and to thoroughly disregard the evil effects of the sun ; and we con- 
sider these indiscretions play a certain role in the relative frequency 
with which these young new arrivals become infected. 

Young people often live together in what are called ‘ chummeries * 
— i.e., several of them live together in a house, while one of them 
runs the messing. These houses, having no proper supervision, are 
allowed to become most insanitary, especially with regard to the 
servants’ quarters, which arc naturrdly the nearest to the kitchen 
and the places in which food is stored. The pollution of food in 
these places is often self-evident to the naked eye, whihi the whole 
place teems with flics. Moreover, the weakening of the system by 
venereal disease may play a part in producing the heavy incidence 
of enteric fever in new arrivals. In Bengal 50 per cent, of the cases 
in Europeans occurred within one year of arrival from Europe. 

In India the disease is believed to be common among native 
children and among Europeans born in India; thus it was noticed 
by Rogers that 41*67 per cent, of the cases were under fifteen years 
of age, whereas in Europe and America only 9-45 of cases are under 
fifteen years of age. 

As regards sex, we have already drawn attention to the apparently 
special incidence upon women between fifteen to forty-five years 
of age. 

With regard to the conditions of life, the poor whites living in 
insanitary conditions are very liable to be attacked, and this may 
account for the prevalence of the disease among Europeans born 
and living in India, as may the natural habits of children playing 
among earth and rubbish, which are often more or less faecally 
polluted. But of all predisposing causes, that of bad sanitation 
stands out pre-eminently first; thus Europeans are apt to get the 
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disease most commonly in the dry season, wlion it is spread by dust 
and flies, and the natives in the wet season, when jt may be due to 

water contamination. i x 

With regard to meteorological conditions, we have observeO ttiat 
anything whicli prevents the heavy rainfall at the proper season 
tends to an increase in the enteric, dysentery, etc., rates, and, 
absurd though it may read, certain observations which we made 
some years ago led us to believe that the eruption of Mount Pelee 
may have had a disturbing effect upon the meteorological con- 
ditions, producing less rainfall, and preventing the filthy drains and 
other places being properly flushed, and thus indirectly causing 
an increased incidence of epidemic intestinal diseases. 

Pathology. — Enteric fever is a septicemia which is produced by 
the bacilli already mentioned entering the body by the mouth, and 
passing into the small intestine and colon, the lymphoid tissue of 
which they invade. In this tissue they increase in number, and 
pass via the lymphatics to the abdominal lymphatic glands and 
spleen, in all of which they multiply. No doubt they very soon 
reach the blood, but are probably quickly destroyed and their toxins 
neutralized, and so long as this continues the patient is without 
definite signs of the disease. This constitutes ‘ the period of in- 
cubation ’ or latency, and may possibly be the explanation of those 
persons who, though chronic carriers of virulent typhoidal germs, 
maintain that they themselves have never had any illness. 

If the quantity of antitoxin substances produced are only suffi- 
cient barely to neutralize the toxins, then an ambulatory or an 
abortive attack may ensue. 

When, however, the bacilli multiply in such numbers that, 
though still largely destroyed by the bacteriolysins of the blood, 
there is insufficient antitoxin to neutralize their liberated toxins, 
then the fever begins. The possible explanation of the intermittent 
type of the fastigium of the tropics is that the supply of antitoxic 
substances in the blood waxes and wanes. The evidence in favour 
of the above theory is the presence of the bacilli in the fieces in the 
incubation period, the presence of enlarged Peyer’s patches, 
mesenteric glands and spleen found accidentally in post-mortem 
examinations of people who have died from other causes, and in 
whom enteric fever was not suspected; the possibility of cultivating 
the bacilli from specimens of the circulating blood obtained during 
the first week of the fever; and the constant necessity for immediate 
dilution of this blood if a successful culture is to be obtained. 

Relapses can be explained as being due to any cause which so 
disturbs the metabolism of the body that the antitoxin production 
decreases, and the germs again gain entrance to the blood in such 
quantity as to produce fever. 

The endotoxin contained in the bacilli has a markedly stimulant 
effect upon endothelial cells, causing them to swell and to block 
.small lymph capillaries, thus causing patches of focal necrosis in the 
liver. 
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The bacilli can occur in any part of the body, but they have a 
predilection for the lymphatic system. When arrested in the lym- 
phatics of the skin, they give rise to the rose-coloured maculo- 
papulcs so chai act eristic of the disease. The appearance and dis- 
tiibution ot these red maculo-papules in the skin of the anterior 
abdominal wall, chest, and back is believed by Greenlialgh to agree 
witii the cutaneous distribution of the nervals whicli supply the 
small intestine, the mesenteric lymph nodules, and tlie spleen. But 
this seems hardly possible, as papules ciin appt'a^ on the arms, legs, 
and other regions. It would appear as though local heat was a 
more miportant factor in their production than ner cc-supply. The 
bacilli may attack the respiratory system, giving rise to bronchitis, 
pneumonia, etc., and they are commonly found in the gall-bladder, 
in which they cause cholecystitis, and may give rise to gall-stones, 
ihey also pass through the kidney into the urinary passages, and 
at times appear in large quantities in the urine (bacillvria). 

They are also capable of living locally in the tissues, giving rise to 
inflammation, abscess formation, and local death of the tissue. 

It has already been noted that they can live for years in the 
gall-bladder and the pelvis of the kidney, producing th(‘ chronic 
intestinal and urinary carriers, who arc liable to infect, not merely 
themselves, but others also. 

Auto-infection may possibly be the explanation of such cases as 
have second or even third attacks, within a short period after the 
first attack. 

The typical gradual onset of the disease may be explained by the 
struggle between the antitoxins of the body and the bacterial toxins. 

The occasional sudden onset seen especially in tlie tropics may be 
due to lowered resistance, owing to many causes — e.g., climatic in- 
lluences, other infections, etc. 

Immunity is generally acquired after an attack, but second 
attacks are by no means rare; moreover, the immunity is homo- 
logous— viz., an attack of typhoid fever will protect against B, 
typhosus, but not against the paratyphoid bacilli. 

The fever is due to a lessened loss of heat rather than to an in- 
creased production of heat, and this is the reason why, in ordinary 
cases, there may not be marked emaciation. 

Morbid Anatomy. — On opening the abdomen in a typical post- 
mortem, the bowels will usually be seen to be distended with gas, 
and the small intestine will be noticed to present marked areas of 
congestion, especially near the ileo-caecal junction. 

The mesenteric glands will be observed to be enlarged and con- 
gested, as will the spleen and at times the liver. If there has 
been a perforation, a hecal odour will be perceived on opening the 
abdomen, and there may be gas, hx^cal matter, round worms, or pus 
in the peritoneal cavity, while careful search will reveal the perfora- 
tion; but care must be taken not to artificially perforate the gan- 
grenous, or almost gangrenous, intestinal wall by manipulation. 

On opening the intestines, it will be noted that the most important 
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site of disease is, as already stated, in the ileum near the ileo-csecal 
valve; while the contents of the bowel will be noted to be of a 
yellowish colour, unless there has been a hiemorrhage, when blood 
will be seen, or unless medicines have been administered which 
alter the colour of the motions. The Peyer’s patches in the lower 
few feet of the ileum will be enlarged, prominent, and whitish in 
colour, and covered, perhaps, with yellowish sloughs, or perhaps 
containing ulcers, which may be in the form of one large central or 
several small ulcers. 

On inspection, a typical ulcer will be noted to have its long axis 
in the same direction as the long axis of the bowel, to be of oval 
form, with thin and undermined edges, and a base formed from the 
muscularis mucosje, the infiltrated submucosa, or from the muscular 
or even the peritoneal coats of the bowel; while in cases of perfora- 
tion a rent may be noticed through this last coat, permitting com- 
munication between the lumen of the bowel and the cavity of the 
peritoneum. In cases of extensive haemorrhage injection of water 
into the carefully dissected out mesenteric artery may demonstrate 
more or less correctly the source of the bleeding. The solitary glands 
will also be seen to be enlarged and congested with sloughs or 
roundish ulcers, while the mucosa around these and the Peyer's 
patches will be seen to be intensely congested and red in colour. 
This congestion may be traced for a considerable distance along the 
ileum and into the jejunum, but it is rare to find the duodenum or 
the gastric mucosa in a state of acute congestion. 

Tracing the bowel downwards into the ascending colon, it will be 
noticed that the mucosa of the ciccum and ascending colon is often 
congested, and at times the solitary glands will be seen to be swollen; 
but as a rule they are not ulcerated. 

These typical appearances may be varied by finding only one or 
two Peyer’s patches enlarged, and perhaps only one or two small 
ulcers, and very rarely there may be no signs beyond a catarrhal 
inflammation of the mucosa of the bowel. On the other hand, the 
ulceration in the region of the ilco-caecal junction may be so exten- 
sive that there are only ridges and islands of intensely congested 
mucosa left, while at other times pieces of the bowel may be black 
and almost or quite gangrenous. 

The mesenteric glands will be seen to be swollen and congested, 
and on section they will show marked congestion and perhaps pus. 

The spleen is enlarged and swollen, dark red in colour, friable, 
with a tense capsule, while the liver may also be enlarged and con- 
gested, and may even on rare occasions show multiple abscesses 
brought about by a septic pylephlebitis. The gall-bladder and 
bile-ducts may be congested, or more rarely may contain pus, while 
the bile is usually light -coloured and watery, but may be inspissated, 
The pancreas is usually normal, but we have seen it congested and 
even haemorrhagic. The suprarenal capsules are generally normal 
in uncomplicated cases. The kidneys are usually enlarged and 
congested, with a capsule which strips off readily. On section, both 
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cortex and medulla are seen to be congested, with often fatty 
degeneration, and more rarely small abscesses or infarcts. The 
pelvis IS congested, but the ureter and bladder arc usually normal, 
though signs of cystitis may be found at times. 

With regard to the thorax, if there is much metcorism, the dia- 
phragm may be noted to be pushed up considerably higher than 
usual. The traclica and bronchi may show signs of inflammation, 
and in the lung pneumonia, hiemorrhagic infarcts, pyicmic abscesses, 
and purulent infarcts may be seen. The heart is usually flabby and 
without any sign of rigor mortis, and is often pale, soft, and friable, 
from fatty degeneration. Rarely will vegetative o’* ulcerative endo- 
carditis or aortitis be found. 

In the neck the tlvyroid gland may in cases of great rari+y be 
seen to be enlarged, and even to have abscesses. I'lu'ie' may be 
congestion and ulceration of the larynx and tonsils, but thi'y are not 
common in our experience. The tongue will be seen to be covered 
with sordes, and may, pe^rhaps, show fissures. 

The brain is often congested, as ar(‘ tlu^ meningt'S, but meningitis 
and other naked-eye signs are rarely met with. vT'iums and, much 
more rarely, arterial thrombosis may be seen, while Ztmker’s 
vitreous degeneration may be found, esp(‘ci;dly in tlie adductors 
of the thigh, the rectus muscles of the abdomen, the ])ectoralis, 
and the dia])hragm, and very rarely one of these' de'generated 
muscles may be found ruptured and surrounded by haemorrhages. 
The bone-marrow may also be congested and show signs of focal 
necrosis. 

Finally, there may be the signs of the complications or seciiuFe- — 
as, for example, the arthritis of the joints, the abscesses in various 
parts of the body, etc. 

The pathological history of theS(' post-mortem a])pecii ances may 
now be brielly related, beginning with the history of tlie lesions of 
t h e P ey cr ’ s pat c h e s. 

At hrst a Peyer’s patch or lymphoid follicle is hyperamiic, but 
this is followed by a proliferation of the lymphoid and epithelioid 
cells of the follicles, together with a swelling of the endothelial cells 
of the capillary vessels, and these together produce a more or less 
definite blocking of the capillary vessels, vdiich causes an anremia, 
and produces the whitish colour of the hyperpkistic Peycr s patches, 
to which attention has already been drawn. The typical bacilli 
can be found lying in the centre of the follicle, and also in the lym- 
phatic vessels, not merely of the follicle, but also of the submucosa. 
Such is the condition of the follicle about the. eighth to the tenth 
day, and now one of two things may liappen: ('.ither the excess 
lymphoid cells undergo fatty degeneration and absorption, with 
the result that the blood-flow returns, and the follicle becomes 
normal; or the blockage of the bloodvessels is increased by fibrinous 
thrombosis, with the result that the superficial portion of the 
swollen follicle dies and forms a slough, which, separating from the 
edges towards the centre, becomes an ulcer some time during the 
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second week. These ulcers may increase in depth by an extension 
of the necrosis, and may lead to perforation; on the other hand, 
there may be a formation of granulation tissue over the base, which 
subsequently leads to fibrous tissue formation, and thus eventually 
to the healing of the ulcer, which process is completed by the growth 
of the mucosa over the young fibrous tissue. The site of a previous 
typhoid ulcer is often clearly visible as a depressed pigmented area, 
which, on microscopical examination, is seen to consist of atrophic 
mucosa covering a fibrous siibmucosa, which is also often atrophic. 

The mesenteric glands show at first hyper<emia and cell prolifera- 
tion, among which the typical bacilli can be found. Pus formation 
may also be found at times. 

The spleen early becomes hyperaemic, and swells considerably, 
I’emaining enlarged until the third or fourth week. The capsule 
becomes tense, and the pulp assumes a dark red colour. The 
swelling is due to the hypertcmia and cellular infiltration with leuco- 
cytes, endothelial cells, and macrophages, among which the typhoid 
bacilli may be found. During the third week the pulp becomes 
softer, and the Malpighian bodies become prominent, and absorption 
begins to take place, which produces a paler colour in the pulp, and 
eventually leads to an increase in the amount of fibrous tissue. 

The liver shows cloudy swelling and fatty degeneration of the 
cells and spots of focal necrosis, which may be produced by accumu- 
lations of epithelioid cells in the lymphatic spaces of the portal 
system, or to small areas of necrosis of liver cells owing to occlusion 
of adjacent capillaries. These foci are associated with clumps of 
the specific bacilli. 

Th(^ kidneys show cloudy swelling of the cells of the convoluted 
tubuU^s, but in the cases when the kidney is specially involved there 
may !)(' considerable hyperiemia, together with perivascular cellular 
exudation and granular degeneration of the cells of the convoluted 
tubules. 

The heart muscle may show fatty or, rarely, waxy degeneration, 
while c'udarteritis obliterans in the small arteries is said to be seen 
in cases of sudden death without obvious cause. 

‘ In the nervous system there are no very marked changes, but 
pigmentation of the ganglion cells and leucocytic infiltration of the 
perivascular spaces may be seen, as well as fatty degeneration of 
the nerve fibres. 

The bone-marrow is generally congested, and may show signs of 
focal iKxrosis, with hyperplasia of lymphoid cells and clumps of 
typhoid bacilli. 

Symptomatology. — Enteric fever is a very protean disease, the 
description of which is usually divided into incubation period, 
onset, course, subdivided into weeks, relapses, and terminations in 
death or convalescence. In general terms, it may be stated that 
the fever presents physical signs and symptoms not unlike those 
seen in the Temperate Zone, but a number of cases are atypical. 

These atypical cases may have a slight and short attack of fever 
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presenting but few symptoms, and very liable to be overlooked, or 
the attack may be ushered in by some other fever — as, for example, 
malaria or dengue. We will first describe a typical attack with 
mild or severe symptoms. 

Incubation. The incubation period of enteric fever ranges in its 
known extremes from three days to twenty-three days, or much 
longer. The shortest known period — that is to say, the one with 
three days incubation — was exceptional, the infection being due to 
swallowing a culture of virulent bacilli, and the^'efore it may be 
excluded for ordinary purposes. It is by no means easy as a rule 
to define the incubation period, and it is usual to agree with Murchi- 
son, and to state that it is most commonly about two weeks (ten to 
fourteen days), bu^ that it is often less than this, and may possibly 
be as short as four or five days; while, on the other hand, it is often 
longer, and no definite maximal limit can be mentioned, because 
the study of typhoid carriers has demonstrated that persons, appar- 
ently in good health, may be infected with the bacillus, and it has 
further been shown that these people may suffer fr^'m auto-infection, 
all of which naturally complicate the question of the duration of 
the period of incubation. 

We therefore conclude that the usual incubation period for enteric 
fever is about two weeks. 

During this period the patient may apparently show no signs or 
symptoms of the disease, though at times headache and general 
malaise may be felt. 

Onset.~TY])ic'ci\\y the onset is gradual, the patient attending to 
his ordinary duties, though suffering more markedly from the 
feeling of malaise and lassitude and from headache than during the 
period of incubation, and associated with these symptoms there 
may be constipation, or there may be diarrhoea with pains in various 
parts of the body, but especially in the back, the iliac regions, or 
the legs. At times there is a troublesome cough. The disinclina- 
tion for exertion, mental or bodily, increases, as does the headache 
and the pains, until the patient feels so ill that he consults his 
medical attendant, when it is found that the temperature is raised 
above normal (ioo° to loi^^ F. in the morning) ; that it is higher in 
the evening (103° to 104° F.) than in the morning; that the pulse, 
though accelerated (80 to 90 per minute), is relatively slow as com- 
pared with the temperature, and may be dicrotic; while the tongue 
is coated on the dorsum, though red at the tip and along the margins ; 
the headache is generally frontal, and .acre may be thirst, vomiting, 
or cpistaxis, as well as abdominal tenderness and slight distension, 
especially in the right iliac region. If the case is observed early, 
a step-like rise of the temperature may be noted — that is to say, the 
evening temperature is always slightly higher than that ()f the pre- 
ceding evening — while the morning remission is less, until about J:he 
third or fourth day, when the temperature reaches 103° to 105° F. 
at night. 

Th% onset, however, is often atypical in the tropics, the symptoms 
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being but little marked, and the patient, though feeling wretched 
and ill, perseveres with his work, and may never consult a doctor 
until well into the second week of the fever, and in some cases may 
even advance farther in the illness than this before the complaint is 
diagnosed. 

With regard to the other atypical onsets, it is well to remember 
that the disease is a septicaemia, and that, following the account of 
the pathology given above, any organ or system of the body may 
be specially attacked. Thus, for example, the nervous system may 
be specially attacked, with theresult that the most urgent symptom 
is a neuralgia, an earache, a backache, or pains resembling ihose of 
pleurisy; or, again, there may be signs as though cerebro-spinal 
meningitis were coming on, or there may be early delirium. If the 
respiratory system is specially attacked, the signs will be those of 
bronchitis, pneumonia, or suggestive of acute tuberculosis. If the 
alimentary canal is selected, there will be symptoms indicating 
irritant poisoning or appendicitis; if the renal system is marked out 
for attack, they will resemble the signs of acute nephritis. The 
above remarks do not by any means cover all the possibilities of 
the onset, but enough has been said to indicate the remarkably 
protean nature of the signs and symptoms of enteric fever, and of 
the way in which it imitates other diseases. 

The First Week . — The early days of this week are as a rule occu- 
pied by the onset of the fever, as described above, and often the 
medical attendant docs not see the patient until about the end of 
the third or fourth day of the illness. In the tropics, however, the 
attack is at times ushered in by some other fever — as, for example, 
malaria, by which its symptoms are more or less masked. It is, 
however, possible, even at this early stage, to observe, associated 
with the symptoms of the predominant disease, signs and symptoms 
which arouse suspicion of enteric fever. This suspicion is presently 
converted into certainty as these signs increase in evidence, while 
the symptoms of the original ailment decrease and finally dis- 
appear. The signs and symptoms to which we specially refer are 
the alteration of the temperature chart from one of remittent or 
intermittent fever in malaria to one of more continued fever, with 
more marked headache, slowing the pulse, the ap])earance of 
dicrotism, the signs of abdominal distension, the local pains, the 
tenderness, and perhaps the gurgling in the right iliac region, and 
the altered condition of the tongue. 

During this first week the facies of the patient becomes at times 
typical — i.e., the cheeks are flushed and the eyes bright, and there 
may be some photophobia. 1 lu' di'cubitus is almost always dorsal. 
As the week proceeds, the patient becomes more or less apathetic, 
listless, and drowsy. Headache, noises in the cars, and pains in 
various parts of the body are the marked symptoms of this week, 
while sleeplessness is often another marked symptom. Delirium 
is, however, rare. The temperature continues high, being usually 
from 103^^ to 104° F. in the evening, with a remission of a degree 
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or so in the morning; but in our experience a much greater remission 
than a degree or so is by no means unusual, and the temperature, 
as already mentioned, may assume an intermittent character. 
The pipse is about So to 100 beats per minute, often with more 
or less dicrotisrn, while the blood-pressure varies, the systolic being 
about 120 millirnetres, and the diastolic about 90 millimetres of 
mercury. At this stage of the disease there is usually little or no 
change in the blood, though slight leucopenia may be present. 
The specific agglutinin reaction is not available, but the bacilli 
can be cultivated from the blood. In uncomplicated cases the 
spleen is more or less normal at the commencement, but enlarges 
distinctly towards the end of the wet‘k. [ he res]>iratory symptoms 
may cause the patient much annoyance, ^i^specially the drv, hacking 
cough, and there may be signs of mild tonsillitis, })haryngitis, 
laryngitis, or bronchitis. Pneumonia must be looked upon rather 
as a complication than as a symptom of the disease The gastro- 
intestinal symptoms present much variability The mouth is 
often dry, and the patient may be worried by thirst. The h])s and 
teeth are normal, but the tongue, which is moist, is generally coated 
by a white fur on the dorsum, while the tip and edges are red. lliefc 
is little or no d(;sire for food; the stomach is irritable, and vomiting 
may occur, especially if indiscretions in feeding are allow(‘d. Tlit' 
abdomen is more or less distended, cs))ccially in the region of the 
right iliac fossa, where it is often painful and tender, as, indeed, it 
may be in other places. Tliere may be constipation or there may be 
diarrhoea; the motions may be of an ordinary colour, but more 
typically they are oclire-yellow. It is not often that haemorrhage' 
is seen during this week, and is then generally small in amount; 
but its presence is, in our opinion, a rc'lalively serious symptom. 
The urine is generally diminished in quantity, high in specilic 
gravity, dark in colour, with a markedly acid reaction, but there is 
usually no albumen, no casts, and the diazo-reaction cannot be 
obtained. 

The skin is hot and dry, with, liowevcr, paroxysms of greater or 
lesser amount of perspiration, followed by the presence of more or 
less sudamina. The typical rose spots do not as a rule appear 
before the seventh day, and therefore will not be described under 
this week. At times a bluish subcuticular mottling isto be observed, 
especially on the abdominal weill, towards the end of this week of 
quite a different nature to the bluish spots {laches bleudtres), which 
are generally assigned to the action of lice. There is often a yel- 
lowish coloration of the palms of the hands, the lateral aspects of 
the fingers, and the soles of the feet, sometimes called ‘ Philipo* 
wicz’s sign,’ which, however, is by no means characteristic of 
enteric fever. 

The most marked feature of the week is the gradual increase in 
severity of the disease as marked by the growing apathy and 
dulness of the patient; the aggravation of the symptoms, with the 
exception of the pains, which tend rather to abate towards the end 
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of the week; the enlargement of the spleen; the possible occurrence 
of the typical spots ; and the continued fever. 

The Second. Week . — The signs and symptoms described in the 
first week continue to increase, with the exception of the headache 
and local pains, which usually diminish and disappear by about the 
middle of the week. The tendency to haemorrhage is, however, 
more marked, and the danger of perforation of the bowels has now 
to be considered, while the typical rose-coloured rash should appear 
to a greater or lesser extent; the specific agglutinin reaction should 
be obtainable, as well as the diazo-reaction in the urine, while the 
specific bacilli arc much more difficult to obtain from the circulating 
blood, but can still be recovered from the spleen, the heccs, the rose 
spots, and often from the urine. Liver or gall-bladder symptoms 
and other complications may appear. With this introduction the 
signs and symptoms of the second week may be considered in 
slightly more detail. 

During this week the patient, who may have been up and about, 
is generally confined to bed, and may be seen for the first time by 
the physician. The facies is dull, apathetic, and listless; the 
reaction time is prolonged for answering questions; the hearing 
may be diminished; and the patient is drowsy. At night there 
may be sleeplessness and mild delirium. There may be slight sub- 
sultus tendinum. The decubitus is dorsal. The temperature con- 
tinues high, varying from about 102° to 105° F., while, the pulse is 
generally relatively slow (90 to 100 beats per minute), although it 
may reach to 120. The dicrotism may have disappeared, but the 
blood-pressure has generally diminished somewhat, and the first 
sound of the heart is not as appreciable as normal. The circulation 
is as a rule not good; the extremities are apt to be cool, or even 
cold; and the hands and feet, or more usually the tips of the fingers 
and toes, may be of a bluish colour. The nails often show signs of 
lack of vitality, and transverse ridges may be observed. Philipo- 
wicz’s sign may disappear, or may persist through the week, and 
even later. The typical rose-red or pink maculo-pa]niles appear in 
successive crops on the front of the abdomen or chest, beginning 
about the seventh to twelfth days, though in exceptional cases thev 
may occur as early as the fifth day, or they may be delayed as late 
as the twentieth day, while they may be entirely absent. Their 
number and presence depends upon some unknown secondary cause 
and not upon the severity of the attack, to which they bear no refer- 
ence. They are pinkish or rose-red, circular, slightly elevated, 
isolated maculo-papules about 4 millimetres in diameter, usually few 
in number, which disappear temporarily on pressure, but reappear 
as soon as the pressure is removed. They usually last three to five 
days, more rarely as long as ten days, and as a rule undergo no change 
until they fade and disappear, leaving occasionally a brownish stain. 
They are not associated with any subcuticular mottling, and are 
but rarely met with on the face, though they may at times be found 
on the arms and legs. They continue to appear until the end 





1384 THE ENTEROIDEA GROUP OF TROPICAL FEVERS 


of the second week, during the third week, or even during 
convalescence. 

The lips and tongue at the commencement of the second week 
are in much tlie same condition as at the end of the first week, and 
if the attack is of mild or medium virulence, they may remain in 
this condition during the whole week; but if the attack is severe, 
and if the patient passc's into the typhoid state, they alter in appear- 
ance; for in this condition the patient lies on his back, breathing 
through the ])artially open mouth, with the lips and teeth covered 
with the dark brown scabs, formed from epithelial debris, micro- 
organisms, and food, which are called ‘ sordes.' The tongue 
becomes dry, and is covered with a brown or brownish-black fur 
or crust, and may have painful cracks; but this condition is largely 
due to oral sepsis, and is not part of the disease, and may be more 
or less avoided by careful nursing and oral antisepsis. The pharynx 
is generally more or less inflamed, and may be ulcerated, as may 
the tonsils. Gastric disturbance, if present in the first week, is not 
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continued into the second week as a rule, and it is rare to observe 
vomiting in this week unless there is some com})lication. There 
may be consti])ation or there may be diarrhoea, and the motions are 
often of a yellowish colour, with alkaline reaction and somewhat 
offensive odour, and may contain sloughs, which will be recognized 
as greyish-yellow fragments of tissue about an inch in length. 

Hfemorrhage is said to occur in about 10 per cent, of cases, but 
our experience would indicate that it is more frequent than this. 
It varitis from a mere trace to a serious haemorrhage, and most 
usually occurs from the end of the second to the end of the third 
week — that is to say, during the period of separation of the sloughs. 

Often there aia^ little or no signs or ^symptoms to mark a slight 
haunorrhage, but a profuse haemorrhage produces serious symptoms. 
Often a luemorrhage takes place without warning, but as it is known 
to be possible, the attendants will be on the outlook for signs; and 
our experience is that there often is warning given by the presence 
of a trace of blood in the motions, by the slight increase of the pulse- 
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rate, or by a slight drop in the temperature. In sudden severe cases 
of haemorrhage the facies alters, becoming pinched and pallid; 
the pulse increases in frequency, and the temperature drops perhaps 
quite suddenly. In very severe cases a sudden fatal collapse may 
take place before any sign of blood has been visible in the motions. 

More or less metcorism is always present during this week, and 
at times this becomes a great trouble to the patient, and very 
rarely may reach to such a degree that it embarrasses the heart’s 
action. It is dangerous in that it favours perforation, which may 
occur in this week, but is more commonlv met with in the third week, 
under which heading it will be described. 

Usually the spleen is distinctly enlarged during this week, and 
the blood shows an anaemia due to the reduction of rc'.d blood cells, 
while the hrcmoglobin and the leucocytes are also redueed. The 
leucopenia is due to a reduction of the polymorphonuclear leuco- 
cytes and eosinophiles, while the mononuclear leucocytes are usually 
increased in numbers. The presence of a marked leucocytosis 



Fig. 659c. — Temperature Chart of a Case of Paratyphoid B Fever. 

(Chart made by Major Archibald.) 

would indicate the occurrence of some complication. The coagula- 
bility of the blood is reduced. 

P'ain and tenderness may occur in the right hypochondrium over 
the area of the gall-bladder, and is often due to a slight attack of 
cholecystitis, which may also be indicated by slight enlargement of 
the liver, slight jaundice, and rigidity of the abdominal muscles. 

The lungs should be carefully watched during this period, as lobar 
pneumonia may occur, and as the symptoms are not marked, and 
rusty sputum is rare, it may be oveU mked. 

Rarer symptoms during this week are local neuritis, tetany, eye 
troubles, and ear complications; but muscular cramp is by no 
means rare, and may cause great inconvenience to the patient. 

The urine is febrile, and may contain albumen. The diazo- 
reaction may appear before the rash, or may be deferred as late as 
the end of the third week. Bacilluria is found in about one-third 
of the cases, wliile urobilin and indicanuria are also fairly frequently 
met with. Acetone and diacetic acid occur, but may be due to the 
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Starvation. In mild cases the patient may show marked improve- 
ment during this week, and the temperature may decline gradually, 
and reach normal about the fourteenth day. This, however, is 
rare and usually the temperature keeps high during the whole 
week, and the patient enters the third week with all the signs and 
svmptoms of the fully developed attack. 

The Third Week . — During the third week the temperature may 
gradually fall to normal about the twenty-first day in typical cases, 
and with this the various symptoms may subside and convalescence 
begin. In moderately severe cases all the symptoms described in 
the second week may continue, but the fever may be less, and may 
gradually remit towards the end of the week. In the severer cases 
the fever continues, and the patient passes into a condition com- 
monly called the ‘ status typhosus.' This is the week in which 
there is a great danger of haemorrhage and perforation of the intes- 
tine. 



Fig. 66o.- -Temperature Chart of a Douple Infection of Typhoid and 
Paratyphoid B Fevers. 

In the*^ severe cases the temperature remains high; the pulse 
becomes quick; the tongue, teeth, and lips become covered with 
sordes; the diarrha'a and abdominal distension become worse; 
and tlie toxaemia produces delirium, at first mainly at night, but 
later more or less continuously; or the patient may develop a quiet 
state of delirium, lying quietly in the bed with the eyes open and 
staring, and quite unconscious of the surroundings. The muscles 
are markedly irritable, and show fibrillar contractions, tremblings, 
and twitchings, with or without subsultus tendinum. Emaciation 
now progresses, and the anaemia is more marked. This is the time 
for the ])liaryngo-ty])hoid ulcer to appear, and tympanites develops. 

The great danger of the third week is perforation, which is said 
to occur in about 3 per cent, of cases. It may take place in the 
mildest of cases, and we have seen it in one in which only two 
small ulcers could be found at the post-mortem examination, so 
that no case can be said to be free from this danger. 

The symptoms are often sudden, severe, stabbing pain in some 
part of the abdomen, and often referred to the region of the right 
iliac fossa, but may also be referred to the left iliac fossa. This 
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sharp pain disappears, but is replaced by a more general pain all 
oyer the abdomen, which may be persistent or intermittent. At 
times this general pain may be absent. Sometimes, but by no 
means always, there is vomiting. Usually there is more or less 
collapse, as indicated by the pinched features and the quick, small, 
thready pulse. The temperature generally falls, but quickly rises 
again; the abdon^^i^n becomes distended; the liver dulness is en- 
croached upon by the tympanites, and the breathing becomes 
thoracic; while the urine may be suppressed. The prostration 
increases, and the patient may gradually sink and die. In other cases 
peritonitis may intervene before death. A small perforation may 
not present the above typical symptoms, and may be only suspected 
at first by the fall of temperature and the rise of the pulse-rate. 

The Fourth Week— In typical cases the temperature lias fallen 
to normal by the commencement of this week, and the tongue has 
begun to clean and all the symptoms abate and gradually disappear, 
and convalescence begins. Now comes the danger of a relapse, as 
towards the end of this week the patient begins to get hungry. 

In severe cases the symptoms may continue unabated, and com- 
plications may occur. 

In protracted cases the patient lies in the .status typhosus with a 
high temperature, passing urine and faeces involuntarily, and may 
die from cardiac failure, from perforation, or some other complica- 
tion. 

The Fifth and Sixth Weeks . — These should be weeks of convales- 
cence, but at any time a relapse may take place, while complications 
and sequeke may occur. 

Varieties. — The various types of typhoid fever may be classified 
in the following sequence: Ambulatory, abortive, mild, typical, 
severe, and the masked. 

The ambulatory is typically presented by a person who feels ill 
for some days or weeks, but goes about his usual work, feeling 
exceedingly wretched, until, perhaps, someone, noticing how ill 
he looks, may take his temperature, and perhaps find it over 
104^ F. ; thereupon the patient seeks advice for the first time, 
and may be well into the second or even third week of the disease. 
More rarely a patient may go through the whole attack without 
medical assistance. Often, however, the illness may begin with 
the ambulatory variety and end with an exceedingly severe attack. 

The mild, the typical, and the severe, have been included in our 
general or typical account given above, and these are estimated 
to be about two-thirds of all cases of enteric fever. 

The masked type of fever is that in which one special group of 
symptoms is pronounced, as, for example, the nervous, with the 
severe headaches, neuralgias, early delirium, and other marked 
mental symptoms — e.g.y mania or the signs of meningitis. Another 
example is that in which the pulmonary symptoms are speci- 
ally marked — e.g., the early bronchitis or the pneumonia. Other 
examples are the severe gastro-intestinal symptoms, imitating 
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poisoning, or the signs of an acute nephritis. Lastly, the type in 
which haemorrhages begin early and are persistent is often spoken 
of as the haemorrhagic type. 

One curious form may be just mentioned, as, for example, the 
spleno-typhoid, in which the spleen is very markedly enlarged, 
without signs of malaria or relapsing fever. 

Complications and Sequelae. — The most important complication 
is malaria, but dengue and certain unclassified fevers of intestinal 
origin are occasionally met with during the first week, and com- 
plicate the diagnosis. Bedsores and boils are not infrequent 
complications, and loss of hair is a frequent sequel. Venous throm- 
bosis in the femoral vein is a frequent complication, and infarction 
may occur in various organs. Arterial thrombosis is much rarer. 
Acute ascending myelitis is noted, while joints may be attacked, 
giving rise to a typhoidal arthritis, and the spine to a typhoidal 
spondylitis. Periostitis of various bones is not rare. Inflamma- 
tion of the thyroid gland may also occur. Haemorrhage and per- 
foration have been noted. Iritis, orbital cellulitis, and purulent 
choroiditis have been recorded as due to typhoid fever, but purulent 
otitis media and mastoiditis, described as associated with typhoid 
fever, are generally due to other causes than the typhoid bacilli. 
Appendicitis and meningitis may also occur. 

Relapse. — One of the most important sequels to an attack of 
enteric fever is the relapse which may occur at any time during 
the three or four weeks following the fall of temperature to normal. 
It usually resembles an ordinary attack of tyj)hoid fever. 

Diagnosis. — The diagnosis of enteric in typical cases is not 
difficult, being based principally on the slow onset of the fever, the 
enlargement of the spleen, the presence of roseola at the beginning 
of the second week, the apathetic appearance of the patient, the 
leucopenia. Every medical man, however, practising in the tropics 
has noticed that enteric fever there, much more frequently than in 
temperate climates, presents an atypical course. The temperature 
chart may be very irregular, sometimes of a well-marked remittent 
or intermittent type (Fig. 659); the enlargement of the spleen may 
be absent during the whole course of the disease, or in other cases 
it may be much more enlarged and harder than is usually the 
case; roseola, invisible, of course, in natives, may be absent in 
Europeans, while at times these may present a profuse rash. In 
a few cases some of the peculiarities met with, especially the very 
irregular type of temperature, are explained by the presence of 
two infections — typhoid and malaria. Individuals who have had 
an attack of malaria may harbour in their spleen Laveran’s 
parasites for a long time without any symptoms, but as soon as 
the resistance of the organism is diminished by any cause like a 
chill, a disorder in dietetics, or the onset of some disease, an attack 
of malarial fever ensues. When these malarial carriers develop 
enteric, the malarial infection breaks out again, and probably 
modifies the course of the temperature. It must be admitted, how- 
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ever, that in the largest number of cases no such explanation can 
be found. As regards a clinical differentiation of the three varieties 
of enteric — typhoid, para B, para A — this is impossible, at least in 



Fig. 661.— Temper\ture Chart of a Triple Infection of Tyt-hoid. 
Paratyphoid A and B Fevers. 


the tropics. With these clinical difficiillies the becleriological 
diagnosis of enteric fever acquires in the troi)ics even more import- 
ance than in temperate climates. , r n 

The bacteriological diagnosis of enteric is based on the lollowmg 

methods : — 

1. Agglutination test. 

2. Haimocultures. , ^ a 

3. Search for the enteric bacilli (B. typhosus, B. paralyphosus A, 

B. paratvphosus B) in stools and urine. 

4 . Splenic puncture. 

3. Ophthalmo-reaction and cuti-reaction. 

6 . Subcutaneous inoculations of dead culluies and Vincents 
splenic diagnosis. 

7. Complement fixation, etc. „ , , r ; ...i im 

ITic ftr^ two proccssc's are really the only ones of practical im 

Dortance but a few words may be said also on some of the others. 
^ A“w’™ATtoN Test (Widal REACTi()N).-ahis test is based on 
the work of Gruber, Durham. Widal, and (rriinbaiim. Either the 
microscopical or the macrosco])ic method may be used. 1 he simplest 
wav to perform the microscopical test is to place on a slide 19 loop- 
of broth and i of blood, and mix the whole gently together. 
A ioopful of this dilution is then mixed with a loopful of a young 
broth culture, a hangine-drop made, aucl the prepuratmn 
examined ralctoscopieally for agglutination after one 'mh'- J.'” 
technical details may be found in any textbook on bactenolop. 
It sXces here to say that the blood hould be sufficiently di ut ed- 
it leSt I in !( -and the agglutination should be first tned, using 
the t win, id bacillus, and if this is negative, the paratyphoid A and 
+1 ^.^rj+xn-ttioid B bacilli. If the medical man in attendance 
cannot perform the test himself, he should send tlie blood to a 
b'lcterioFogical institute. The sample of blood is obtained by pi ick- 
ing the finger and collecting a few drops of blood in a ^^’’“^^otton- 
After closing both ends in the flame the tube is packed m 
wool, and despatched to the bacteriological institute. 
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Macroscopic tests (sedimentation test) are also in use, and various 
forms of apparatus (agglutinometers) can be obtained, which enable 
the general practitioner to carry out the test himself without using 
a microscope. A convenient rapid method is Alcock’s, the blood 
being diluted very little and exanlined after only a few minutes. 
Dreyer's method, using specially standardized emulsions, is useful, 
as this method renders much easier the making of agglutination 
curves, which are of great practical importance in the diagnosis 
of enteric in inoculated individuals. Technical details may be 
found in any modern textbook on bacteriology. 


In the tropics, even at the present time, one is apt to be asked what value 
is to be placed on the result of the agglutination reaction. Some medical 
practitioners are inclined to be sceptical, while others tend to base their 
diagnosis solely on the result of the test. We would emphasize the fact that 
in enteric lever, as in any other bacterial disease, in order to come to a definite 
diagnosis the results of the clinical examination and those of the laboratory 
must not be dissociated. 

The practitioner should give his attention to the following points:- — 

Reaction Negative. — (i) The reaction is generally absent during the first 
week of the disease. 

(2) In some very rare cases- — in our experience generally of very malignant 
type — the test may remain negative during the whole course of the malady. 

(3) The reaction with the B. typhosus — which in certain tropical labora- 
tories is still the only bacillus of the typhoid group used for the test — is 
negative in two varieties of enteric fever- -paratyphoid A and paratyphoid B. 

Reaction Positive. — (i) When the reaction is positive, it should be remem- 
bered that the blood may contain specific agglutinins many years after an 
attack of typhoid is over. In the event of fever in such a case tlie medical 
man who would solely rely on the Widal test would easily fall into error. 

(2) The reaction is not rarely positive in cases of jaundice, but recent 
researches have demonstrated the fact that these cases are in reality often 
due to the colccystitis caused by B. typhosus. 

{3) The reaction is positive m vaccinated persons for a variable period of 
time after inoculation. 

(4) One must be sure that the test has been carried out with sufficiently 
diluted blood. A dilution of i in 40 is sufficient for ordinary purposes. 

H^mocultures.- "Two methods may be used— the so-called 
‘ dilution method,’ introduced by Castellani in 1898, and the ‘ bile- 
enrichment method,’ introduced by Drigalski and Conradi, and 
modified by many authors. The latter is at the present time to be 
preferred, being simpler. The former is still of use when a mixed 
infection is suspected, as, for instance, a typhoid-pneumococcus 
infection. The pneumococcus and many other germs would grow 
very badly, or not at all, in bile media. 

Castellani s Dilution Method . — The region of the bend of the elbow 
is cleaned with spirit or ether, then disinfected with perchloride 
lotion (i in 1,000), then a little spirit or ether is poured again on 
the skin, or the region may be simply painted with tincture of iodine. 
When this has become dry, a few c.c. (2 to 5) of blood, by means of 
a sterile all-glass syringe, are taken aseptically from a vein of the 
region, generally the median basilic. The blood is immediately 
added to several large sterile flasks (at least three), each containing 
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200 or 300 c.c. of faintly alkaline broth. A dilution of about i in 
r IS generally sufficient. The flasks are incubated 

after twelve to twenty-four hours in positive 
ca^s, the broth becomes cloudy, and shows a growth of the germ. 

lim gerrn, of course, must be further identified in the usual 
way by cultivation .n milk, various sugar broths, and by the agglu- 
tination test. The method gives satisfactory results, the^. typhosus 
having been found by Schottmuller, Auerbach, Widal,* ^^inot, 
Vegres, and others, in a percentage varying from 70 to 100 per cent. 
The novelty of the method is the dilution of the blood in a very large 
amount of broth instead of employing the usual small quantities 
of the medium. This simple innovation makes all the difference 
in the result. With the old methods the majority of observers 
failed to detect the germ. These satisfactory results are probably 
due to the fact that the blood being greatly diluted, the agglu- 
tinins are also diluted, and any bactericidal properties of the blood 
serum greatly weakened. 

Gildemcister recommends dilution in sterile water, while Cummins and 
Gumming consider a solution of 0*5 per cent, taurocholatc of soda to be a 
very efficient medium. 

Drigalski and Conradi's Bile-Enrichment Method , — We use the 
following modification: 2 to 5 c.c. of blood are withdrawn from 
a vein by means of a sterile syringe (see above), or if a vein 
puncture is objected to, a deep prick is made in a finger, and the 
blood collected and dropped in Coleman and Buxton's glycerine- 
ox-bile medium, which consists of ox-bile qo c.c., glycerine 10 c.c., 
peptone 2 grammes, distributed in small flasks, each containing 
20 c.c. of the medium. If the blood is taken in the evening the 
percentage of positive results seems to be larger. 

Opiitiialmo-Diagnosis. — Chaiitcmesse has introduced a method of diag- 
nosis similar to the ophtha] mo-diagnosis of tuberculosis. An extract of 
typhoid bacilli, specially prepared, is used. A drop is instilled into the con- 
junctival sac; after two to tliree hours, if the case is typhoid, the conjunctiva 
becomes very red, and the inflammation persists for two or three days. 

CuTi- R eaction. — Attempts have been made by several authors to evolve 
a method of cuti-reaction for enteric in analogy to that which has been done in 
tuberculosis. The results have not been very satisfactory. 

SiLVESTRiNi's Test.-- A small amount of broth typhoid culture killed by 
hpat is injected subcutaneously. If the case is typhoid, this procedure induces 
a sharp rise of the temperature for a day or two. 

Complement Fixation. — A complement fixation test has been worked out 
for typhoid, para A and para B, by several authors, but its use has not 
become general, 

Vincent’s Spleno-Reaction.' — Vincent has noticed that in many cases 
after the subcutaneous injection of dead vaccine the spleen becomes tem- 
porarily distinctly larger. The reaction is specific — viz., a patient suffering 
from typhoid shows an enlargement of the spleen if he is injected with typhoid 
vaccine, but not if injected with paratyphoid A or paratyphoid B vaccines. 

Spleen Puncture.^ — T lie point of maximum spleen dulncss is found, the 
skin is disinfected by painting with tincture of iodine, and the puncture made 
by using a sterile syringe supplied with a long, strong, needle A few drops 
of splenic blood and juice are obtained with facility, and should be immediately 



ti92 the enteroidea group of tropical fevers 

sown in bile-glycerine medium. The method gives good results, but is not 

advised as a routine procedure. -n.. 

Bacteriological Examination of Stools for B. typhosus and Para- 
TYPHOSUS A AND B. — A small portion of the stool recently passed and collected 
into a sterile vessel is smeared on several large MacConkey's agarj)hites. ^J^se 
are incubated for twenty-four to forty-eight hours at 35 to 37 U., and then 
any suspicious white colonies further investigated. As is well known, on 
MacConkey’s medium the colonies of coli-like bacteria are red, while those of 
the typhoid and dysentery group appear whitish. Instead of MacConkey s 
agar, the Drigalski medium may be used, or Holt-Harris and Teague’s methy- 
lene ])liie-cosin medium, the inoculation of which may be done from a growth 
of the f.rces in Douglas’ peptone-free broth. 

Castellani’s Contemporaneous Gas- Agglutination Test.^ — Twenty 
tubes of salicin (or raffinose) peptone water, each containing a small fermenta- 
tion tube, are used, and to each tube 1-2 drops of trivalent typhoid and para 
A and para B agglutinating serum are added, or 1 droj) of each mono- 
serum may be added instead of the trivalent one. Each tube is inoculated 
f«pm one of the lactose non-fermenting white colonies ])roscnt on the MacConkey 
plates made from the suspected f.ecal matter. Tlic tubes are placed in the 
incubator at 33'^-37”C. for twelve to twenty-four hours and then examined. 
All tubes showing diffuse turbidity or gas, or both, are discarded. If one (or 
several) of the tubes shows agglutinated growth as well as absence of gas a 
diagnosis of enteric may be made, at once, for practical purposes. 

If the search is limited only to typhoid and not para A or para B, it is better 
to use glucose-peptone-water tulies slightly tinged with litmus, to which 1-2 
drops of typhoid agglutinating monoserum have been added. If one of the 
tubes (or several) shows agglutination and absence of gas while tlie medium 
has taken a reddish colour (acidity), the diagnosis of typhoid may be made. 

Castellani’s Poliserum Method. — This is an application of Castellani’s 
general method to isolate a bacterium from a mixture of other bacteria by 
using a multivalent scrum which will agglutinate and delay the growth of all 
or most of the bacteria present, while it does not influence the growth of the 
germ or group of germs one desires to isolate. Great difficulty, however, is 
found in practice in preparing such a serum, the best method of ineparation 
being that of mixing several pluri valent sera. The poliserum method may 
be carried out in various ways. Two may be mentioned: — 

1. (a) Inoculate with the hecal matter to be investigated several tubes of 
taurocholate of sodn peptone water, or Browning, Gilmore, and Mackie’s 
telluric acid peptone water may be used. 

(/;) Immediately after, or better immediately before, the inoculation, add 
3 drops polyvalent lacto.se-fermenting-intcstinai-bacteria serum, 3 dro])s poly- 
valent non-lactose fermenting faecal bacteria serum (B. proteus group, etc.), 
taking care to use serums containing only a very small amount of typhoid 
coaggiutinin ; or serums can be used from which the typhoid coagglutinin has 
been removed by absorption. 

(c) Incubate for twelve or twenty-four hours, then make plates on Mac- 
Conkey, Conradi-Drigalski, or similar media, from the most superficial portion 
of the liquid medium, and investigate further any suspicious colonies which 
may develop, testing tliem with typhoid, paratyphoid A, and paratyphoid B 
serums, etc. When there are many flocculi of agglutinated bacilli also in the 
upper portion of the tube, these may be got rid of by a short centrifugation. 

A short centrifugation with an ordinary electric centrifuge will cause the agglu- 
tinated bacilli to fall to tlie bottom, while it has practically no elfoct on the 
non-agglutinated germs in young cultures. 

2. Instead of inoculating the suspected faecal matter direct in taurocholate 
peptone water and poliserum, the stool is plated on MacConkey’s medium. 
After fifteen to twenty-four hours’ inculxition at 35°-37° C. all the white 
colonies (lactose non-fermenters) are inoculated in a tube of peptone water, 
to which has been added 2-3 drops of the poliserum for lactose non-fermenters 
apart from enteric group. After fifteen to twenty-four hours’ incubation 
the growth from the top of the tube is further investigated. 
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Bacteriological Examination of Urine. — The urine should be collected 
aseptically. In women a catheter should be used. In males this is not neces- 
sary. It is sufficient, after purifying the glans and meatus first with a'l'dis- 
infecting lotion, and then with boiled water, to make the patient pass bis urine. 
Any germs of the anterior portion of the urethra will probably pass with the 
first portion of urine, which is thrown away, while the last poition is collected 
into a sterile vessel, and immediately sown in tubes containing Coleman and 
Buxton's bile-glycerine medium. These are incubated at 35® to 37° C. for 
twenty-four to thirty- six hours, and then the further bacteriological investiga- 
tion is carried out in the usual manner by making plates, etc. 

Diazo-Reaction. — A chemical laboratory test often used is Ehrlich's diazo- 
reaction, which, however, is positive in several other febrile conditions. 

Harris’s Atropine Test. — Harris found out that the injection of ^ grain 
of atropine sulphate in fevers of the enteric group hardly accelerated the pulse- 
rate, while in patients suffering from other diseases such an injection will 
increase the rate o^' the heart by some twenty to forty beats per minute in 
the same manner as in normal individuals. 

Harris’s technique is as follows: — The patient should lie horizontally, 
perfectly quiet, and the test should be carried out at least one hour after meals. 
The pulse-rate is taken and recorded minute by minute until found to be 
steady. This usually takes ten minutes. An injection of grain of atropine 
sulphate is then given in the deltoid region. The patient remains absolutely 
quiet, and after twenty-five minutes the pulse-rate is taken and recorded 
minute by minute. An increase of the pulse-rate by about twenty or more 
per minute indicates that the patient is not suffering from enteric. If the 
increase in the pulse-rate is only ten beats or less, the reaction is suggestive 
of enteric. 


Diagnosis of Enteiuc in Inoculated Persons. — ^The diag- 
nosis of enteric in inoculated persons may be very difficult, the 
symptoms being often most atyi)ical. Moreover, the commonest 
laboratory test — agglutination — is of little use unless carried out 
according to certain methods. 

It is well known that in individuals inoculated with the triple 


vaccine typhoid and para A and para B, specific agglutinins develop 
for the three germs, as was shown by one of us long ago. The maxi- 
mum agglutination titre is reached two to three weeks after the 
first inoculation, then the titre falls at first— for a few weeks— 
rapidly, but later on in an extremely slow, gradual manner, so slow 
as to remain practically constant for montlis and years. After two 
months from inoculation only very exceptionally one finds an agglu- 
tination limit greater than i in 320 for B. typhosus and B. pura- 
typhosus B, and for/i. paratyphosus A greater than i in 180. There- 
fore, in a person inoculated longer than two months, if the agglu- 
tination limit is higher than i in 300 for B. typhosus or para B, or 
more than i in 180 for B. para A, and there is fever, a provisional 
diagnosis of enteric may be made. I . is always advisable, however, 
as emphasized especially by Drcycr, Walker, and Gibbon, to take 
tlie agglutination titre at intervals of three to five days several tunes 
during the course of the suspected fever and make an agglutination 
curve for B. typhosus, B. paratyphosus B , andS. paratyphosus A. 

If the agglutination for B. typhosus exhibits a regular rise, witn 
a maximum of even 100 per cent, in the third or fourth week from 
onset of fever, and then a subsequent regular fall, as seen in non- 
inoculated subjects, but starting from and returning towards the 
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higher base line of inoculated persons, while there is little or no 
rise in the agglutination titre for^. paraiyphostis B ^ diagnosis 
of typhoid fever may be suggested with great probability. 

If there is a regular rise and subsequent fall in the agglutination 
for B. paratyphosusB, while the agglutination titres for B. tvphosids 
andJ5. patatyphosus A show only a slight or no increase, the diagnosis 

of paratyphoid B may be suggested. i .-x 

If there is a regular rise and later fall in the agglutination titre 
for B. paratyphosus A, while the titre for B. typhosus and B. para- 
typhosus B is only slightly raised or not at all, a diagnosis of para- 
typhoid A fever may be made with a certain degree of probability. 

If there is a very distinct rise in the agglutination for all three 
germs or any one of them, there is the possibility of the patient 
suffering from one of the three fevers with non-specific agglutinins 
for one or both the germs producing the other two, or there is the 



Fig. 662. — Temperature Chart of a Triple Infection: Typhoid and 
Paratyphoid A and B Fever. 

possibility of the patient suffering from a mixed infection. In the 
first case tlic agglutination curves are generally synchronous, 
and the germ for which the agglutination is highest is often the 
infective germ. 

In mixed infections, whether in inoculated or non-inoculated 
subjects, the agglutination curves for the various infecting germs 
are as a rule not synchronous, and follow their ordinary course 
independently of each other. 

To carry out the above tests it is necessary to have recourse to 
an accurate quantitative method, and we recommend for the 
purpose Dreyer’s standard agglutination method, using standard 
agglutinable emulsions. Details will be found in any modern 
manual of bacteriology, such as Hewlett’s seventh edition. 

Of course, in inoculated persons the search for the infecting organ- 
isms in the blood, stools, and urine, as already described, is even of 
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greater importance than in non-inoculated individuals. Harris’s 
atropine test may also at times help the diagnosis of enteric in 
inoculated people, the test apparently not being affected by previous 
vaccination. 

Differential Diagnosis. — Ihe term ‘ enteric fever, as already 
stated, is used to cover three infections — typhoid fever, para- 
typhoid fever A, and paratyphoid fever B, which clinically, at least 
in the tropics, cannot be distinguished from one another, except by 
bacteriological methods. Enteric fever imitates many diseases, and 
rnany diseases resemble enteric fever, and this render? the differential 
diagnosis complicated and difficult. Of the many fevers which may 
possibly be mistaken for some usual or unusual attack of enteric 
fever, we have chosen the following for differential diagnosis-— viz., 
malaria, the relapsing fevers, dengue, undulant fever, plague, yellow 
fever, typhus, influenza, trichiniasis, acute miliary tiibeiculosis, 
appendicitis, pneumonia, rat-bite disease, psittacosis, parenteric 
fevers, ulcerative endocarditis, and pyaemia. 

Malaria . — Intermittent fevers are hardly likely to be confused 
with enteric fever, but remittent fevers are liable to cause difficulty, 
and may be recognized b}' the presence of the parasites in the peri- 
pheral blood, by the presence of pigment in the leucocytes, by the 
enlargement of the spleen, and the reaction to quinine. Moreover, 
the attack of fever is usually sudden, the tcmjjcrature quickly 
rising to 105° F., while the pulse is, as a rule, not dicrotic, and if 
the fever has lasted a few days, there is generally some sign of 
anaemia. It must, however, be remember eel that malaria is a not 
infrequent complication of the first week of an attack of enteric 
fever in the tropics, as malarial carriers are very apt to develop 
this fever when commencing an attack of enteric fever. 

Relapsing Fevers , — In these fevers the onset is sudden, and char- 
acterized by chills and severe pains in some region of the body, 
while a careful examination of the blood in a first attack should 
reveal the spirochaetes. 

Dengue . — Dengue begins suddenly with often severe pain in 
some part of the body, and often congestion of the conjunctiva, 
and perhaps a sensation of chilliness. It must not be forgotten 
that typical cases of dengue fever sometimes develop enteric 
fever. 

Undulant Fever . — This disease may very closely resemble enteric 
fever, and during the first week can only be definitely recognized 
in a locality in which both diseases occur by cultivation of the 
specific germ from the blood, while later sweating and the undulating 
type of fever, together with the articular symptoms, arc charac- 
teristic. 

Plague .— ordinary severe type of plague may be recognized 
by the sudden onset, the severity of the symptoms, the mental 
dulness, and the full development of the typical symptoms and 
bubo in a few hours. 

The milder forms of plague are more difficult to recognize, because 
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there is little fever; but the enlargement ol a group of lymphatic 
glands will arouse suspicion as to the true nature of the disease. 

Plague pneumonia may be distinguislied from the pneumonic 
form of enteric fever by an examination of the sputum. 

Yellow Fever. — Mistakes are most apt to occur at the commence- 
ment of a yellow-fever outbreak before the disease is recognized. 
The diagnosis may be effected by the rapid onset of llie fever, the 
tenderness in the region of the pylorus, and by the albuminuria 
which is often present on the first day, and later by the vomit. But 
in such an important point as the diagnosis between yellow fever 
and typhoid fever, bacteriological examination of the blood and 
motions should not be neglected. 

Typhus. ~n\\s fever may be distinguished by its sudden onset, 
and by the early appearance of mental symptoms, and especially 
by tlie early appearance of delirium and coma, while the macular 
petechial eruption appearing on the fourth day materially assists 
tile diagnosis. Brill's disease is merely a mild form of typhus, 
and may be differentiated by the appearance on the fifth or sixlli 
day of a maculo-papular eruption, wiiich does not disappear on 
pressure, and does not appear in crops. 

Infiuenza.—Tho diagnosis between influenza and enteric fever 
can be made by tlie presence of catarrlial symptoms in tlu' 
former. 

Trichiniasis. ~Tho presence of oedema of the eyelids, together 
with swelling and painful tension of the muscles, associated witli 
dyspnoea, are in favour of trichiniasis. The blood should be 
examined for any signs of eosinophilia, while the worms may be 
discovered in tiie motions. 

Acute Miliary Tuberculosis. —The differentical diagnosis here is 
very difftcult, and is complicated by the fact tliat the two diseases 
may occur together. The fever in acute miliary tuberculosis is 
irregular, and the pulse and respiration are rapid, and there is 
embarrassment of the breathing, often leading to cyanosis; but 
the diagnosis is very difficult, and may have to depend entirely 
upon bacteriological research. 

Appendicitis.— \n appendicitis the onset is usually abrupt and 
the pain in the right iliac fossa is distinctive, but there arc cases 
which closely resemble enteric; and it must be remembered that 
tile typhoid bacillus can cause appendicitis. 

Pneumoma. — Enteric fever may, though very rarely, begin with 
a typical attack of pneumonia, when the specific organisms may be 
found m the sputum; otherwise, a diagnosis must be made by the 
examination of the blood, or later clinically, when tlie more typical 
symptorns of enteric arise in the second week. 

Rat-Bile Disease. — This may be recognized by the history, by 
the blotchy, measly eruption, and by the fact that the fever ends 
for the first time after a few days, only to reappear again later. 

Psittacosis. — This enteric-like fever may be suspected by the 
history of there having been sick parrots in the house in which the 
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patient has been residing, and this can be confirmed by the isola- 
tion of the specific bacilli from the blood. 

Par enteric Fevers. — These can only be diagnosed by the bacterio- 
logical examination of the blood and faeces. 

Ulcerative Endocarditis. — Usually in this complaint there are 
recurring chills, irregular fever, substernal pains, and endocardial 
murmurs, while bacteriological examination of the blood may not 
merely differentiate it from enteric fever, but may indicate the 
germ which is causing the endocarditis. 

Pycemia. — In the first week this may be difficult, and depend 
upon the bacteriological examination, but the usually intermittent 
fever, the prostration, and the sweats, may give rise to suspicion. 
The marked Icuco^ytosis may also arouse suspicion. 

Weil's Disease. — This may be recognized by the early onset of 

jaundice. ■ i • r 

Diagnosis of Mixed Infections. — As already stated, mixed 
tions, especially typhoid and malaria, typhoid and paratyphoid, 
typhoid or paratyphoid and coli-like germs, ap not rare. In the 
typho-malarial-infection cases the microscopical examination oi 
the blood will reveal Laveran's parasites. As regards the diagnosis 
of the second group of mixed infections— viz., typhoid -l-paia- 
typhoid, or typhoid + coli infections — the diagnosis is based on. 

T. H<xmocultures. 

2. Castellanhs absorption test. 


The technique for haemocultures has already been given. We may 
here remind our readers that the finding m the blood ol some other 
organism besides the B. typhosus does not mean ^ 
is a real mixed infection. The organism found may play only a 
saprophytic role, especially if the blood does not contain specific 

as a rule, sufficient to make a diagnosis of mixed mffictmn, btcau. e 
coaeelutination does not always mean multiple infection. ^ 

Si of hvphoid patient agglutinates the B. fiaratyphosus. besides 
S typllL, one is not jLified in coming to the dtagnosis of 
a mixed infection brought about by the 

B -baratvphosus B, because it is well known that the Dlood m a 
tvnhoid patient may contain, besides the specific, primary or homo- 
logous aeclutinins Tor the typhoid bacillus, secondly or non- 
i^ecffic Sieterologous agglutinins h x f 

XmTed'bf oSer” and Durham, as long ago as 

1896, demLstrated that the typhoid may agglutinate Gaertncr 

hni-illi Zupnik and Poser later found out that 89 per cent, o 
typhoid ser? reacted with paratyphoid B, and 40 per cent, with 

has made a very complete mveslie.lion «l ‘he 
45 hh ‘hat 59 9 =^ «ent. ol typhoid sera presmit cm 
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agglutinations; 55 per cent, reacted with Gaertner, or Brion and 
Kayser; 41 per cent, with Schottmiiller B; 33 per cent, with Aer- 
trycke; and 12 per cent, with Schottmiiller A. 

The greater the quantity of typhoid agglutinin, the greater, as a 
rule, the subsidiary agglutination. 

To distinguish between primary and secondary agglutinins, and 
to facilitate the diagnosis of closely allied organisms and mixed 
infections, the absorption test, discovered by Castellani in 1902, is 
useful. This test has been further studied, and the technique 
improved, by Boycott, Bainbridge, O'Brien, Cummins and Gumming, 
Alcock, and others. An excellent monograph on the absorption 
test is the very recent one by Frank E. Taylor. 

Castellani found out that in rabbits immunized for typhoid 
only, whose serum agglutinated besides the typhoid bacillus, also 
certain ‘ roll ' germs, the saturation with an excess of typhoid 
bacilli would remove not only the primary (specific, homologous) 
typhoid agglutinin, but also the secondary (heterologous, non- 
specific) cob agglutinin; while in a serum derived from rabbits 
immunized both for typhoid and coli bacilli, neither saturation 
with typhoid alone nor coli alone, but only both together, simul- 
taneously or successively, would remove the whole of the agglu- 
tinins present in the serum. 

He experimented with various other germs, and applied the 
method to the differentiation of closely allied bacilli and mixed in- 
fections in man. For practical clinical purposes it may be said 
that if the blood of a typhoid patient presents, besides agglutination 
for the B. typhosus, also agglutination for, say, B, paratyphosus B 
or A, or a coli-bko germ, and if this agglutination for the B. para- 
tvphosusB or A, or cob-like, persists to a great extent after satura- 
tion with B. typhosus, the case is very probably one of true mixed 
in ection. typhoid -f paratyphoid B, or paratyphoid A, or coli- 
Iike, as the case may be. 

Of course, as with every other biological test, the results obtained 
cannot be accepted as absolute, but are only of relative value. 


To remove the typhoid agglutinin from the typhoid serum, this is diluted 
bacilli from young agar cultures added and kept iri 
serum is then tested for agglutination for the 
^ technique is used for removing the specific para- 

A agglutinins, etc.; by adding to the serum an excess 
A, etc.. baciUi. For technical details one 
on X bacteriology, or Taylor's excellent mono- 


Ppognosis.~-The typhoid mortality is, in the tropics, about 20 to 
25 per cent, for ordinary hospital practice, and rather lower for 
private practice. The mortality from paratyphoid A and para- 
typhoid B is lower. Unfavourable symptoms are the early appear- 
ance of haernorrhage, severe nervous symptoms, considerable 
meteonsm, and severe diarrhoea. A bad sign, pointing to a probable 
relapse, is the temperature faUing while the pulse remains rapid. 
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Severe hsemorrhages are of grave import, as is perforation. Sudden 
death may occur at any stage of illness and during the convalescence, 
but is, fortunately, very rare. 

Treatment. — The treatment of enteric fever may be divided into : — 

A. The treatment during the attack. 

B. The treatment during the convalescence. 

A. The Treatment during the Attack. — This may be subdivided 

into ; — 

I. Treatment of a simple uncomplicated case. 

IT. Treatment of special symptoms. 

I. The treatment ot a Simple Uncomplicated Case may be 
considered under the following headings: (i) General hygiene; 
(2) nursing; (3) diet; (4) medicines. 

1. General Hygiene . — A well- ventilated, airy, and well-lighted 
room should be chosen, and all superfluous furniture, hangings, 
belongings, etc., removed, except such few things as may be de- 
sirable to render the general appearance cheerfui. Special atten- 
tion should be paid to the bed, because the patient is to remain 
in bed for about one month after reaching a permanently normal 
temperature. The bed should not be too broad or too narrow, 
and should have a wire-woven mattress, which is part of the bed. 
Over this a soft horsehair mattress should be placed, and a reserve 
mattress should be kept handy. Over the horsehair mattress 
two folds of blankets should be placed, and then the sheet, and in 
the middle third there should be the draw-sheet, with its water- 
proof sheeting. The bed should be provided with an easily movable 
mosciuito-net. The whole room should be thoroughly cleansed once 
a day by means of damp cloths dipped in Jeyes’ fluid. All motions 
and urine should be protected agixinst flies, and, after being in- 
spected by the physician, should be disinfected with Jeyes’ fluid 
or crude carbolic acid, which is allowed time to act before the con- 
tents are tlirown away. A separate set of feeding appliances should 
be reserved for the patient, and these should be sterilized after 
use. All foniitcs should be soaked in Jeyes fluid or carbolic 
lotion for some hours immediately after use and before being washed. 
A large piece of ice is verv useful to keep down the temperature 

of the room in the tropics. x x f 

2. Nursing . — The most important feature of the treatment 01 
a case of enteric fever is the nursing. Two nurses, one for the day 
and one for the night, are absolutely necessary, and their work 
mav be rendered easier, and the patient considerably benefited, 
especially if he is over the average weight, by the use of a Skeflington 
lifter, or, failing this, by some simple apparatus based upon the 
plan of this ingenious lifter. The temperature should be recorded 
cverv four hours, and as haemorrhage is so common m the tropics, 
both nurses should be warned, and should be instructed 0 e on 
the watch for the slightest suspicion of this symptom. Moreover, 
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they should be instructed how to act when it occurs, in order that 
there may be no delay. The nurse should also be warned to be 
careful as to the disinfection of her own hands. Nurses who are 
to attend enteric fever cases should be selected from among those 
who have been vaccinated, in order to prevent the possibility of 
infection; failing this, a course of intestinal disinfection at the end 
of nursing a case of enteric fever is not without its benefits, as 
many nurses contract the disease. 

The patient should be sponged all over with tepid water twice a 
day, in the morning and in the evening, and this may be repeated 
if the temperature rises above 103° F. An excellent plan is to add 
to the water a little of a lotion of thymol 40 grains, spirits of 
lavender 2 ounces, rectified spirits of wine 3 ounces, dilute acetic 
acid 3 ounces, in 16 ounces of rose-water. The patient generally 
finds this admixture to be most refreshing. 

From the first the back should be carefully inspected and dried, 
and dusted v/ith a powder composed of boric acid, zinc oxide, and 
starch, or some similar powder. Any irritated region should be 
bathed with rectified spirits. 

The mouth must be carefully attended to, and a mouth-wash of 
glycothymoline, listerine, or other antiseptic mouth-wash, must be 
used, while the teeth should be carefully cleaned by the nurse by 
means of a small stick carrying a little cotton-wool. 

The bed-pan or slipper and the urine-bottle must be used through- 
out the illness and the early part of the convalescence. 

When the temperature is high, a light ice-bag to the head is useful. 

3. Diet . — With regard to the diet, the patient should not be un- 
duly starved, but should be given liquid food in small quantities 
at stated intervals. The best basis for the dietary is good chicken- 
broth and milk, and special attention should be paid to the fact 
that the liquid actually given to the patient is chicken-broth, and 
not some greyish warm water, with yellow fat floating on the sur- 
face. To this broth some Plasmon may be added, if desired. With 
regard to the milk, it should be boiled and diluted in the proportion 
of I to 2 with either soda-water, Perrier-water, lime-water, or barley- 
water, and attention should be paid as to whether it is properly 
digested or not by examining the f.'eces. If it is not digested, it 
must be replaced by malted milk, zymonized or peptonized milk, 
or by whey. Junket and weak tea may also be used. The patient 
should be given plenty of water to drink, either plain or as albumen- 
water, and it is very soothing to occasionally rinse out the mouth 
with soda-water. But no very warm or very cold foods or drinks 
should be given. 

4. Medical Treatment . — The less medicine given to a person 
suffering from uncomplicated and mild enteric fever the better for 
the patient. 

Some mild medicine — e.g., an intestinal antiseptic, or quinine in some 
form— is often given — e.g., the quinine and chlorine made by pouring about 
30 minims of strong hydrochloric acid upon 30 grains of chlorate of potash. 
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and dissolving the chlorine gas so evolved in 12 ounces of water, which con- 
stitutes the first bottle, and should be dispensed in a non-actinic bottle with 
a glass stopper. The second bottle contains quinine bihydrochloride 36 grains, 
syrup of lemons i ounce, also dissolved into 12 ounces of water. One table- 
spoonful from each bottle is mixed and taken three times a day. A thin slice 
of orange is sucked after each dose to remove the unpleasant taste. Some 
authorities prefer giving tincture of iodine 2 to 3 minims in an ounce of water 
every three to four hours ; others prefer /:i-naphthol 2 to 3 grains mixed with 
bicarbonate of soda 2 to 3 grains, or eucalyptus oil or cinnamon oil 2 to 3 
minims in a suspension. 


Constipation must be counteracted by a simple enema or an 
enema with a little turpentine if there is some tympanites every 

other day. ^ . 

After the second week urotropine may be given in lo-grain doses 
three times daily in order to disinfect the urine and gall-bladder. 

Serums and Vaccines. — Serums have not been successful; some- 
what better results have been recorded by a number of authorities 
by the use of vaccines. We do not use the vaccine treatment 
except in some protracted cases with low fever and fairly go()d 
general condition. 

Tchikana, Fagiuoli. Micheli, Quarelli, and others, give the enteric vaccine^ 
by intravenous injection Kraus, De Casteilo, and Lucksh, claim to ^ave had 
good results in enteric by the intravenous injection of heterologous vaccines, 
as, for example, a B. coH v.accine. Intravenous injections of a peptone solu- 
tion have also been used. 

II. The Treatment of Special Symptoms.— -TIk* special symp- 
toms which require treatment may be considered under the follow- 
ing headings: — 


Tympanites. 

Haemorrhages. 

Perforation. 

Diarrhoea. 

Cholecystitis. 


7. Delirium. 

8. Cardiac failure'. 

9. Phlebitis. 

10. Bedsores. 

11. Abscesses. 

12. Bone lesions. 


6. Hyperpy/exia. 

I. Tvmpamtes.-TYmp'<xmUs is to be treated 
turpentine stupes, by'the administration of ^5 mmuns of turpentme 
every three hours, or 3 to 5 minims of cinnamon oil at the same 
intervals or bv a hypodermic iniection of eserme. 

7 Intest naJ HmZrrhaire.-Thc nurse should be prepared on the 
onset of tSlmplication to stop all food and drink except a few 
sins of cold water to apply an ice-bag to the abdomen, and to raise 
the bedclothes on a Irdle and to administer either the enema 

mentioned above or to give a capsule of 3 w^sied 

both This is of the utmost importance, as then time is not waste 

tinned three or more times a day, and calcium lactate in g 
doses may also be given. 



1402 ‘ THE ENTEROIDEA GROUP OF TROPICAL FEVERS 

3. Perforation . — The only chance is to perform a laparotomy, 
and deal with the perforation surgically; but this must be done as 
soon as possible. After the operation the Fowler-Murphy after- 
treatment should be carried out, and the patient placed as nearly 
in an upright sitting position as compatible with comfort. This 
position is maintained for four days. At the same time a con- 
tinuous administration of salt solution per rectum is carried out, 
and so arranged that the patient obtains 2 to 6 litres per diem for 
a week, and Wainwright's special apparatus for this purpose may 
be employed. 

4. Diarrhoea. — This may be checked by tannalbin, 10 to 20 grains, 
three times a day, or tannigen in the same dose. A very useful 
adjunct is an enema containing Dover's powder, 5 grains; tannin, 
10 grains; mucilage of gum, i ounce; and thin starch solution, 
I ounce. Bismuth preparations should, if possible, be avoided, as 
they are apt to obscure traces of blood, which may be valuable 
hints of a possible haemorrhage. 

5. Cholecystitis. — This should be treated by urotropine, and when 
chronic by antityphoidal vaccination, or a surgical treatment may 
be advisable. 

6. Hyperpyrexia must be combated by tepid, cool, or even iced 
sponging, by immersion in baths of a temperature between 75'' to 
85° F. Antipyretic drugs should not be given. 

7. Delirium. — Acute mental symptoms require sedatives or relief 
of intracranial pressure by hmibar puncture. 

8. Cardiac Failure. — This may require to be combated by hypo- 
dermic injections of digitalin or camphor in ether, or by strychnine 
and by saline injections. 

q. Phlebitis. — This usually occurs in one of the legs, which must 
be wrapped in cotton-wool after applying ichthyol in lanoline 
(2 per cent.). 

10. Bedsores. — These are usually quite preventable, but great 
care is necessary to dry and to disinfect the back and to harden the 
skin with spirit lotion. When the sores have developed they should 
be disinfected twice daily with hydrogen peroxide, and a xeroform 
or zinc oxide powder applied. In some cases a protargol ointment 
(5 per cent.) or a balsam of Peru ointment (i to 2 per cent.) are 
useful. 

11. Abscesses. — Local inflammations should be treated with ice- 
bags, and when pus has formed incisions must be made. 

12. Bone Lesions. — A stiff jacket may be necessary to relieve the 
pain of a typhoid spine, and the osteitis or periostitis may require 
surgical treatment. 

B. The Treatment of Convalescence. — This may be subdivided 
into— (I.) The treatment of a simple case; (II.) the treatment of 
sequelae: (III.) the treatment of the acute carrier. 

I. Thp: Simple Case. — The most important factor is to keep the 
patient in bed without any change of diet until twenty-one days 
after the temperature has permanently reached normal, and then 
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to gradually increase and modify the dietary. The patient should 
not be anowed to sit up or to get out of bed until the temperature has 
remained normal for about four weeks. In the meanwhile the 
urotropine treatment should be carried out, and, if possible, a 
bacteriological examination of the urine and faeces should be made 
six weeks after the permanent return to a normal temperature. 

II* The Treatment of the Sequelae. — The phlebitis has been 
mentioned, and as it is followed by oedema will require a bandage 
or elastic stocking. Post-t3q)hoidal neuritis requires massage and 
electricity. Nervous sequeke are not very uncommon, giving rise 
to a temporary form of mental weakness, or to types resembling 
disseminated sclerosis, myelitis, etc. 

III. The Treatment of the Acute Carrier.- If a patient has 
become an acute carrier, he should be treated by antityphoid vac- 
cination, as already described, and urotropine should also be ad- 
ministered, for this drug, in addition to its action or the kidney, 
is excreted during twenty-four hours by the liver cells and by those 
of the gall-bladder. A dose of 15 grains per diem is said to be 
sufficient to destroy the B, iyphosus in a gall-bladder in ten days, 
but the complete cure of carriers is very difficult, even having 
recourse to surgical measures. 

Prophylaxis. — The essential features in the prophylaxis of enteric 
fever are a pure water-supply, a good system 01 drainage, and 
sewage and dust disposal, a pure food and milk supply, the destruc- 
tion and prevention of fly-breeding grounds. 

Another essential feature is the watering of the streets with anti- 
septic solutions when there is much dust, and lastly, and by no 
means least, the search for, discovery, isolation when possible, and 
treatment of the typhoid carriers. 

Vaccination. — At the present time Castcllani's triple; vaccination 
(typhoid, para A and para B) has come into general use. The triple 
vaccine can be prepared according to various methods: broth cul- 
tures killed by heat, carbolic salt solution emulsions, oily emulsions, 
sensitized vaccines, etc. In a general way, it may be stated that, 
whatever the method of preparation, the results are satisfactory. 
We generally use a vaccine consisting of an emulsion of typhoid, 
para A and para B bacilli in normal salt solution, to which J per 
cent, carbolic acid has been added. The details of preparation may 
be found in various papers by one of us. Each cubic centimetre con- 
tains typhoid 500 millions, para A 250 millions, para B 250 millions. 
Half a cubic centimetre is inoculated the first time and i cubic centi- 
metre a week later. Certain authorities recommend a double dose, 
I c.c. the first time and 2 c.c. the second. The triple vaccine gives a 
certain amount of immunity for the three varieties of enteric— viz., 
typhoid, para B, and para A ; the immunity for typhoid and para B 
seems to be more marked than that for para A. 

The inoculation of the triple vaccine gives rise to a local and 
general reaction, which is not more marked than after the old 
typhoid monovaccine: some infiltration and pain at the point of 
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inoculation; fever with headache and rheumatoid pains. The 
inoculated persons are generally fit to resume their duties twenty- 
four to forty-eight hours after inoculation. 

In countries where cholera is endemic in addition to enteric, 
the tetravaccine, typhoid, para A, para B, cholera, should be 
used. Certain observers describe a ' vaccine disease ' in analogy 
to a ‘ serum disease,' and state that the human organism becomes 
sensitized by a previous injection of vaccine. This phenomenon, 
however — at least with marked features — is, in our experience, 
extremely rare. 

Until 1916, in the British Army and practically in every other 
army — with exception of the Serbian Army, which adopted Castel- 
lani's tetravaccine (TABC) in 1915 — the vaccine used was the 
Wright-Leisliman typhoid monovaccine, which, as regards preven- 
tion of typhoid, gave good results, but naturally was of no efficacy 
in the prevention of the paratyphoid fevers. 

Vaccination by a Single Inoculation. — This has been attempted 
with a certain degree of success by using oil emulsions of the various 
bacteria (lipo vaccines) , as done by Le Moignic and Pinoy, or by using 
2 per cent, glycerin emulsions, as done by Castellani. 

As regards the results of simple typhoid vaccination, Firth's figures worked 
out by Pearson’s methods showed that out of 55,368 inoculated persons in the 
army in India, 61 were attacked by typhoid, and out of 12,074 non-inoculated 
45 were attacked; while another series of figures showed 58,481 inoculated and 
34 attacked, as against 10,927 non-inoculated and 22 attacks. 

'riui vaccine used in the army was the Wright-Leishman, made from cultures 
not more than forty-eight hours old, wliich were sterilized at 53® C., and to 
which, when cold, 0*4 per cent, of lysol was added. This vaccine was to be 
used during the period extending from three weeks to three months after its 
preparation, and was to be injected under the skin opposite the insertion of 
the left deltoid. 

The first dose was 500 million bacilli, and the second, given ten days after, 
was 1,000 million bacilli, and sometimes a third dose of 1,000 million was 
also given. Inoculation takes place at 4 p.m., and the soldier goes to bed at 
8 p.m., when the reaction begins, and is on light duty for two days. There 
is practically no negative phase, and the reaction consists of a localized 
hypenemia witli oedema and some slight fever, malaise, and cliilliness. Occa- 
sionally the symptoms are more severe, but usually disappear in forty-eight 
hours. The typhoid mono vaccine was prepared according to many other 
methods: the Pfcillcr-Kolle vaccine, the Vincent vaccine, the nucleo-proteid 
vaccine of Lustig and Galeotti, etc. An attenuated live vaccine was prepared 
by one of us, and a non-attenuated sensitized live vaccine was prepared by 
Metchnikoff and Besredka, and extensively used by Alcock. 

PARENTERIC. 

Synonyms. — Typhoid-lik(‘ and paratyphoid-like fevers; Enteric-like fevers; 
Fevers due to intermediate germs. 

Definition. — The term ' parentcric ’ indicates a group of fevers 
clinically hardly distinguishable from one another, and from 
enteric, but due to intestinal bacteria specifically different from 
B. typhosus Eberth, B, paratyphosus B Schottmiiller, and B. para- 
typhosus A Schottmiiller. 
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‘ii^overy of the paratyphoid bacilli 
cases of clinical enteric, but apparently due to germs different from 
those of the enteric group (typhoid, para A, para B), were placed on 
record by a few observers, riiesc cases wei'e generally viewed 
With much scepticism, which was to a certain extent justified, 
as in a number of cases the germ believed to be the cause of the fever 
represented in reality merely a secondary infection. After our 
work, that of Balfour, and of Archibald, the fact that there is a 
group 01 levers due to so-called intermediate intestinal germ.'^began 
to attract more general attention, a.nd i'S now accepted by most 
authorities. 

GeogrEphicEl Distribution. — Parenteric occurs apparently in every 
climate, but is of much more frequent occurrence in tropical and 
subtropical countries. Cases have been reported from Ceylon, 
India, Egypt, the .Sudan, the Balkans, Southern and Central 


Europe. 

.Etiology and Glassification. — Parenteric is caused by a large num- 
ber of intestinal bacteria, excluding typhosus, J<. paralyphosus A, 
and B. paralyphosus B. .^tiologiccdly one might differential c a 
variety of parenteric for each species of intestinal germ capable of 
becoming the aetiological agent of a fever, but sucli a procedure 
would differentiate several scores of parenteric fevers, and we 
therefore consider it simpler, for the time being, to classify par- 
enteric according to six types, corresponding to the six principal 
groups in our classification of intestinal bacteria (Chapter XXXVI., 
p. 932), as follows: — 

A. Parenteric due to bacteria of genus Ebcrlhus Castellani and 
Chalmers, excluding B. typhosus, and of genus Alkali genes Castellani 
and Chalmers. 

These cases do not seem to be very rare. Among t he germs found 
we may mention B. fcecalis alkaligenes Petrewsky, B. Jcecaloidcs 
Castellani, meia- alkaligenes Castellani, B . par a- alkaligenes Castel- 
lani, B. vivax Archibald, B. pritnitzi Castellani, B. kandiensis 
Castellani, etc. It would appear that these germs are usually non- 
pathogenic, but under certain circumstances, of which very little 
is known, may become so. 

B. Parenteric due to intestinal bacteria of genus Salmonella Lig- 
ni^res emend. Castellani and Chalmers, apart from B. paralyphosus 
A and B. These cases seem to be the most frequently met with. 
Among the bacteria found we may mention B. psittacosis Nocard, 
B. columbensis Castellani, B. archihddi Castellani and Chalmers. 
These three germs seem to be constantly pathogenic, while many 
other members of the group are often non-pathogenic, representing 
when found only secondary infections, although it is not excluded 
that at times they may become pathogenic. 

Two very important germs of the genus Salmonella are B. aertryke 
De Nobele ( = suipeslijer) and B. enteritidis Gaertncr, but these two 
germs very seldom give rise to an enteric-like fever ; usually they 
give rise to acute enteritis. 
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C. Parenteric due to germs of genus Enieroides Castellani and 
Chalmers. Cases of parenteric seem occasionally to be caused under 
certain circumstances by such germs, which as a rule are not patho- 
genic faecal bacteria. The following germs have been found capable 
at times of becoming pathogenic: B. enteriais Castellani: B. khartou- 
monsis Chalmers and MacDonald;^, parentericus Castellani. 

D. Parenteric due to germs of genus Lankoides Castellani and 
Chalmers. These seem to be rare, though a few cases have been 
recorded due to B. ceylonensis A Castellani and B. ceylonensis B 
Castellani. 

E. Parenteric due to germs of genus Balkanella Castellani and 
Chalmers and genus W esenhergus Castellani and Chalmers. These 
cases appear to be very rare, the germs of this group apparently 
seldom becoming pathogenic. 

F. Parenteric due to bacteria of genus Escherichia Castellani and 
Chalmers. Cases of parenteric due to bacteria of this group (so- 
called coli group) are in our experience very rare. True, germs of 
this group are comparatively often found in the blood of cases cf 
fever, and, moreover, are often agglutinated by the blood of the 
patient, but repeated bacteriological examinations very frequently 
show that these germs play only the role of secondary or associated 
infections, and that the cases are often true cases of enteric (typhoid, 
para A, or para B), the coliform germs having entered the general 
circulation through the intestinal ulcers. One should also keep in 
mind the frequent invasion of germs of this group in the pre-agonic 
period. 

Parenteric due to ^erms of the tribe Prolecs, such as B. cloaccB, B , pyocyaneus, 
B. proteiis vulgaris, etc., is rare, these germs generally acting as secondary 
infective agents. 

Morbid Anatomy. — Very little is known. Intestinal ulcers do 
not seem to be present. The mesenteric lymph glands may be 
larger than normal, and the spleen and liver may be enlarged, and 
the latter organ may show cloudy swelling and fatty degeneration. 
The heart is flabby, and may be in a condition of fatty degeneration. 

Pathology. — This seems to be somewhat similar to the pathology 
of enteric. 

Symptomatology. — Parenteric is clinically very similar to enteric, 
the onset being at times slow, the fever subcontinuous or con- 
tinuous, ending by lysis. 

At times, however, the onset is sudden, and the fever may have 
a most irregular course. The duration varies between ten days and 
several weeks, or occasionally months. The patient in some cases 
takes the ‘ typhoid look,’ being apathetic and expressionless ; at other 
times he does not appear to be very ill. Intestinal symptoms may 
be present or totally absent, but a certain amount of meteorism is 
often noticeable. The spleen may be palpable, but this is of much 
less frequent occurrence than in enteric. Roseola is extremely 
rare and intestinal haemorrhages practically unknown, the germs of 
the parenteric group giving rise very seldom to intestinal ulcers. 
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Frequency of Parenteric. — It is well to keep in mind that par- 
enteric is on the whole much less frequent than true enteric (typhoid, 
para A, para B). The observation has been made that persons 
inoculated against enteric (typhoid, para A, para B) seem occasion- 
ally to become more prone to contract parenteric, in the same manner 
that persons inoculated against typhoid only, seem at times to de- 
velop a tendency to contract paratyphoid A and paratyplioid B 
more frequently than non- vaccinated individuals. This, however, 
cannot be used as an argument against vaccination by the enteric 
or triple vaccine (typhoid, para A, para B), because, although 
individuals vaccinated therewith may develop a slight tendency 
to contract parenteric, still the total number of enteroidea fevers 
(enterica and par^nterica) observed in such individuals is greatly 
less than in non- vaccinated people or in people vaccinated only 
with typhoid monovaccine. 

Diagnosis. — ^When a patient is suffering from enteriC-hke symp- 
toms, while all serological and bacteriological investigations for 
enteric remain constantly negative, the practitioner is justified m 
suggesting the possibility of parenteric. Ihe diagnosis, however, 
should always be confirmed by a complete and repeated bacteno- 
logical examination of the blood, stools, and urine, with the object 
of isolating the causative organism and of determining from what 
variety of parenteric the patient is affected. We should like to 
emphasize here that the mere presence of an intestinal germ in the 
blood is not sufficient to come to the conclusion that this fc'.vei is 
due to that germ. Repeated examinations may show that it is 
present in association with true B. typhosus, B. paraiyphosus A, 
or B. paratyphosusB, and may have little or no part in the causation 
of the symptoms, quite a number of fcTcal bacteria being capable of 
entering the general circulation through intestinal ulcers. It, 
however, the germ not only is found in the blood, but the blood 
contains specific agglutinins for it, while hsemocultures 
reactions are constantly negative for enteric, the probabilities 
are that the germ isolated is the real ^etiological agent ot the 


^ Prognosis.— This is, on the whole, much more favourable than m 
enteric (typhoid, paratyphoid A, paratyphoid B). 

Treatment.-This should be on the same lines as for enteric 
Complete rest in bed and fluid diet are necessary. Drugs are ot 
little or no use except occasionally. Urotropme may be given m 
doses of 10 grains three or four times ct day. 1 he vaccine ti t-^tmui 
with autogenous vaccines seems to give better result s than in enteric 

Prophylaxis.— As regards general prophylactic b ^ 

improvements, destruction of ffies)» these are r ‘ 

enteric. The usual enteric vaccination (TAB) does not of com^e 
protect against parenteric, and when certain forms of P^onler^c 
become frequent the bacteria causing them in ay ^ " 
enteric bacilli in the preparation of a prophylactic vaccine. 
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VARIETIES OF PARENTERIC. 

In the general account we have given of parent eric wc have stated 
(see ^Etiology) that aetiologically very numerous varieties might be 
differentiated, but we have limited ourselves to distinguish six chief 
types in relation to the six principal groups of intestinal bacilli 
which may cause the condition. We consider, however, it advisable 
to give a brief separate description of certain varieties of parenteric 
which have been more completely worked out. These arc : — 

Psittacosis parenteric. 

Alkaligenes parenteric. 

Coliimbensis parenteric. 

Archibald! parenteric. 

Asiaticus parenteric. 

Kluirtoumensis parenteric. 


Psittacosis Parenteric. 

Deflnition.---A very fatal specific epizootic among parrots, which is capable 
Oi spreading to man and causing a febrile condition resembling typhoid fever 
in its characters, and wliich is very liable to be complicated with severe 
pneumonia. ^ 

History.— Ritter, in 1 879 was the first to suspect that there was a connection 
between small epidemics of pneumonia limited to certain houses and an illness 
among parrots in the same houses. In 1880 Eberth obtained large numbers 
of micrococci from the bodies of grey parrots. Ritter's observations were 
confirmed by Ost of Berne, in 1882, and by Wagner of Leipsic in 1885 In 
1892. 500 parrots were shipped from South America for Paris, but no less 
than 300 died en vouie from enteritis. On arrival in Paris the surviving birds 
were divided into two lots and sold to various people, with a result that 
within twenty-six days of their arrival an epidemic of psittacosis broke out, 
which resulted in forty-nine cases, with sixteen deaths. The epidemic was 

fn is meant that several persons 

in the same liouse were attacked by the complaint ^ 

and 1894, and in the same year Banti, 
Malenchini, and Palamidcssi reported an epidemic in Florence In i8q‘^ 
there were outbreaks at Prato, Cologne, and Paris; in 1897 at Genoa - in ^8Q8 
a Cologne; in 1901 at South Elpidio, Ancona, and Hull; in 1904 at New 
Hamplnre, one of the Eastern United States of America. Beddo 4 in 1914 
m England. Wc have seen epidemic enteritis of thfs 
nature develop in parrots in the Sudan, but prophylactic measures bcine 
immediately instituted it did not spread to man. ^ ^ ^ measures Doing 

apparently due to a bacillus belonging to the 
Ligmeres of our classification, first isolated from thc^wings of 
lound*bTrGfiitr?^ld by Nocard in 1893, and subsequently 

ISBthog™. 

rj;s£,'ss. 

Pathology. In parrots the disease causes a very fatal form of entpritia 



1409 


VARIETIES OF PARENTERIC 

post-mortem reveals lobular pneumonia in the lungs, fatty degeneration 
of the heart-muscle and liver, enlargement and softening of the spleen, and 
congestion of the kidneys, with swelling of the tubular epithelium. 

Symptomstology, The incubation period varies from seven to twelve days, 
after which the disease may begin suddenly with a chill, but more usually 
commences insidiously, like typhoid fever, with headache, malaise, etc., and 
a rise of teniperature from 102° to 104® F., with a pulse-rate of 100 to 120 per 
minute, quickened r»:'^pirations, cough, and muco-purulent expectoration. 
R^les may be heard over the lungs, while the spleen is enlarged, the tongue 
dry and furred, and diarrhoea or constipation may be present. Rose-coloured 
spots appear on the skin, and the patient becomes dull and stupid, in which 
condition he may remain for several days, i5.nd as a rule will recover in about 
fifteen to twenty days if no pneumonic complication intervenes. If, how- 
ever, pneumonia sets in, the patient becomes much worse, and as a rule dies. 

Diagnosis.- — The diagnosis is to be made by the discovery of rick parrots in 
houses in which people are suffering from typhoid-like fevers and pneumonia. 
Bacteriologically, attempts may be made to obtain cultures of the bacilli 
from the blood. 

Prognosis. — The prognosis is grave in old people and when pneumonia sets 
in, the mortality being stated to be about 35 to 40 per cent. 

Treatment. — The treatment must be conducted on the lines usually laid 
down for typhoid fever and pneumonia. 

Prophylaxis. — The infecled parrots appear always to come from South 
America; therefore care should be taken that only healthy birds are allowed 
to be shipped, and that these are kept in good hygienic conditions during the 
voyage. On arrival at their destination, they should be quarantined for 
about a couple of weeks, and, if found to be infected, should be destroyed, 
and their dead bodies and cages burnt. The places in which they were kept 
should also be thoroughly disinfected. Parrots should not be allowed to take 
food out of people’s mouths, and should always^be kept in good hygienic 
conditions. 


Alkaligknks Parentkric. 

Remarks. — BJcecalis alkaligoics Petruscliky — which belongs io the 
genus Alkali genes of our classification — is generally a liarmlcss faecal 
germ, but researches by various observers have demonstrated that it 
may occasionally become, pathogenic for man, and produce fever. 
Cases have been recorded by Straub and Krais (iqiq), by Rochaix 
andMarode (1916), by Shearman (iQiC), by Hirst (1917), and others. 

Symptomatology. — The fever often resembles a mild type of 
enteric, and is generally of short duration, twelve to fifteen days, 
though protracted cases are occasionally met with. At times the 
temperature is very irregular, subcontinuous or intermittent, and 
even a tertian periodicity is said to be occasionally present, though 
possibly some of these cases may have been associated with malaria. 
The spleen is seldom enlarged, roseola is not present, and intestinal 
haemorrhages have never been recorded. 

Diagnosis. — This is based on the isolation of B. fcecalis alkaligenes 
from the blood, and the presence of specific agglutinins for this germ, 
while all bacteriological tests for enteric and other intestinal germs 
are negative. The bacteriological examination of the blood is 
carried out as in enteric, either using Castellani's dilution meihod, 
details of which have been given when discussing the bacieriolcgical 
diagnosis of enteric, or one of the modifications of Drigalski-Ccmadi s 
bile method. The technique which, in the hands of Shearman, has 
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given good results is the following: — 5 blood drawn aseptically 

from a vein is placed in 50 c.c. of a 2 per cent, solution of tauro- 
cholate of soda in distilled water, incubated at 35° C. for twenty-four 
hours, and then plated out on MacConkey’s plates. These are incu- 
bated for twenty- four hours, and any white colony present is further 
investigated. 

Prognosis. — This is favourable. 

Treatment. — The treatment is symptomatic. Vaccines have been 
tried in a few cases, but no definite results have been so far obtained. 


COLUMBENSIS PaRENTERIC. 

Synonym. — Febris columbensis. 

Historical and Geographical Distribution. — The disease and its 
causative germ were described by Castellani in Ceylon in 1905. 
Spaar published a case in 1914. Recently cases have been recorded 
in India by De Mello, in Europe, in the Balcanic Zone by Lurie, and 
in the South of Europe by'^, Conte. It also occurs in the Anglo- 
Egyptian Sudan. 



Fig. 663. — T TEMPERATURE Chart of Columbensis Parenteric. 

etiology. — The causative germ isB. columbensis Castellani, 1905. 
This germ is somewhat peculiar in that occasionally when recently 
isolated its action on lactose may not be constant, the same strain 
having at times no action whatever on lactose, at other times slightly 



fermenting it. After several subcultures all the strains become, 
non-lactose fermenters. It is not agglutinated l)y typhoid, para- 
typhoid A and paratyphoid B sera. Its biochemical characters can 
be found in the table of intestinal bacteria on p. 946. It differs from 
B, paratyphosus A and B in producing gas in glycerine and other 
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minor characters. It is not agglutinated by either paratyphoid B 
or paratyphoid A serum. 

Symptomatology. — ^Two types of the fever may be differentiated, 
one closely resembling typhoid, the other characterized by numerous 
relapses. Enlargement of the spleen and meteorism may be 
present, but are not constant sjnnptoms. Roseola has not been 
recorded, nor intestinal haemorrhages. Urinary complications 
(cystitis, etc.) are not rarely met with. All the cases recorded have 
ended in recovery. 

Prognosis. — Appears to be favourable quoad vitam, but in the 
relapsing type the disease may last for four to six months, the patient 
having several attacks of fever, each lasting a coujde of weeks. 

Treatment. — This is on the same lines as for enteric, including 
complete rest in bed and fluid diet. Urotropine is useful, especially 
when there are urinary complications. 

Prophylaxis. — Casteilani has used in Ceylon a B. colunihensis 
vaccine in the form of a combined B. columhensis , B. typhosus, 
B. paratyphosus A cindB, paraiyphosus B vaccine. 

Archie ALD i Parenteric. 

This fever and its aetiological agent were described by Archibald 
in the Sudan in 1912. The bacillus was believed by Archibald 
at one time to belong to the 2?. cloacce grou^. It seems to us prob- 
able that the germ belongs to the genus Salmonella of our classifica- 
tion, and that it is related to R. cohmbensis Casteilani. 

Symptomatology. — As a rule the symptoms presented by the 
patient are not unlike those of the second week of enteric fever. 
There is high fever, ranging from loi^ to 103° F., associated with 
drowsiness and perhaps delirium, but this is often absent, with 
furred dry tongue, but without diarrhoea or tympanites, and with 
or without some very slight enlargement of the spleen. Sometirnes 
the temperature falls to normal after a week, but this intermission 
is followed by a prolonged fever of a remittent type, or, insicad, 
the fever may be more or less remittent from the commencement. 

Complications.- — Complications in the form of pneumonia, ab- 
scesses, femoral thrombosis, etc., may occur. 


Asiaticus Parenteric. 

This fever was differentiated by Casteilani in Ceylon by obtaining 
the specific bacillus from the blood and motions. There are two 
varieties of the bacillus, which may be called B. asiahcmjios. x 
and 2. (For the specific characters see table in Chapter XXXVI., 
p Q44 1 Culturally these bacilli are identical, but the biological 
reactions are slightly different. The possibility of a double infection 
of one of these bacilli or other parenteric germs with those of enteric 
fever must not be forgotten. The diagnosis will then depend upon 
the absorption test. 
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Symptomatology. — B, asiaticus No. i is associated with a long, 
protracted, rather low fever of medium severity, which shows 
usually a remittent or an intermittent character (vide Fig. 665). 
B. asiaticus No. 2 produced a fever resembling certain types of 
protracted enteric fever, but without any enlargement of the spleen, 
without roseolae, but associated with rather severe abdominal pains 
of long duration, though as a rule there is no diarrhoea and the 
stools never contain blood or mucus. 



Fig. 665. — Portion of Temperature Chart of a Case of Asiaticus 
Parenteric Fever. 

One case due to B. asiaticus No. i was associated with a severe 
ancylostome infection, while one due to B. asiaticus No. 2 was 
associated with a heavy ascaris infection. The fever did not stop 
when the patients got rid of the parasites. 

Diagnosis. — The only possible method of diagnosis is the early 
bacteriological examination of 5 to 10 c.c. of the blood taken asepti- 
cally from the median basilic vein, and examined as already de- 
scribed for enteric fever, while an attempt may also be made to 


Fig. 666. — Temperature Chart of Khartoumensis Parenteric. 

isolate the bacillus from the heces. The specific bacillus will be 
agglutinated by the patient’s serum in high degrees of dilution. 

Treatment.- — The cases must be treated on the lines already laid 
down for enteric fever, but the most suitable special treatment isthe 
injection of autogenous vaccines prepared like the typhoid vaccines, 
provided the acute symptoms are over and the fever is of very low 
type. 

Khartoumensis Parenteric. 

This fever and its setiological agent have been described by 
Chalmers and MacDonald in the Sudan. The germ B. khartou- 
mensis Chalmers and MacDonald, 1915, belongs to our genus Enter- 
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oides of intestinal bacteria, and is closely related to B, entericus 
Castellani, igUj and parentericus Castellani, 1914. 

Symptomatology. — After a preliminary period of one to three 
days, during which the patient suffers from headache, constipation, 
and malaise, with marked or slight fever, the febrile attack sets in 
with constipation, headache, and a disinclination for mental or 
bodily work. The heart, lungs, liver, and spleen remained normal, 
and, except for the usual febrile changes, the urine was also normal. 
Except for headache, the nervous system was normal, and no skin 
eruptions were noticed. The cardinal features of the illness were 
constipation, fever, relatively slow pulse, headache, malaise, and a 
general feeling of illness. 

After about seven days from the commencement of the tiue rise 
of temperature the fever, wliich had gradually risen to a maximum 
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Fig. 667. — ^Temperature Chart of Khartoumensis Parenteric. 


lying between 101° and 103'' F., subsided quickly, and in about an- 
other three days fell to normal, when the disease ended, or to nearly 
normal, and was followed by a relapse of a more irregular and pro- 
longed nature. When the temperature subsided all symptoms 
gradually disappeared and the patient felt quite well, but if the 
relapse occurred the headache, lassitude, constipation, etc., re- 
turned. At no time was any patient seriously ill, and at no time 
did a purgative produce other than good effects. 

The condition somewhat resembles a case of enteric, but the 
spleen is not enlarged and roseola is not present. 

The diagnosis is made on finding B. khartoumensis in the faeces 
and by the serological reactions, while all the tests for enteric are 
negative. 

The prognosis is favourable. . 1 . • i 

The treatment is symptomatic, but vaccines might be tried. 
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PLAGUE 
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Symptomatology — I diagnosis — Prognosis — Treatment Prophylaxis 
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Synonyms. — Black Death, Pest is, Lucs. French, La Pcstc; 
Italian, Pestc Bubboiiica; German, Die Pcste; India, Malianiari; 
Japan, Ycki; China, Kota-wen; Uganda, Kaumpiili. 

Definition. — Pkigiie is a seplicccmia caused hy Past enroll a peslis 
Kitasato and Yersin 1894 (usual name BacMhts pest is), wliicli pro- 
duces an epizootic in rats, from which it spreads to man and other 
animals by the agency of fleas. 

In man it causes an acute specific fever, characterized by an 
inflammation of tlui lymphatic glands; a secondary septicaemia, with 
haimorrhages, skin necrosis, and often a secondary pneumonia; or 
it may give rise to a primary pneumonia or a primary septicumia. 
The pneumonic forms are highly infectious, sju'eading frum man to 
man by aerial coma ction. 

History and Epidemiology. — Plague, because ol its epklemicity and its high 
mortality, is much feared, and has been noticed from early times to be associ- 
ated with a mortality among rats. Thus, the Bible contains an account of 
an epidemic disease in the Philistine country wliich produced buboes in human 
beings and killed rats {‘ mice of the field '). and there is also reference in 
Simi^son’s work on plague to the fact that Sennacherib’s army was attacked 
by a pestilence in wliich field-mice were in some way concerned. 

But it was not until the outbreak in Pelusium, a great Egyptian market, 
in A.D. 542, that the disease was seriously considered, for it spread to Byzan- 
tium, at that time the city of the world, and then passed into Asia, and through 
North Africa into Western Europe as far as Ireland, lasting in epidemic form 
for about 200 years. 

The next outbreak is in the eleventh century, when it spread as a pandemic, 
reaching a maximum in tlie fourteenth century, and gradually declining, until 
suddenly, in the seventeenth century, it left Western Europe, and in 1844 it 
vanished from Eastern Europe, and practically from Asia Minor, remaining, 
however, in the district of Assyr, in We.st Arabia. 

This great pandemic stirred Governments to take prophylactic measures, 
and Count Bernabo, of Reggio, is found impressing stern quarantine laws 
in 1374, while the Venetians, in 1403 and subsequent years, laid the founda- 
tions of modern prophylaxis by erecting the first lazaretto, or depot for the 
isolation of the sick, by instituting the quarantine for forty days (hence the 
term), and by the disinfection of clotliing and merchandise. Further, they 
compelled the sliip coming from an infected port to hoist a yellow hag, and 
to allow an inspection of the crew and passengers before it was given pratique 

In the meanwhile plague occurred in India, where the first records are t 
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^ found in a sacred Hindu book, the ‘ Bhigavat Purana,’ believed to be 
800 years old, wmch describes a disease in man associated with death among 
rats, and advi^s the vacation of a house in which dead rats are found. Plague 
epidemics in the eleventh, twelfth, fourteenth, 
niteentn, sixteenth, and seventeenth centuries, after wliich, apparently, it 
disappeared only to reappear in Gujurat and Sindh in 1812. In 1823 it was 
discovered that plague existed in the districts of Garhwal and Kumaon, but no 
one has been able to determine from whence it came, or how long it had existed 
in those pla,ces. It is now said to be endemic there, and to form the focus for 
the epideniic of Delhi in 1825, and Roliilcund in 1836. In 1836 plague broke 
out in Rajputana — the so-called Pali Plague, from the place first infected — 
and lasted two years. Since then plague has been introduced into Ind^a from 
China, and has spread therein, as will be explained later. With regard to 
Cliina, it is difficult to obtain any exact information, but it is possible that 
plague may have been introduced at some time by Mohammedans returning 
from Mecca via Burma to the province of Yunnan, where, according to Mina- 
kata, it was known some time between 1736 and 1809, for a Chinese author 
who lived during this period gives an account of a disease which caused death 
in men and rats. From that time plague has been endemic in Yunnan, from 
which it appears to have spread southwards, reaching Pakhoi, on the southern 
coast, about 1867, where it disappears and reappears at intervals without 
apparently affecting other regions, until 1894, when, after an absence of ten 
years, it again reappears, and, infecting the district of Kaochao, spreads via 
Canton to llong-Kong. In June, 1894, the causative bacillus was discovi'red 
by Kitasato in cases in Hong-Kong, and a little later by Yersin in the same 
town. In 1896 plague spread from China to Bombay, from which it has 
gradually extended over the larger portion of India, causing an enormous 
number of deaths. 

In 1897 a most important international conference was held at Venice, 
when protective measures were agreed to, and regulations framed to combat 
the disease, based upon the view that the sick person and his personal effects 
were tlie chief source of danger, and a quarantine of ten days from the last 
infected port was placed upon healthy ships, in 1898 the pandemic spread 
from India to Madagascar, and from theie to Lorenzo Martjuez and Mauritius. 
In 1899 it affected the Malay States, the Philippim^ Islands, New Caledonia, 
the Sandwich Islands, Australia, San Francisco, New York, Asuncion, Rosario, 
Buenos Ayres, Rio de Janeiro, Oporto, Lisbon, and Alexandria, in 1900 
it passed from Rosario to Cape Town, and also appeared in Glasgow. 

In 1900 Clcmow pointed out that the disease had existed endemically in 
Mongolia, Southern China, the Himalayas, Mesopotamia, Persia, Arabia, 
Uganda, Transbaikalia, itussian Central Asia, and Tripoli, between 1850 and 

In 1903 a Second International Conference w^ls held in Paris, wliich issued 
a series of regulations confirming those of the Venetian Conference, except 
that tlie quarantine of ships was reduced to five days, and that the agency of 
the rat in the disease was clearly recognized, and regulations for its destruction 
framed. Further, this Conference established an International Sanitary 
Office in Paris for the purpose of collecting and transmitting sanitary informa- 
tion to the different countries. In 1904 Johannesburg was attacked, in 1905 
Persia and Russia, in 1906 Leigh, and in 1907 Accra, on the Gold Coast, in 
wliich year the disease was widespread throughout the world, occurring in 
India, Persia, Arabia, Egypt, Tunisia, Algeria, West Africa, South Africa, 
East Africa, Russia, Glasgow, Argentina, Brazil, Chili, Paraguay, Peru, Uru- 
guay, United States, Australia, New Zealand, Japan, China, and Indo-China. 

Turning to Africa, wliich has already been mentioned to have been often 
infected it is now known to possess two infected endemic areas — viz., Ben- 
ghazi, in Tripoli, and Buddu, Koki, and Nkole, in Uganda, from the latter ol 
which an epidemic is supposed to have spread into the Kissiba district of 

' ^Such^T pandemic as the one just described could hardly exist without 
numerous careful inquiries into its causation and spread, for Governments 
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were interested in its prevention. Therefore Austrian, German, and Russian 
Commissions were appointed, and did excellent work. In 1898 the first 
Plague Commission of India was appointed, and was followed by an Advisory 
Committee of the India Office, Royal Society, and Lister Institute, appointed 
in 1904, and, finally, in conjunction with this committee, the Second Indian 
Commission was appointed in 1907, and has done excellent work in tracing 
the aetiology to the rat-flea. 

In the meanwhile individual observers had also studied the disease — e.g., 
Hafikiiie of India, and Lustig of Florence, had brought forward protective 
vaccines, wliile Verjbitski, of St. Petersburg, showed, in 1908, the importance 
of the bug as a carrier of the disease. 

Of great value have been the researches carried out in various colonies by 
Professor Simpson. 

According to Nicolas, plague is almost constantly present in New Caledonia, 
where the bacillus is believed to exist in a latent form. 

During 1909-10 in Manchuria there was a very severe epidemic of pneumonic 
plague with a few cases of the bubonic type. It was studied by Strong, 
Kitasato, Teague, Galeotti, and others. 



In 1914" plague appeared in Colombo, Ceylon, where the epidemic was 
studied by Castellani, who isolated the bacillus, Philip, and Hirst. Several 
features of the onset were of interest: — 

J- The human epidemic was certainly not preceded by a diffuse rat epi- 
zootic, as for years the bacteriological examination of rats had been carried 
out by the Municipal Health Office with negative results, and it was several 
weeks after the onset of the human epidemic that the first infected rats were 
discovered. 

2. Practically all the cases were of the acute septicaemic type, and were 
associated with an extremely high mortality without distinctive features, either 
clinically or post-mortem; and it is interesting to note that when infection 
was found in the rats it was also of the septicaemic type, and in them also the 
post-mortem findings were non-characteristic of plague, there being no 
buboes, no mottled appearance of the liver, no pleural effusion. 

3. The strain of plague bacillus isolated (B. pestis Yersin-Kitasato var. 
metapestis Castellani) differed in some minor points from the typical one. 

4. The commonest rat flea, as noted by Hirst, was different from that found 
on rats in the majority of plague-infested areas, such as Bombay, but it is the 
same as that found in Madras and Rangoon. 
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Climatology. — ^At the present moment the so-called endemic regions 
pe an area in the Kurdistan Hills, with a secondary area in Irak, 
in Mesopotamia; another area about the Himalayas — i.e.y Kumaon 
and Garhwal, in India, Thibet and Yunnan, in China — and four 
lesser areas — viz., Benghazi, in Tripoli, Uganda, in Central Africa, 
Azeer, in Arabia, and the trans-Baikal Province of Siberia — but only 
the first two are of real importance as far as we know. On the 
strength of these two different regions an attempt has been maele 
to differentiate two distinct types of the disease: the frst, the 
Western Asiatic, being mild, and pneumonic cases rare, while it is 
often self-limited, not capable of wide distribution, and not asso- 
ciated with an epizootic in rats; the second is the Indo-Chinese 
plague, or the disease as it is known to-day. It seems, however. 


hardly likely that such a distinction will be supported when the 

disease in the first area is 

carefully studied. Climate ’ ^ 

appears to have but little . 1 . 

influence on the distribution ^ v. ‘ 


of the disease, and soil appar- || 
ently none. In India an ex- ii 
cessive rainfall seems to favour y 
the spread and virulence of 
the malady. The hot season 
of the tropics and the winter 
season of the Temperate Zone 
are deleterious to the spread 
of the disease. The reason for 
this appears to be the effect of 
temperature on the bacilli in 
the flea, which disappear 



rapidly from its stomach above Fig. 669. — Plague Bacilli in the 
85° F., and are very ineffectual Blood. (X 1,000.) 

at that temperature, while at (From a photograph by J. J. Bell.) 


70^" F. they are virulent. 

Moreover, as has already been stated in the chapter on Fleas, high 
temperatures restrain the adults from laying eggs and the larvae from 
developing. When temperatures below 50*^?. are reached, it is found 
that rats die before the bacilli pass into the blood, and therefore the 
fleas do not become infected when sucking the blood. A temperature 
of about 79° F. is therefore best for the propagation of an epidemic. 

^Etiology [vide also pp. 909 and 943).— The aetiology of plague 
has been placed on a sure footing by the labours of Kitasato, 
Yersin, Cantlie, Simpson, Thompson, Ogata, Kolle, Martini, and 
the Special Committee already mentioned, together with the Second 
Indian Commission. . , ■ 

It is caused by the Pasteurella peslis (usual name: BactUus pestts) 
of Kitasato and Yersin, which is found in the fluid of the initial 
cutaneous vesicle, the buboes, the spleen, the blood, and the sputum 
in cases of pneumonia. When inoculated into monkeys, cats, rats. 
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guinea-pigs, squirrels, mongooses, bats, jerboas, etc., it causes the 
typical disease, while in bovines and equines it only causes local 
reactions, while camels are insusceptible. Canines, birds, and 
reptiles appear to be immune. It causes a natural epizootic in rats, 
which apparently is the true disease, from which that of man must 
be looked upon as an offshoot. In typical outbreaks there should 
be, firstly, the enzootic; secondly, the epizootic; then the endemic, f ol- ’ 
lowed by the epidemic in the affected country; and pandemic. 

In rats it produces either an acute or a chronic attack, the post- 
mortem appearances of which are different [vide Chapter XXXV.). 

In the acute type a bubo is found in 85 per cent, of infected rats, 
being present usually in the neck or axilla. If the bubo is absent, 
a plague rat can often be recognized by the subcutaneous congestion, 
the purplish-red appearance of the muscles, the waxy, mottled, or 
finely granular appearance of the liver, the ha:^morrhages, and the 
pleural effusions. The diagnosis can be confirmed by finding the 
bacilli in the bubo, the spleen, or the blood. 

The chronic type of the disease consists of encapsuled caseous 
foci, or abscesses containing bacilli, and found in the spleen and 
other organs. This form plays no part in the spread of the disease. 

The epizootic does not continue with equal virulence all the year 
round, for it appears to be profoundly altered by the temperature, 
being diminished in the hot weather of the tropics and the cold 
weather of the Temperate Zone. Thus in Bombay tlie Blague 
Commission found 1,766 pleiguc-infccted rats in one week in the 
season December to May, and only 20 lo 30 in tlie season June to 
November. The cause of this variation lias already been given. 

But all rats are not equally infected, for it was found in Bombay 
that there were two principal spec ies,Zf_/>^V;jy 5 norvegicus and E. rattus, 
and that during the epizootic period no less than 1,334 of the 1,766 
belonged to the former species, while in the non-epizo5tic period 
it alone carried on the disease. The reason assigned for this differ- 
ence was that the numbers of the flea population of the two rats 
were very different, E. norvegicus possessing about double the 
number of E. rattus. Further, it was noticed that the curve of 
E. norvegicus infection began to rise about ten days before that 
of h. rattus, which points to the origin of the infection of the latter 
from the former in the first instance. 

In Ceylon also the percentage of infected rats was higher in 
E. norvegicus than in E. rufescens, the local representative of 
E . rattus, but the septica^mic type was more frequent in the latter. 

^ E. norvegicus, which is not nearly so numerous in Bombay as 
E. rattus, lives outside houses, for the most part in sewers, drains, 
and stables, and has a great facility for burrowing, and is a good 
climber. It, however, has never been found above the third floor 
of a house. It forms its nest in one of its burrows, and breeds all 
the year round, but has two special seasons, one in March and one 
from June to October, the average family being eight. 

E. rattus is more common in Bombay than E, norvegicus, 
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especially in houses, where it increases, relatively to the other, up 
to the third floor, but above that level it alone infects the house. It 
is not so common in gullies, compounds, stables, go-downs, and food 
and tea shops as E. norvegints. The common meeting-ground of 
the two species appears to be the lower floors of houses, gullies, and 
go-downs. Though a domesticated rat, it can climb and burrow. 
It forms its nest in cupboards, heaps of firewood, etc., and breeds 
all the year round, but especially from June to October, the average 
family being five. 

The spread of the plague from E. norvcgictis to E. rattiu, accord- 
ing to the experiments of the Commission, is neillier by direct con- 
tact nor by air, soil, or food, but solely by the flea. Contact was 
excluded by placing healthy rats in the same room with plague- 
infected animals from whicn the fleas had been removed, when it 
was found that none of them developed plague. Tlie experiment 
was kept up for a long time, replacing dead infected rats with 
freshly infected rats, and, further, the room was never cleaned out, so 
that the healthy animals lived in contact with the infected urine and 
fecces, and even ate food polluted therewith, ai d yet not one con- 
tracted plague, thus excluding transmission by contact, soil, and food. 

Again, wlien healthy animals were suspended in cages 2 feet 
from the ground, so that the fleas coidd not get I0 them, or placed 
on the ground, and surrounded by 6 inches of tangle-foot, over 
which a flea cannot pass, as it is said to be incapable of jumping 
more than 4 inches, or surrounded hy a curtain of wire gauze so 
fine that a flea could not penetrate it, and exposed to infection, 
they escaped, though others not so protected became infected, thus 
disproving aerial infection. Further, the' transmission by the rat- 
tlea was proved by constructing a glass box, inside wliich two wire 
cages were placed at a little distance, but side by side, each standing 
in a tray filled with sand. Each cage had a lid, tlirougli which rats, 
food, water, etc., could be introduced, and the wliole apparatus 
was covered in with fine muslin to prevent the escape of the fleas. 
A plague-infected rat and a number of rat-flc^as were placed in one 
cage. When this rat died, a healthy rat was placed in the other 
cage, and after some time the dead body of the infected rat was 
removed, when it was found that the new rat became infected with 
plague, and fleas containing bacilli were found upon it. This 
experiment was repeated many times, 45 per cent, of the exposed 
rats taking the disease. Further, fleas infected by biting plague 
rats, when placed upon healthy rats, produced the disease in 55 per 
cent, of the experiments. 

The Commission calculated that the blood of an ordinary plague 
rat in two-thirds of the cases contains more than 100,000,000 bacilli 
per cubic centimetre, and that a flea s stomach could hold 0*5 cubic 
millimetre of blood. Therefore, when the flea gorged itself on the 
average plague-stricken rat it received at least bacilli. These 

bacilli are found only in the stomach and in the alimentary canal 
posterior to that viscus, especially the rectum, and escape from the 
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flea solely with the faeces. It was proved, however, that the bacilli 
multiplied in the body of the flea by allowing infected fleas to feed 
solely on uninfected rats, a fresh one being supplied each day, wh ni 
abundant bacilli were found up to the twelfth, and once to the 
twentieth day, thus proving that multiplication must have taken 
place, otherwise the original number of bacilli would have become 
much diluted by the feeds with fresh blood. Further, it was dis- 
covered that the proportion of fleas in whose stomach multiplication 
took place was six times greater in the epidemic than in the non- 
epidemic season. In the former season the bacilli could be found 
easily up to the fourth and even to the twelfth day, while in tlie 
latter never after the seventh day. Infected fleas were found to 
transmit the disease for seven to fifteen days. 

The method of infection probably is in one of two ways — either 
f^ecal pollution of the proboscis, or else faecal pollution of the wound 
made by the proboscis, which was found quite large enough for the 
purpose of introducing the bacilli into the skin. Martin's experi- 
ments tend to show that regurgitation often takes place, due to 
plugs of bacilli in the oesophagus (see Chapter XXXV.) . Both males 
and females can transmit the disease, but it was found that one in- 
fected flea alone was unlikely to do so. The flea most commonly 
found on rats, and the one by which the infection in these experi- 
ments was usually spread, was Xenopsylla cheopis Rothschild, but 
others — Ceratophyllus fasciatus and Piilex irritans — were found 
also capable of causing the disease. 

With regard to the spread of the disease to man, tlie Commission 
believes tliat the infection generally comes from Epimys raitus, 
because the habits of that rodent bring it into close relationship 
with man, and because the curve of its epizootic begins to rise ten 
to fourteen days before that of the epidemic. This period is calcu- 
lated to be made up of three days, during which the flea leaves 
the dead rat, to which is added another three days, which is the 
incubation period of plague in man, and five and a lialf days, which 
is the average duration of the fatal illness in man. 

Xenopsylla cheopis appears to be the flea by which plague is 
spread from Epimys rattus to man. This rat-flea will not merely bite 
man when it cannot get rat's blood, but is capable of living for 
three to four weeks on man’s blood, and is often found on human 
beings after inspection of plague-stricken houses. 

Further, it is believed that the spread of plague is due, not to 
migration of rats, but to the carriage of infected rats on ships, and 
of fleas in merchandise or on human beings. The Commission 
apparently consider the last to be the most important method. 

In Ceylon, as observed by Hirst, the commonest rat-flea is Xeno- 
psylla astia Rothschild, which seems to bite man with great reluct- 
ance at temperatures over 80'’ F. 

Pneumonic plague, which occurs only in 2*5 per cent, of cases 
during bubonic epidemics, spreads from man to man by bacilli 
carried by the air, for Strong and Teague demonstrated that the 
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Sputum in invisible droplets containing viable plague bacilli was 
frequently to be found in the air near a patient. Teague and Barber 
have shown that the fine droplets of sputum disappear quickly 
unless there is a considerable amount of aqueous vapour in the 
atmosphere, as is found in very cold climales, and hence the ten- 
dency for pneumonic plague to spread in those rather than in warm 
climates. On the other hand, the bubonic or septica^mic is not 
spread frorn man to man, but from rats to man. The epizootic 
is the real disease, and the epidemic is only an offshoot. 

The above aetiology explains fully the predisposing causes of sex, 
women staying more in the house than men; of house, of season, of 
climate, and also the carriage of the disease from one place to 
another by people, fodder, grain, bales of cotton, and clothing, 
rags, etc. 

Verjbitski in 1908 showed that bugs could act as carriers of the 
bacilli, and this lias been confirmed by Jordansky and Kladnitsky, 
while Walker considers Clinocoris rolundalus to be one of the 
carriers of plague in India, having found 22 per cent, infected with 
B. when collected from infected native huts. Moreover, he 

successfully transmitt ed the disease from man to the rat by means 
of Clinocorus rotundatns. 

The possibility of lice acting as occasional carriers should not be 
forgotten. Lice caught on patients suffering from plague have at 
times been found infected with B. pestis. 

In California, Wlierry, McCay, and others have shown that the 
ground-squirrel {Citellus beccheyi) is subject to plague, and that its 
commonest flea, Ceraiophyllus acuius Baker, is the vector from 
squirrel to squirrel, and, further, that this flea will bite man. 
Further, they record a subacute case of plague in a boy where the 
infection was believed to be acquired by contact with ground 
squirrels. With regard to the outbreak in Manchuria and North 
China, Gray has shown that it started among men who handled the 
larbagan [Arctomvs bobak Muller), which is susceptible to epizootic 
plague, and that these men on returning to their homes introduced 
the disease into three provinces, as pneumonic and septicaemic 
plague, while it was spread by the agency of the breath and personal 
contact of clothes and belongings by coolies travelling in parties 
and sleeping together in overcrowded insanitary inns, especially 
as the cold of the winter induced an indoor existence. These 
travelling parties infected adult males who stayed at the inns or were 
travelling, and so it spread to the ordinary population. No infect cd 
rats could be found, in 20,000 examined, while isolation of the 
patients and their contacts, together with efficient disinfection, were 
sufficient to diminish the death-rate. This shows how important 
the pneumonic form of plague may be in epidemics, especially in 
cold weather, but it is also to be noted that, although it starts from 
association with an epizootic, it tends to die out without being suc- 
ceeded by a bubonic outbreak, but it may infect rats and so cause 
a bubonic epidemic. There has been an epizootic in Suffolk, in 
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England, but only a few cases of bubonic plague in The 

tarbagan suffers at times from plague, but the epizootic is not 
extensive, and its direct relationship to human plague is negligible. 
Spermophilus citellus, the marmot, is susceptible to plague. 

Attention may be called to epidemic diseases in the lower animals due to 
bipolar staining bacilli, somewhat resembling the plague germ. We have 
observed one such epidemic in cats in Ceylon in 1904. A bipolar staining 
bacillus was found to be the cause (Bacillus felisepiicus Castellani), but the 
cultural characters were somewhat different from those of the true plague 
bacillus. 

Pathology. — Plague is a hrnemorrhagic septiccTmia in the rat, v/hich 
is communicated to the human being by flea-bites. The site of 
inoculation is sometimes marked by a vesicle, the contents of which 
contain the BaciUus pcstis in considerable numbers. The bacilli 
then travel via the lymphatics to the nearest lymphatic glands, 
which they may traverse, and, passing through the thoracic duct, 
enter the blood stream, and cause a septicaemia. More usually they 
remain and grow in the peripheral lymph sinuses of those glands in 
whicli they or their toxins cause degenerations of tlic cells, peri- 
glandular serous inflltration, and, later, degeneration of the walls 
of tile bloodvessi'ls and hiemorrhagc. The lymphatic glands are 
matted together l)y tlie exudation from the primary bubo. Tlie 
glands usually affected are tlie femoral, inguinal, axillary, iliac, or 
cervical, whicli may liriefly be classified into the groin, tlie axillar}’, 
and ccTvical glands. 

The Indian Commission ]K)ints out that the reason why the 
groin glands are so frequently attacked is simjily because tliey 
drain tlie largest skin area, for they say tlial tlie areas drained by 
the glands of the neck, axilla, and groin are in tlu^ proportions of 
I : ivS : 5, while the number of cervical, axillaiy, and inguinal buboes 
are in tlie proportions of i: 1*3: 5*8, and that therefore there is no 
seat of election as to where tlie plague bacillus enters. 

h rorn the jiriniary bubo the bacilli may travel along the lymphatics 
to the next chain of glands, in which they produce the secondary 
bubo, and from this they may enter the blood stream via the 
lymphatics. The bacilli, however, may gain direct access to the 
blood sh'eam through the injuries to the walls of the veins in the 
primary bubo. Once the blood stream is reached the disease 
becomes a septicaania, and affects the lymphatic glands, forming 
tertiary buboes; tlie lungs, causing bronchitis and secondary 
pneumonia; tlie spleen, liver, kidneys, skin, and other organs; and, 
Anally, leaves the body through the kidneys, skin, and mucosae, 
escaping in the urine, heces, and sputum (if there is pneumonia), as 
well as by any discharges or liamiorrhages from the skin. The 
excretion, via the sputum and saliva, can proceed for a period of at 
least forty-eight days after the temperature is normal. Further, 
as in chronic plague in rats, the bacilli may be found in abscesses 
some two and a half months after an attack. The chemical patho- 
logy of the disease is not well known. 
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Sti'Orlg, Crowell, and Teague, from a study of the pathology of 
Mukden plague, have concluded that epidemic pneumonic plague 
results from inhalation of the bacilli. The primary infection appears 
to be the bronchi, wliile it extends along the bronchioles by con- 
tinuity into the infundibula and air-cells, or through the walls of 
bronchioles into the lung tissue, causing a peribronchial inflamma- 
tion. From these centres the infection spreads to the adjacent 
pulmonary tissue and to the visceral pleura, the bacilli growing 
rapidly, and causing first a lobular pneumonia and later a lobar 
pneumonia, while the blood becomes quickly infected, causing a 
septicaemia. Secondary pathological changes take place in the 
spleen, bronchial glands, heart, bloodvessels, kidneys, liver, and 
tonsils, which mew at times become primarily affected. No sign 
of any intestinal plague was found, although plague bacilli must 
have been repeatedly swallowed in the bronchial secretions and 
saliva by the patients. 

Morbid Anatomy. — ^Thc characteristic features of a plague post- 
mortem arc the haemorrhages and the buboes, which have been 
studied in detail by Diirck. Thci skin in the region of buboes 
and on the head, arms, neck, and shoulders may show hccmorrhages, 
which arise from the action of the toxins upon the endothelial cells 
of the vessels. These cells increase in size, and perhaps in number, 
and some macrophages arise, after which they degenerate, and allow 
haemorrhages by rhexis to take i)la.ce. These haemorrhages, there- 
fore, may be petechial or diffuse, and will contain bacilli. Besides 
these, however, vesicles, pustules, or carbuncles, may be seen. 

Idle vesich'. arises from the irritation causixl by the bacilli in the 
skin, producing inflammation with exudation, which may go on to 
pustulation, or, the vesicle drying up, the cutis may become much 
inflamed and degenerated, forming the so-called carbuncle, which 
in no respect resembles a true carbuncle. 

The primary bubo shows a periglandular infiltration, which may 
spread from the site of the enlarged glands in all directions. When 
this gelatinous exudate is cut into, the enlarged glands can be seen 
matted together, grey or yellowish-grey in colour, with a soft centre 
and numerous Incimirrhagic s])ots, or perhaps large luemorrhages. 
The secondary buboes are seen to consist of degenerated glands 
witliout the techaiia, but with endo- and peri-glandular haemorrhages. 
The tertiary buboes contain hard hyperaemic glands marked by 
luemorrhages. 

The muscles of the body, but esp^ci^illy those of the abdominal 
wall, will be seen to be haemorrhagic. The spleen is enlarged and 
congested, and shows haemorrhages and contains bacilli. The liver 
may be slightly enlarged and haemorrhagic, with cloudy swelling and 
fatty degeneration of the cells. The lungs usually show some 
bronchitis, and often ])atchcs of secondary broncho-pneumonia. 
The right heart is usually dilated, and the musculature shows fatty 
degeneration, cloudy swelling, and ha;morrhage. Primary broncho- 
pneumonia may, however, exist, and be followed by a septicaemia 

90 
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and bubo formation. The stomach is hypenemic and haemorrhagic, 
while the solitary glands and Peycr's patches of the intestine are 
swollen and the mesenteric glands enlarged. The kidney may be 
normal, or show hasmorrhages. The nervous system seldom shows 
any changes, but luemorrhages and meningitis may occur. 

Tho post-mortem appearances of plague in rats are; — 

Bubonic Type .- — ■Lymphatic glands enlarged and lueinorrhagic, liver and 
spleen enlarged and congested; the former shows granular degeneration of a 
peculiar nature, and the latter is speckled with whitish spots as seen on section. 
There is often fluid in the }>leural sacs. These features have been found useful in 
diagnosis of plague rats when microscopical examinations cannot be carried out. 

SepticcBmic Type . — Tliere are no characteristic macroscopic features, and 
the diagnosis is solely based upon microscopic findings of the splenic juice 
and heart blood. 

Docll and Warner have applied to the diagnosis of plague infection in rats 
Ascoli's thermoprecipitation method. 

In cases of acute ^epticcemic type tlierc is no post-mortem cliarac- 
leristic feature on which the diagnosis of plague may be made or 

even suspected. The lym- 
pliatic glands are not 
enlarged, though the spleen 
may be of larger size than 
normal. 

Symptomatology — 1 ncuba- 
tion . — The incubation period 
varies from two to ten days, 
the average being three 
days. During this period 
there may be prodromal 
symptoms in the form of 
general malaise, headache, 
gastro-intestin al disturbance, 
pain, or feeling of discomfort 
in the site of the future bubo, chilliness, giddiness, and mental dulness. 

Onset . — The onset is usually sudden, with rise of the temperature 
to loy to 104"" F., pulse of 120, and respirations 30 to 40, and marked 
prostration, with an aggravation of the prodromal symptoms — i.e.. 
severe headache, furred tongue, vomiting, at times diarrhoea, pains 
in the back and limbs, and at the site of the future bubo, marked 
chilliness or a rigor, staggering gait, and marked mental dulness. 

Cew/'.sr.— In a few hours the disease becomes properly established, 
when the |)atient presents a typical facial expression of fear or 
anxiety, the eyes being bloodshot, bright, and staring, the face drawn 
and the nostrils dilated. The temperature rises during the first day, 
but may remit a degrt'c or so on the second day, but if so, it rises 
quickly again to the same or a higher degree than at first. As a 
rule, however, the temperature is most irregular. Towards the end 
it may fall by lysis, if recovery is to take place, or fall rapidly to 
normal or subnormal, and then as rapidly to rise about 107° F., or 
may simply rise directly to about 107“ F., and death ensue. There 
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is much thirst, and the tongue is coated at first with a whitish fur, 
but later it becomes covered with sordes, as do the teeth and lips. 
Vomiting is frequently met with, as well as diarrhoea; but the 
abdomen is not tender, unless there are enlarged abdominal glands. 
The spleen is always, and the liver often, enlarged. Cardiac dilata- 
tion is an important feature of the disease, and systolic murmurs 
niay be heard. The pulse is rapid, reaching 120 to 180 early in the 
disease, and later becoming, in bad cases, not countable. At first 
it is full and of moderate tension, but later it becomes small, weak, 
and intermittent. 

The coagulation of the blood is diminished. Plague bacilli can 
be found culturally in about a third of the cases examined. The 
number of erythrocytes and the amount of haemoglobin are distinctly 
increased above the normal, and there is a great leucocytosis — i.e., 
90,000 to 100,000 and more — ^but in the septicaemia form there may 
be a leucopenia. The leucocytosis is almost entirely due to an 
increase in the polymorphonuclear leucocytes. 

The breathing is rapid, and the breath sounds harsh, with moist 
rales, but signs of lobular pneumonia and pleuritis may also occur. 
The sputum in this type of pneumonia is very haemorrhagic and full 
of bacilli. 

Buboes of varying sizes may be noted in the groin, the axilla, or 
the neck, and are very painful, respectively causing the patient to 
lie with the leg drawn up close to the chest wall, or the head bent 
towards the affected side. They usually appear during the^f^^^ 
twent y-four hour s, and they may decline or siippufafe. " " " 

The skin^Tot and dry, and may show vesicles, pustules, or areas 
of necrosis, often called ‘ carbuncles ' (they are, of course, not true 
carbuncles). Hcemorrhages, in the form of petechiae or ecchymoses, 
may be seen under the skin, and epistaxis, hsematemesis, mela;na, 
and luematuria may occur. 

The quantity of urine is usually diminished, the specific gravity 
is high, and plague bacilli may be found. If Inemorrhages have 
occurred in the urinary tract, there will be erythrocytes and 
leucocytes, with albumen and globulin, though, apart from this, 
there is often a trace of albumin present, while anuria is generally 
present before death. Pregnant women always abort. 

Termination . — ^As the disease progresses the patient becomes 
weaker and weaker, the mind wanders, and a wild delirium may 
occur; but later a low muttering delirium passes into coma, and 
death ensues from the third to the fifth day. In favourable cases the 
tongue becomes moist and clean, the temperature declines by lysis, 
the pulse-rate diminishes, and convalescence begins, but may be 
much prolonged by suppuration of the buboes or by a secondary 
septicaemia. Even now death may occur from cardiac failure, 
suppuration, septic infection, or secondary haemorrhage. 

Varieties. — Four variations of the disease are recognized: (1) The 
ambulatory type; (2) the bubonic type; (3) the acute septicaemia 
type; and (4) the pneumonic type. 



PLAGUE 


142^8 

The Aifhhuldtofy Type . — This is the mildest form of the disease, 
and is characterized by but little fever, with slight enlargement and 
tenderness of a group of lymphatic glands. If the y.rca of skin 
drained by these glands is carefully investigated, a primary vesicle 
will often be seen at the site of the inoculation, and considerably 
helps in the diagnosis, for its fluid contains typical bacilli. The 
symptoms of this type resemble those already described as 
prodromata. 

The Bubonic Type . — ^This type agrees with the general description, 
the bubo being usuall^^ in the groin, less commonly in the axilla, and 
least commonly in the neck. The fever reaches its maximum on 
the fourth to fifth day, and lasts till the seventh to tenth day, when 
it falls by lysis, though it may rise again if suppuration is taking 
place in the bubex^s. The attitude of the patient depends upon the 
position of the bubo, as described above. 

The Acute Septicmnic Type . — Here the onset is sudden, and the 
temperature very high, with very rapid pulse, marked prostration, 
and delirium. There may be severe vomiting, and occasionally 
diarrlujea. No enlarged lymphatic glands are found, and the 
diagnosis on clinical grounds may be impossible. Haemorrheiges 
may at times occur in the skin and from the regions indicated above, 
and death rapidly takes place in from eighteen hours to three days. 
This type of the disease is often common at the onset of an epidemic. 

ThePneumonic Type . — ^'Fhere are two distinct types of pneumonia 
in plague — a pneumonia secondary to bubonic' plague and a primary 
l)neumonia. This latter begins siiddcuily without prodromata, after 
an incubation of two to live days, with chilliness, higli fever, head- 
ache, anorexia, and rapid })ulse. Within twenty-four to thirty-six 
hours the temperature is 103'' to 104'' T., and the pulse no to 130 
beats per minute. Cough and dyspnexa appear witliin twenty-four 
hours, when the expectoration is at first scant but soon becomes 
abundant. At first it is only composed of mucus, Init it soon 
becomes tinged with blood and later very luemorrluigic, eind is full 
of bacilli. The conjunctivie become injeett^d, and the tongue 
coated with a white or brownish fur. The br(;athing is very rapid, 
and dulness may or may not be present over the bases; the breath 
sounds are usually tubular and crepitant, and sibilant rales arc 
heard, while the vocal fremitus may be increased. Dyspiuea and 
cyanosis are early marked features, as is the fluid bloody sputum 
which is found by the second or third day, and is full of bacilli. 
Pleuritis, with its usual symptoms, may also occur. Prostratio]i is 
extreme; the heart becomes very weak and the ])ulse rapid, while 
the spleen is usually not ])alpable. A ma.rkc‘x] leucocytosis may 
occur. This is a very fatal type of tlie disc'.ase; delirium and coma 
appear, and cases die at the end of sixteen hours, two or three or, 
much more rarely, four days. 

SequelSB. — Cardiac weakness, wdth proneness to syncopal attacks, 
paralyses, septic infections of the buboes, or a general septic infec- 
tion, or gangrene of the lung, may occur. 
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Diagnosis. — ^This, in the bubonic type, which is commonest, is 
based on the acute onset with high fever, great prostration, and 
the presence of a bubo. Difficulty may arise in the diagnosis 
between the bubonic type of plague and climatic, venereal, and 
symptomatic buboes; between pneumonic plague and ordinary 
pneumonia; and between septic^emic plague and various fevers. 

In venereal bubo there will be found ulcers on the genital organs, 
or, at least, the patient will give a history of such. In climatic 
buboes and various symptomatic buboes due to small ulcerative 
lesions on the legs, etc., the general condition of tlie patient is usually 
far from being so grave as in plague. In any doubtful case bacterio- 
logical metliods should be employed. A little of the fluid from the 
suspected bubo is withdrawn, under aseptic precautions, by means of 
a sterile syringe, and films arc made and stained with methylene 
blue, diluted carbol-fuchsin, or Loishman’s stain. The presence of 
bipolar staining bacilli is sufficient, for all practical purposes, to 
diagnose the case as one of plague, tliough it is desirable, whenever 
possible, to complete the investigation by cultural methods followed 
by inoculations into animals. 

In pneumonic plague the ex])ectoration is generally fluid and 
greatly hamiorrliagic, and is not purulent, as it frequently is in 
catarrhal bronchitis or in bronchial pneumonia, nor is it tenacious, as 
in croupous pneumonia; the examination of the sputum — instead 
of the sputum, the lung juice, obtained by puncture with a sterile 
syringe, may be examined- will reveal the presence of numerous 
plague bacilli, easily distinguishabl(‘ from the pneumococcus by 
their being (Tram-negative. 

Acute Septicamic Plague.— -JliQ. didigyiosis is most difficult, as there 
are no characteristic symptoms and no glandular enlargements. In a 
country where plague is endemic any case of sudden high fever, with 
extreme prostration and blood examinations negative as regards 
malaria and relapsing fevc'.r, should be viewed with suspicion. The 
fever is generally higher than in dengue or pappataci fevers, often 
reaching 105^^ F., while tlie prostration is much more marked. The 
microscopical examination of the blood iovB. pestis is unfortunately 
often negative, and the cultural examination requires time, and 
hence the diagnosis may be made too late, as by that time the patient 
maybe dead. It may be distinguished from malaria by the absence 
of Laveran’s parasites, from relapsing fever by the absence of spiro- 
clnetes, but it is to be noted that cases of mixed infection occur. In 
India, as observed by Polverini and others, cases of mixed infection 
of plague and relapsing fever are not rare. The diagnosis between 
septicxemic plague and cryptogenic septicaemias due to the pneumo- 
coccus and other germs, as well as occasionally the differential diag- 
nosis from pernicious malaria, typhus and typhoid , may be impossible 
without a complete bacteriological examination of the blood. 

The simple microscopical examination of thick films of blood (Manson-Ross 
method) for the presence of bipolar staining bacilli is often a failure. The 
so-called dilution method introduced by Castellani for the search of the Bacillus 
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typhosus in the blood of typhoid patients is useful also for the search of the 
plague bacillus, as proved by Kolle and others: lo c.c. of blood are collected, 
under aseptic precautions, with a sterile syringe from a vein, and immediately 
distributed into several flasks of slightly alkaline broth, each containing 
300 cubic centimetres of the medium. In this way the bactericidal substances 
of the blood are greatly diluted, and the growth of the plague bacillus facilitated. 
Agglutination tests are not of much use in the diagnosis of plague. 

In places far from bacteriological laboratories Broquet recommends that a 
gland or a portion of a gland obtained as soon after death as possible should 
be placed in a vial containing 125 to 175 c.c. of a mixture of neutral glycerine 
(30° B.) 20 c.c., distilled water 80 c.c., and carbonate of lime 2 grammes. 
The mouth of the vial or flask is flamed and sealed with paraffin. On arrival 
at the laboratory the glycerine is wiped off the gland, which is made into an 
emulsion with normal saline, and injected, half into a guinea-pig and half 
into a rat. It is stated that by this method virulence is maintained for 
thirteen days, which is of great importance in the tropics. A dead animal 
should be immersed in a solution of strong disinfectant, such as carbolic 5 per 
cent., in order to kill the fleas, and should then be placed in sawdust or other 
packing in a hermetically sealed air-tight metal case, and forwarded for 
examination, if the distance is not too far, to the laboratory. 

Prognosis. — Simpson quotes Procopius of Cccsarea as saying, 
with regard to the plague in Byzantium, that many whose death 
the physicians predicted recovered, while those who were supposed 
to be about to recover often quickly died, from which it may be 
inferred that the prognosis in cases of plague has to be most guarded, 
for dangers are numerous even in convalescence — e.g., cardiac 
failure. 

The prognosis varies with the character of the epidemic, some 
being milder than others, and is better when the number of cases 
is declining. It also varies for the type of the disease, being best 
for the ambulatory and worst for the pneumonic. As 75 per cent, 
of the deaths occur before tlie sixth day, after that time the prognosis 
improves. 

A good pulse, a clear mind, a normal quantity of chlorides and 
no albumen in the urine, are good signs. High fever, rapid, thready 
pulse, violent delirium, sudden fall in the temperature, disappear- 
ance of the buboes on the fourth or fifth day, and anuria, are bad 
signs. But in all cases be cautious eibout the prognosis, and re- 
member the physicians of Byzantium. In pneumonic plague the 
prognosis is most unfavourable — e.g,, in the Manchurian epidemic 
of pneumonic plague no case in which the bacteriological diagnosis 
was positive was known to recover. 

Treatment. — ^'Fhe treatment should aim at killing the bacillus 
and neutralizing its toxins, and naturally one hopes to find those 
pquirements supplied by sera. Unfortunately no such serum has 
fas yet been found, though encouraging reports have been recorded 
) by Qiiulw^yitnd Polverini concerning Yersin’s and Lustig’s sera, and 
by others concerning Cruz’s serum. Whatever the serum, it should 
\be given in large doses (d9„to 50 c.c., and even more) by subci^- 
tjmeous injection. A second and a third injection can be given 
during the ‘'Course of the disease, but one should keep in mind the 
possibility of anaphylactic symptoms in people previously in- 
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oculated with serum. Several such cases have been recorded by 
Darling. The serum may be given also by intravenquj 

Yersin’s serum is prepared by the inoculation of horses with 
fresh agar cultures, and is such that o*i c.c. should protect a mouse 
from a dose of bacilli, which otherwise would kill it in two to three 
days. The dose for man is 60 to 300 c.c., given intrr^venously and 
also subcutaneously near the buboes. Lustig and Galeotti’s serum 
is prepared by injecting a horse with a vaccine which contains 
nucleo-proteid from cultures. The mode of action of these sera is 
said by some not to be bactericidal, but to encourage phagocytosis. 

Though admitting that the serum treatment is far from being 
perfect, we advise its use at the very beginning, as it gives somewhat 
better results than the ordinary symptomatic treatment or the 
so-called antiseptic treatment, such as the internal administration 
of carbolic acid. 

As regards the symptomatic treatment, the first indication is to 
keep the patient in bed, because of the danger of syncope, and to give 
him good nursing and fresh air. Fever must be treated by sponging 
and cool or cold appUcafions ; buboes by cold applications and 
ichthyol, and when they suppurate an incision must be made and 
the wound treated ase]Hically. Not much good is to be obtained 
by excising the glands evcai in an (‘arly stage, though several 
authors — Terrii — hav(‘ recommended it. The heart’s action 
must be maintained by digitalis, strophanthus, and strychnine. 
Restlessness may require a' hypodermic of hyoscin; haemorrhage 
will require treatment by calcium chloride; the so-called car- 
buncles must be treated antiscptically; pneumonia and bron- 
chitis require the ordinary treatment; and if there is constipation, 
calomel and a saline purge may be given; while vomiting is to 
be treated as described under Malaria. A sufficiency of fluid should 
be given, so as to keep up the action of the kidneys. 

The diet should consist of broths and milk, while stimulants are 
usually required. 

Tincture of iodine has been recommended, and is given by oral administra- 
tion, a few drops at a time, diluted with cinnamon water, and may be given 
also by intravenous injection, 5 to 7 minims once or twice daily. Eusol has 
been recommended by Brayne. 

Prophylaxis . — Bacillus peslis being conveyed by the rat-bite from 
rats to man as a rule, and more rarely from man to man, it is 
obvious that prophylaxis must include methods directed against 
rats and fleas, and methods for the protection of human beings. 

The spread of the disease from place to place is thought to be 
mainly by the flea being carried by human beings on their person, 
or in their clothing, or by means of the merchandise, or by rats. 

The prophylaxis will be considered under two headings — Public 
Prophylaxis and Personal Prophylaxis. 

Public Prophylaxis. — It is necessary, in order to prevent a 
country from being infected with plague, to institute a Sanitary 
Service, which should consist of a central authority for collecting 
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and dealing with information on a large scale, and to which will 
be attached bacteriologists, who will carry out the necessary 
bacteriological examinations and prepare prophylactics; and a 
Port Sanitary Branch, for investigating and disinfecting ships. 

It is as well, if possible, to limit the communication with infected 
areas to as few ports as possible, and to provide isolation hospitals 
for the sick and for the healthy coming from infected areas. The 
length of quarantine is fixed at present at five days, but this appears 
to be too short, if the findings of the Indian Commission with regard 
to fleas arc considered. 

Attempts can be made to prevent the disease crossing land 
frontiers by the medical inspection of persons coming by rail, road, 
or river, but this method of prophylaxis is liable at any time to 
break down. 

It would appear most necessar}^ to disinfect the clothing and 
persons of all people coming from infected areas, as they may carry 
fleas, and this is most difficult to effect; but it is not so difficult to 
disinfect merchandise by the Clayton ap})aratus. 

In addition, rats must be caught regularly in places situated in 
danger zoiU's, and inspected to see if any are becoming diseased, 
for the epizoiitic begins before the epidemic as a rule. 

But of all things the most difficult, as well as the most important , 
appears to be tlu' recognition of early cases, and pinairnonia, buboes, 
and sudden deaths must l)e regarded with the gi eatest suspicion. 

When an epidcanic begins tluTe are two periods, as vSinipson points 
out, at which the' j)0])ulace takes fright, and has to be firmly handled: 
one at the beginning, and the? second wlum the deaths begin to 
increase' rapidly in nunibcT. Riots and assassinations of magistrates, 
medical office'rs, and ins])e'ctors may occur, and must be foreseen. 

As eliagnosis is so difficult at first, a house-to-house inspection 
by compe'te'iit medical officers will be ne'ceissary to find out the 
number of cases, anel in no instance must a body be allowed to be 
buried without be'ing vie'wed by a mealical officer. If this is neff 
done, it will be impe)ssible' to gauge the' extent of the', disease. 

Rats must, of course, be regularly anel systematically examine'd, 
and their nu)rtality curve's construct eel. The sick must be ise)lat('d, 
aiiel the ])t'rse)ns anel cle)thing e)f contacts elisinfex'teel to kill the' Ih'as. 
Lvea'y infected he)use must be disinfe'cte'd by filling the adjoining 
house's with the gas fre)m a Clayton apparatus, anel after this the 
house itself. If this method is ne)t carrie'd e)ut, the rats will simply 
pass from the infe'cted to the non-infected houses, and spread the 
plague. Village houses might be burnt, which is cheaper and a 
fairly effective method, though, of course, measures should be taken 
to prevent the rats c'sca])ing. The gas in question is generated by 
burning sulphur at a very high temperature in a special apparatus, 
when SOj and vSO,^ and some unknown gases are evolved, which are 
passed into the ship, house, warehouse, (dc., and drawn through by 
an exhaust-pipe until a 3 per cent, mixture of gas and air comes out, 
when the exhaust is stopped, and gas passed in until 10 to 12 per cent. 



PROPHYLAXIS 


1433 


is reached, at which it is allowed to remain for four hours. For the 
fumigation of ships it is found to be much more satisfactory if the gas 
is made to circulate and to penetrate better by means of electric fans 
and similar devices. This gas kills rats, rat-fleas, and other insects, 
and plague bacilli, and, if dry, will not injure food-stufls, except fruit 
and some vegetables, nor will it harm merchandise or machiner}". 
A mixture of equal parts of cyllin and petrol constitutes a reliable 
pulicidc and bactericide. 

Rats may also be. killed by means of Danysz’s virus, which is a 
bacillus easily recognized from Bacillus pssiis, and kills the rat by a 
septiciemia, causing cederna of the intestinal walls, inflltration ot 
Foyer’s patches, and enlaigement of the spleen, with somtdnnes 
peritonitis, and only then enlargement of the lymphatic glands. 
Danysz’s virus is administered, by Simpson’s method, on bread, and 
is said not to affect human beings, though recently complaints ot 
illness of persons living in places where some sort of virus was being 
used has been recorded. Danysz’s and similar viruses^ are very 
often inert and ineflicacious in the tropics and require to be exalte 
by jiassage through animals before being used. x ^ ( + 

Bannerman has strongly advised cats as a method ot rat 
extermination, but it must be noted that cats are not refractory to 

awcars to us that Black’s methods of dealing with an outbreak 
of plague are the best. First of all, he I0cali7.es the outbreak, and 
begins his prophylactic measures in a circle well outside this area, 
and works towards the centre. This is of great importance, because 
beginning in the centre and working towards the pci iphci y mere y 
disseminates the disease. Secondly, he has recognized tie ac ‘ 
that rats will not eat food handled by human beings, and theretore 
the people who handle and cut the bread into cubes prior to dipping 
it into poison have their hands smeared with oil of aniseed, as is also 
the board on which the bread is cut. The poison which he has used 
with great success is phosphorus paste. The phosphorus is mixed 
with glucose to prevent spontaneous combustion, and then a paste 
is made with a fatty base such as lard, but it is advisable to vary 
from t ime to time the fatty base. To our minds these little points 
make all the difference between failure and success. Liston advises 
the centralization and isolation of the stock of gram in villages, 
and an organization of the system of the refuse disposah while 
the stabling of cattle in houses should be prohibited. He lays 
stress on tlie disinfection of the clothes of travellers coming from 
infected areas. Tr.aps equivalent in number to 2 per cent, of the 

population should be used to catch rats. , , . 

With regard to the destruction of fleas in human habitations, 
washing the floors and walls with crude oil emulsion such as the one 
recommended by Burke will be found useful, as demonstrated by 
Jackson and others. Burke’s formula is crude oil 80 parts, whale- 
oil soap 20 parts. The preparation is a jelly mixing freely with 
water, and a 10 per cent, solution of it will destroy fleas with 



PLAGUE 


1434 

certainty, as well as other insects. One gallon of the 10 per cent, 
solution is sufficient to disinfect a room 12 by 12 in a few minutes; 
the solution may be washed out afterwards with water. Tobacco 
and infusions of tobacco will also be found useful, as first demon- 
strated by Castellani and Low when studying the prophylactic 
measures to be taken against Pulex penetrans infections in Africa. 

Personal Prophylaxis. — Ever since the middle of the eighteenth 
century there has been an idea that a vaccine should be obtained 
for the purpose of protecting the individual. Weszpremi and, 
later, Samoilowitz and Cerutti tried artificial inoculation, but the 
results were by no means satisfactory, persons dying from plague 
as the result of the inoculation. Recently a number of vaccines 
have been prepared for the purpose of personal prophylaxis, which 
may be classified into: (i) Vaccines composed solely of the chemical 
products of the bacilli; (2) vaccines composed of chemical products 
and dead bacilli; (3) vaccines composed of living attenuated bacilli; 
(4) polivaccines. 

Chemical Vaccines. — In 1897 Lustig and Galeotti prepared a 
plague vaccine, composed of the nucleo-proteids of the bacilli 
obtained by shaking agar cultures with i per cent, caustic potash 
solution, and after two hours adding 0-5 per cent, acetic acid, 
and thus obtaining a precipitate of nucleo-proteids. It is adminis- 
tered by subcutaneous or intramuscular injections in doses of from 
2 to 3 milligrammes. This method has been adopted in La Plata 
with success, and has been experimentally supported by Rowland. 

Vaccines composed of Chemical Products and Dead Bacilli . — ^The 
most important is Haffkine’s plague prophylactic, prepared by 
growing the bacillus for four to six weeks in broth, and then 
sterilizing at 65° to 70® C. for one hour, and then decanting into 
bottles, with or without the addition of a little carbolic acid. The 
dose for an adult man is 3 c.c., for an adult woman 2 to 2j c.c., and 
children in proportion to tlieir age (or size). The injection is made 
subcutaneously into the arm or loin under strict antiseptic pre- 
cautions. Three or four hours after inoculation the temperature 
rises, and in twelve hours reaches 102° to 103° F., while tenderness 
and swelling may occur at the site of the inoculation, and malaise 
and general discomfort be felt, which disappear in one to two days, 
and the swelling in about a week or so. There is no doubt of the 
benefit of this prophylactic, which gives protection for a considerable 
number of weeks, and perhaps months, as shown by Haffkine and 
Simpson. Haffkine considers that the active principle lies in the 
liquid, but it appears more likely that it is in the dead bacilli. 
Haffkine’s vaccine has been very extensively used in India and other 
countries since several years, and on the whole has given extremely 
good results. 

The German Plague Commission used a growth of the bacilli on 
agar killed by heating to 65° C., and then suspended in normal 
saline, to which 0-5 per cent, carbolic acid was added. 

Terni and Bandi used the sterilized exudate from the peritoneum 
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of guinea-pigs inoculated intraperitoneally with plague bacilli, and 
killed some little time before they would have died naturally. The 
exudate is diluted with a solution of carbolic acid and sodium 
carbonate and chloride, and given in a dose of 1*5 to 2*5 c.c. By 
this method plague aggressins are produced and used. 

Klein has advocated an ‘ organ prophylactic,’ obtained by drying 
and powdering buboes, spleens, lungs, and livers of infected animals. 
The dose for an individual is from 5 to 7 milligrammes, made into 
an emulsion with warm, sterile, distilled water, and injected sub- 
cutaneously, but it has not yet been tried on man as far as we know. 

Vaccines composed of Living AttemiatedBacilli.—':^ixoTvg and Kolle 
have recommended the use of living virulent cultures, and Strong 
has practically shown that this method of vaccination can be 
carried out without danger. This vaccination consists of the intra- 
muscular injection of one whole twenty-four hour agar slant of the 
living virulent culture in the adult, and one-quarter to one-half of 
such a culture in a child. The reaction is not excessive. About 
ten days after the inoculation Strong has observed a marked rise 
in the opsonic index, and that the phenomenon of complement 
fixation is given by the blood serum, thus proving the presence of 
specific antibodies. 

Simpson, Strong, and Kitasato are of the opinion that Governments 
should unite to deal with plague by attacking it in the endemic 
centres by general vaccination cf the population. 

Polyvaccines. — During the contemporaneous epidemics of plague 
and cholera in Ceylon, in 1914, Castellani used with satisfactory 
results a mixed bivaccine plague -h cholera, using the local strain of 
B. pestis. He also prepared and used a pentavaccine plague + 
cholera-f- typhoid +para A +para B, and an hexavaccine containing 
in addition Malta fever. 

The double vaccine plague-cholera consisted of a carbolized 
emulsion oiB. pestis and F. cholem, containing per c.c. 1,000 million 
plague and 2,000 million cholera organisms. One c.c. was given by 
subcutaneous injection the first time, and 2 c.c. a week later. The 
pentavaccine consisted of a carbolized saline emulsions of B. pestis, 
B. typhosus, B, puratyphosus A, B. paratyphosus B , F. cholerce con- 
taining per c.c. 500 million plague, 2,000 million cholera, 500 million 
typhoid, 250 million para A, and 250 million para B ; c.c. was given 
the first time and double the dose a week later. The reaction was 
severe, but not more than after Haffkine’s monovaccine. The inocu- 
lated persons developed immune bodies for the five diseases. The 
penta- and hexavaccines have recently been further investigated by 
Castellani and Taylor, of Tropical Medicine, November i, 1917* 

Masks. — ^These used to be worn in the Middle Ages as a prophy- 
lactic measure, the use of which has been demonstrated by Strong and 
Teague, and by Barber and Teague, in epidemics of plague pneu- 
monia. The best mask is a hood of heavy Canton flannel-cloth 
covering the entire head and tied round the neck, and provided with 
a window in front composed of sheet celloidin. 
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CHAPTER LV 

UNDULANT FEVER 


Synonyms — ■ Dcrinitio.n — History — Climatology — Aetiology — Hatliology — 
Symptomatology — Diagnosis — Prognosis — Treatment — Prophylaxis — 
Para-undulant fever — References. 

Synonyms. — Mediterranean fever, Malta fever, Melitcnsis scptica3mia, 
Melitococcaemia, Bruce’s septicaemia, Goat fever. Mountain fc vcr. Slow lever 
(Texas), Gibraltar fever, Neapolitan fever, Cyprus fever, Munhinyo (Uganda). 
Latin : Febris Undulans, Febris Siidoralis, Septicx'mia Mclitensis. French : 
Mcliloccie, Fievre Caprine, Fievre Capriense. Italian : I'cbbre Mediterranca, 
Febbre Maltese. German : Malta Ficber. 

Definition. — Undulant fever is a chronic, rarely an acute, febrile 
disorder, with many imdulatory relapses, caused by Micrococcus 
mclitensis Bruce, 1893, and probably other closely allied germs, and 
usually spread by the agency of goat's milk. 

Remarks, — It seems certain that, like enteric, the t(Tin ' undulant 
fever ' may cover in reality a group of infections due to very 
closely allied germs. Negro and Raynaud have described a Micro- 
coccus parantclitensis, and previously to them Scrgeiit and Zammit a 
M. pseudomclitcnsis. These germs liave been proved to differ 
biologically from the common type of M. mclitensis l)y means of 
agglutination and absorption tests. 

History.- -Undulant fever has probably existed in the neighbour- 
hood of the Mediterranean for centuries, and passagt^s are cited 
from Hippocrates recounting cases of long-drawn-out fevers, witli 
short apyrexial intervals lasting as long as 120 days, which may 
perhaps refer to the disease. 

In the cightccntli and the early part of the nineteenth centuries 
references were made to protracted fevers occurring in Malta by 
various observers — c.g., Howard in 1786, Hennen in 1816-25, 
Davy in 1842-62 — but it is difficult to be certain what disease is 
referred to. During the Crimean ^A^ar there appears to have been 
a very large temporary increase of the fever incidence in Malta, 
much of wliich was undoubtedly enteric, but some of it was not. 
The change in tlie type of fever appears to have becai so marked 
that some people thought that a new disease had been imported 
from the Crimea by the returning troops. 

In 1859 Marston, who personally suffered from the fever, first 
gave an accurate account of its clinical history and post-mortem 
appearances under the term ' Mediterranean remittent ' or ' gastric 
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remittent fever/ distinguishing it clearly from enteric and what he 
called ‘ Maltese fever.’ . 

From this date there seems to have been much confusion, for it 
was often diagnosed as some form of rheumatism, but the disease 
appears to have been clearly recognized by Boileau, Chartres, 
Thomas, and others. In 1879 Veale gave an account of it as 
seen in invalids at Net ley, as did Fazio in Naples, who not merely 
described the disease, but suggested that it might be found to be 
of bacterial origin. 

In 1886 it was proved to be a separate pathological entity by 
Bruce, who discovered a micrococcus in the spleen. In 1887 he 
found the organism several times, and was able to cultivate it on 
agar-agar, and to reproduce the disease by inoculation in monkeys, 
from which he again obtained the organism in pure culture. In 
1889 he published the first full account of the clinical symptoms. 



Fig. 671. — Distribution of Undulant Fever. 
(Alter Bassctt-Smitli.) 


and in 1891 he grew tlie micrococcus from blood aspirated from the 
spleen during life. Thus, Bruce proved that this organism, which 
he called Micrococcus mclitensis, was the true cause of the fever. 

In 1897 Wright and Semple showed that the disease could be 
diagnosed by the agglutination of the micro-organism by the serum 
of patients, and in the same year Hughes published a full historical 
and clinical account. 

In 1904 a Commission was a]>})ointed by the Admiralty, the War 
Office, and the Civil Government of Malta to investigate the disease. 
This Commission (J. C. Kennedy, Zammit, Horrocks) demon- 
strated that the micrococcus leaves the body mainly in the urine, 
’and is then capable of existing for a long period outside the body. 
Zammit discovered that the milk of many goats agglutinated 
M. melUensis, and Horrocks isolated the germ from such goats. 
It does not appear to affect injuriously such animals living in the 
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blood-stream, and also occurring in the milk, by means of which the 
disease is conveyed to man. 

Eyre has made the suggestion that undulant fever was primarily 
a disease of the goat, which had its origin in the Persian hills, and 
has been carried by these animals all over the world. 

Prophylaxis on the lines indicated by the aetiology has resulted 
in the reduction of the disease in British troops in Malta from 
643 cases in 1905 to 7 cases in 1907, and i case in 1910. In igo6 
Lamb and Pai proved that the organism existed in India in men, 
while Foster did the same for goats. 

In 1912 Bassett-Smith drew attention to the fact that, though 
the disease has been reduced by prophylactic measures in some 
places, it had spread to (or been diagnosed in) vSpain, Portugal, and 
France. In the same year Ncgre and Raynaud described M. para- 
mditensis, and their findings have been confirmed by Bassett-Smith, 
who has fully described a case of para-undulant fever contracted in 
the South of France. 

Climatology. — ^The endemic areas of the disease are, undoubtedly, 
firstly, the coasts and islands of the Mediterranean, Italy, France, 
Greece, Spain, Northern Africa, the Levant, etc.; and, secondly, 
India, especially the Punjab, where the causative organism has been 
obtained in human beings and goats. We lieive met with cases in 
Ceylon. Recently it has been reported from many other parts of 
the world — ^in fact, it may be said to be cosmopolitan, and to extend 
into the interior of the continents. A case contracted in Northern 
Nigeria has been reported by Low. 

It is certainly a disease of tropical, subtropical, and temperate 
climates, and exists, in addition to the localities mentioned, in 
Russia, East and South Africa, Uganda, where it is called ’ mun- 
hinyo,' the Sudan, Mauretania, China, the Philippine and Fiji 
Islands, North and South America, and the West Indies. It occurs 
all through the year, but is more common in the warm weather in 
Malta. 

vEtiology. — ^'fhe cause, as has been indicated in the history, is 
M. melitensis, and some extremely closely allied bacteria, M, para- 
melitensis Negre and Raynaud, 1912, and M, pseudomelitensis 
Sergent and Zammit, 1908, which can be differentiated by aggluti- 
nation and absorption tests. M. meliiensis is found in the spleen, 
liver, kidney, lymphatic and salivary glands, the blood, bile, faeces 
(rarely), and probably in the alimentary canal (as Eyre’s researches 
on rabbits indicate), the urine, and the milk. It does not occur 
in the expired air, the sweat, the saliva, or in scrapings from 
the skin. I 

It can be inoculated, and it may be found in the stomach of 
mosquitoes which have fed upon patients, but neither they nor any 
other biting fly, such as a Stomoxys, or a flea, have been proved 
capable of spreading the disease. It is, however, very resistant, 
and can live for eighty days in dust, or in water, fresh or salt, for a 
month, but has never yet been found naturally in air, dust, soil, or 
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water, neither have any of these in a natural way been proved 
capable of spreading the disease. It is, however, true that dust, 
infected with damp organisms from a culture, has infected monkeys, 
as have suspensions of the organism when applied to mucosce of the 
nose or throat. It appears, however, to be best conveyed to 
animals in food, especially milk. 

The organism has also been found by the serum reaction to be 
present in 50 per cent, of the goats examined in Malta, and has also 
been obtained from the milk of 10 per cent, of the goats investi- 
gated, and, when looked for, it has been found in the blood of goats 
and other animals. The milk of such animals contains agglutinins 
for the germ (Zammit’s lacto-reaction). Notwithstanding this 
infection, the animals are quite healthy, though a chronic mastitis, 
as observed by Neri, may occasionally be noted. It appears to be 
conveyed to man by infected milk, the best evidence in favour of 
which is the infection of a ship's crew by the milk of goats, which 
were being conveyed from Malta to America, 53 per cent, of which 
were found to be infected. 

The distribution of the disease, therefore, depends upon the con- 
sumption of infected goat’s milk, for people who use this milk will 
be more liable to infection than others — hence its occurrence in 
Malta and the Mediterranean districts, in vSouth Africa and India. 

1 his is also the reason why the richer classes are more affected than 
the poorer, and why individual institutions are picked out. It also 
explains why ther(‘ is no age or sex incidence', why infants lart'ly 
suffer, and why occupation and surroundings have but little in- 
fluence. 

How tile disease spreads from goat to goat is not known. Brumpt 
states that they drink human and animal urine if deprived of salt, 
and in this way the infection may be kept up. The percentage 
of infected goats has been found to be 3-4 per cent, in Algeria, 

29 per cent, in St. Marthal, 307 per cent, in Tunis, 34-2 per cent! 
in Marseilles, and 50 per cent, in Malta. 

Mules, asses, horses, oxen, cows, dogs, rabliits, and fowls, are all 
apparently callable of spreading the infection, while often they do 
not show any sign of disease. 

The question of the human carrier is only just coming forward 
with any degree of prominence as a factor to be considered in the 
spread of the disease, but Shaw has drawn attention to this possi- 
bility in Malta, where many of the dock labourers showed agglu- 
tinins in their blood for M. meliiensis, and Missiroli has obtained the 
micrococcus from the blood of an apparently healthy man who 
subsequently develojied the fever typically in fifteen days. 

The carriers and ambulant human cases may pass the Micrococcus 
fnditensis in the urine, infecting the soil, and in this way may convey 
indirectly the malady to other persons. 

Four modes of infection are described: (i) By the alimentary 
canal, which is the usual method; (2) by the respiratory system, 
inhaling dust contaminated by goat’s urine, which is rare; (3) by 
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the cutaneous system, which is very rare; (4) by sexual intercourse, 
which IS possible. 

A variety of M. melitensis, called M. paramelitensis, is described 
by Negre and Raynaud as the cause of a variety of fever termed 
‘ para-undulant fever ’ (see p. 1447). 

Pathology. ^The micrococcus enters the blood-stream via the 
mucosae of the alimentary canal, and causes a genuine septicaemia, 
with enlargement and congestion of the spleen as the most marked 
feature; so that the disease somewhat resembles typhoid fever in 
many of its characters, without, however, producing such typical 
intestinal lesions as that disease. According to some authors 
(Ross, etc.), the germ can be conveyed by mosquitoes, but this has 
not been proved. For clinical and experimental reasons Bruce 
believes that one attack produces an immunity, but Manson and 
Bassett-Smith doubt this. The organism produces haemolysins, 
while the reaction on the part of the body is shown by the formation 
of agglutinins, which may last from four to ten years, and a specific 
serum, which may be useful for immunization. There is also an 
immune body in the blood suitable for complement deviation, and 
this corresponds generally with the quantity of the agglutinins. 

Morbid Anatomy. — ^The morbid anatomy shows an enlarged and 
congested spleen, some congestion of the liver, kidney, and mesen- 
teric glands, duodenum, jejunum, large intestine, and lungs. The 
spleen is usually much enlarged, weighing from 10 to 44 ounces. 
It is dark red in colour, and may be soft and friable, and is very 
congested, with enlarged Malpighian bodies. The liver is con- 
gested and enlarged, and shows cloudy swelling, with a roUnd- 
celled infiltration between the lobules. The kidney is congested, 
and may show a glomerular nephritis. The alimentary canal may 
not merely be congested, but the colon may also be ulcerated, 
particularly in cases of haemorrhage. The lungs are congested, 
especially at the bases, and may show patches of consolidation. 

Symptomatology — Incubation . — Monkeys fed with infected milk 
require aii incubation of fifteen days, while in human beings the 
period, according to Johnstone, is fourteen days. The prodromata 
are usually malaise, chilliness, headache, muscular pains, and 
dyspepsia. 

Onset . — The onset comes on gradually, and the patient con- 
tinues his work though feeling ill, while the temperature rises 
in a ladder, being higher each evening, and remitting somewhat 
in the morning. About the fourth or fifth day of the illness 
a doctor is consulted for the headache, and pains in the body 
and limbs, which may have been thought to be rheumatic. The 
patient looks ill, and his temperature is found to be about 103'' F., 
his pulse 80 to 90, and his tongue coated dorsally with a white fur, 
while the edges are red, and may be indented by the teeth. There 
is usually a slight sore throat and a tender epigastrium, with some 
bronchial catarrh or congestion of the lungs, and enlargement and 
tenderness of the spleen, which develop in the course of a week or so. 

91 
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Co«rse.-Allthesc symptoms continue for about 
the temperature remaining high 103 to 105 P ■ become 

of this period the fever declines, and the temperatui e niay become 
normal,^ while the patient feels much better. In a day or ^ 
however a relapse occurs with much the same symptoms as t e 
attack. This relapse subsides, and another follows, relapses an 

intermissions recurring for months. n'en 

The temperature now becomes undulating, with a markea rise 
at night and fall in the morning, while the patient becomes more 
and more ansemic, weak, and wasted. Ihe alimentary cana is 
irritated, as is sliown by the dyspepsia and the constipation or 
diarrhoea. The throat may be sore, the gums spongy, and bleecl 
on pressure; the splt^eii is often enlarged and painful, and tie 



Fig. O72. — Temperature Chart of Undulant Fever. 

lungs may show signs of bronchitis, and occasionally lobular 
pneumonia, wliile the heart is easily excited, and Inemic murmurs 
are heard. 'Vhe ])aticnt shows signs of prostration and head- 
ache, and pains all over the body are felt. Insomnia and hysterical 
emotions are not uncommon, but actual delirium is not usual, and 
the memory may be impaired, while neuritis — e.g., sciatica — meiy 
occur. The skin is pale but damp, due to local or general pf'rspira- 
tion, which is very common, and occurs with each remission of the 
temperature, the sweat being of a peculiar disagreeable odour. 
Sudamina is not uncommon after the third week. Desquamation 
may occur, as well as prickly heat, boils, bedsores, subcutaneous 
abscesses, or haemorrhages. 

The joints may become swollen and very painful, but the skin over 
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them is seldom reddened. Of all the joints the hip, shoulder, ankle, 
and knee appear most commonly affected. Inflammation or 
neuralgia of the testes may occur, and at times the parotid also 
becomes inflamed. 

The blood lias been more particularly studied by Bassett-Smith 
and Gabbi, who find a secondary anaemia with a loss of 20 to 40 per 
cent, of the corpuscles, with some poikilocytosis and an even 
greater reduction of the haemoglobin. The leucocytic count is 
normal, but there is a decrease in the polymorphonuclears, and an 
increase in the mononuclears up to as much as 80 per cent, in some 
cases. Phagocytosis is said to be diminished, as is also the bac- 
tericidal power of the blood. 

The urine is passed in fair quantity, and has a slightly acid 
reaction, with a deposit of urates and phosphates, but there is very 
seldom any albumen, though bile may be present in severe cases, and 
the specific germ can be found in the urine even two years after an 
attack. Albuminuria and nephritis may occur, and very rarely 

haematuria. , v 4. j 

The patient is now anaemic, and prostrated by the repeated 
attacks of fever, when gradually the symptoms begin to improve, 
the intermissions lengthen, the attacks lessen in length and severity, 
the temperature becomes normal or subnormal in the morning, 
rising a little at night. Gradually the evening rise diminishes until 
it stops, the tongue clears, the symptoms abate, and convalescence 
begins after an illness of from 20 to 300 days, with an average of 

go days. . 1 . • 

Varieties. — ^^fwo varieties distinct from the typical description 
given above are recognized by Hughes — ^viz., a malignant and an 
intermittent— to which a third or ambulatory variety may be added. 

The Malignant Suddenly, without warning, the patient 

is attacked with high fever, the temperature rising to 104^ or 
105° F., with severe pains all over the body, flushed face, and all 
the other symptoms already mentioned, but in an aggravated form, 
and often associated with basal pneumonia, and diarrhoea with 
offensive stools. 

After a little the symptoms abate somewhat, but instead ot 
improving, the pulse becomes intermittent, the breathing is laboured, 
and vomiting becomes serious, and the patient gradually passes into 
the typhoid state, when hyperpyrexia sets in, and death takes place 
from the fifth to the twenty-first day of the illness. 

The Intermittent V ariety onset in this variety is very 
gradual. When the attack is fully developed, the temperature is 
about normal in the morning, but rises in the afternoon to 99° or 
much higher, up to 105° F., this rise being accompanied by malaise, 
irritability, and chilliness. During the night sweating occurs, and 
the temperature falls to nearly normal. This fever continues usually 
for about six weeks, but maybe prolonged for about six months, and 
is usually unassociated with any serious symptoms— in fact, so 
mild may the attack be that it is not discovered until the patient s 
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general health begins to be unsatisfactory, and he seeks medical 
mJvicc, 

The Ambulatory Apparently at times the organism may 

produce such little effect that the infected- person may be unaware 
that he is suffering from any complaint, and may pursue his daily 
vocation. Thus, out of 525 dock-hands examined by Shaw at Malta 
for the serum reaction, 79 gave positive results; and of 22 tested, 
9 contained the organism either in the blood or urine, or both. 

Complications. — Ulcers may, though rarely, occur in the small and 
large intestine, and give rise to haemorrhage, while persistent vomit- 
ing, diarrhoea, hyperpyrexia, pneumonia, pleuritis, effusion, and 
cardiac failure all form serious complications. Orchitis is common. 
As shown by Trotta, the micrococcus may occasionally acquire a 
pyogenic action, and cases of supjmrative localized periostitis have 
been recorded similar to those seen in enteric infections. 

Sequelae. — Paralysis, neuritis, common in Cairo, wasting of 
muscles, loss of memory, tremulousness, and neurasthenia are 
possible sequelcE. 

Diagnosis. — ^The principal clinical signs on which to base a 
diagnosis are the prolonged undulant character of the fever, the 
profuse sweatings, and the articular symptoms. 

Bacteriological methods of diagnosis should be always resorted 
to whenever possible. The agglutination reaction, if the blood is 
sufficiently diluted (at least i in 80), the test properly performed 
and carried out, using a known and reliable strain of the germ, is, in 
our experience, sufficiently certain. The agglutination test must 
be performed in a dilution of at least i in 80, otherwise errors 
in diagnosis will result. Bassett-Smith recommends a high dilution 
(i in 1,000), but in our experience i in 80 is generally sufficient, 
with a time-limit of thirty minutes. This reaction is said to last 
for a very long time — t.e., two to seven years. Birt and Lamb 
have made this serum reaction the basis of prognosis, which is 
considered to be unfavourable if continuously low, or rapidly alter- 
ing from a high to a low figure. Agglutinins are present also in the 
saliva (saliva-reaction of IVilacci and others). Whenever possible 
the agglutination test should be carried out in various dilutions, 
to avoid results caused by a paradoxical reaction — viz., the possi- 
bility of the serum agglutinating in high dilutions and not in low or 
medium dilutions. In any doubtful case the blood should be inves- 
tigated for the presence of M. melitensis, using nutrose media or 
Castellani’s dilution method, as in enteric infections (see p. 1390). 
In case of a negative result, the examination should be repeated 
at least three times at different periods of the disease. 

Nicolle and Conor consider that many of the errors are due, firstly, to 
leaving the serum in contact with the clot, and state that either the blood 
should be used at once or the serum separated from the clot; and, secondly, 
in order to prevent obtaining positive reactions with non-undulant fever 
serum, that sera, to be tested, should be heated to 56® C. for half an hour in 
order to destroy the non-specific agglutinins, as first recommended by Ndgre 
and Raynaud. 
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Saisawa and later Missiroli and others have applied to Malta fever the 
Bordet-Gengou complement-deviation reaction, but the technique is rather 
complicated for routine work. 

The presence of a high opsonic index for M . melitensis may help the diag- 
nosis. A precipitin test has been worked out by Vigano. 

The diseases from which Malta fever must be distinguished are 
typhoid, recognized by a positive Widal reaction; malaria, recog- 
nized by the presence of the blood parasites; and kala-azar, by its 
parasite in the spleen juice. 

Prognosis.— The prognosis in the usual form and the mild type is 
good quoad vitam, the dangers being syncope and complications. 
The sudden malignant type is rare, but very fatal. The mortality 
is placed as low ^s 2 per cent, by Bruce, but others have reckoned 
it as high as 13 -per cent, for the army in Malta, and 9 per cent, for 
the civilian population. 

Treatment.— The treatment is symptomatic, as no c'^rug is known 
which will kill the parasite, and vaccine and serum treatments 
have not been very successful. The principal symptoms which 
require treatment are fever, pain, gastric and intestinal disturbances, 
congestion of the mouth and throat, nervous symptoms, and haemor- 
rhages. Attention must be paid to the skin, lungs, and heart. 

The patient also requires the utmost care as regards nursing, 
and in the acute stages the bed-pan should be used. Chills must 
be avoided by the use of warm clothing, and the room should be 
rendered gnat-proof to keep off flies. Care must be taken that the 
bladder is emptied regularly. 

The fever is best treated by tepid sponging when moderate, and 
cold sponging and ice-packs when severe. As regards pains, 
headache is treated by bromides, with or without morphia, or small 
doses of phenazone or phcnacetin with caffeine may be used; pains 
in the joints by hot fomentations with belladonna or opium; general 
pains by a hypodermic injection of morphia. Scott’s dressing may 
be applied to a swollen and painful joint, and pain in the soles of the 
feet may be treated by cold-water applications. Vomiting is to 
be treated as described under Malaria. Constipation is met by a 
dose of calomel and a saline, and the bowels kept open by compound 
liquorice powder or enemata. Diarrhoea is controlled by some 
ordinary astringent mixture, or bismuth, or tannalbin powders in 
some form, while Dover’s powder is very useful, as it also relieves 
pain. 

If the colon is affected, the treatment may be on the same lines 
as for a mild attack of dysentery, boracic enemata being used. 
Small doses of calomel — J- grain — ^three or four times a day as 
an intestinal disinfectant, are useful. The dyspepsia may require 
treatment on the ordinary lines. A mouth-wash of glycothymoline 
or glycerine, borax, and m3n'rh, or listerine, should be used, and the 
throat cleaned by an alkaline spray, and then astringed by a gargle. 
The nervous symptoms are soothed by cool sponging, or by the 
bromide and morphia ment ioned above. Insomnia is a common and 
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distressing symptom, and tn’onal and other hypnotics, and occa- 
sionally opium preparations, may have to be adininistered. Haemor- 
rhages must be controlled by rest, applications of ice, caieful 
regulation of food, and administration of adrenalin and calcium 
chloride. The skin must be carefully watched, and prickly heat, 
boils, or threatening bedsores promptly treated, and special care 
must be taken that after sweating, which often occurs at night, the 
clothes are changed. The lungs should be watched for signs of 
congestion and pneumonia or pleurisy, which must receive the usual 
treatment. The heart must be carefully studied, and digitalis, 
strychnine, iron, or some other cardiac tonic administered as 
required. 

Low diet is necessary during the attack; but if milk is used, care 
must be taken that it is not goat’s milk, or derived from an infected 
source, otherv/ise, while treating the patient, a process of reinfection 
may also be carried out. During the intermission the patient 
should be given light nutritious food, care being taken to see that 
it is really digested. 

Stimulants, in the form of champagne or brandy, are often 
necessary in severe cases, because of the cardiac and general 
depression. 

De Brum claims to have had good results in the treatment of Malta fever 
by giving massive doses of quinine (i drachm daily). Gabbi uses thymol 
enemata 

Scordo recommends intravenous injections of perchloride of mercury, wliile 
Bassett-Smitii and others suggest preparations of yeasts (2 drachms twice 
daily), with the object of increasing the polymorphonuclear leucocytes, and 
so of facilitating the destruction of the infecting organisms and also of reducing 
the tendency to neuritis, which is a common feature of certain types of the 
diseases, and especially of those seen in Egypt. Summa and others have used 
intravenous injections of protargol, and Marshall has obtained satisfactory 
results in animals with salvarsan. 

Treatmeni by Serums and Vaccines . — Serums have been prepared and used 
by various authors, but the results have l>cen disappointing. Vaccines at 
times give better results, especially in protracted cases with low fever, and 
Bassett-Smith has recommended that autogenous vaccines in doses of 100- 
500 millions should be given According to some workers, these vaccines give 
better results when aclministered intravenously in doses of 25-80 millions. 
Various types ol sensitized vaccines have been used and have given, at times, 
fairly satisfactory results. 

Prophylaxis. — The prophylaxis appeeirs to be simple and to consist 
in the avoidance of goat’s milk. The Gibraltar authorities have 
completely stamped out Malta fever by prohibiting the importation 
of goats from Malta, which, together with the diminution of the 
disease in Malta, clearly demonstrates the great practical value of 
the work performed by the late Commission. The average number 
of cases in the British troops stationed at Malta before 1906 used 
to be 240 per annum; since 1906 condensed milk only is supplied, 
and the number of cases has steadily decreased, until in 1910 one 
case only was recorded. It should be kept in mind, however, that 
the source of infection is not limited only to the ingestion of con- 
taminated milk, and importance should be given also to direct 
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infection caused by human carriers and ambulant cases, and disin- 
fection of excreta, eic., should be carefully carried out. 

Vaccination. — -Ihe iis(i of a preventive vaccine prepared with M. melitensis 
has not )/ct become^ general. It should contain both M, melitensis and 
M. paramelitensis. For a number of years Gaslellani has prepared and used 
poly vaccines containing M. melitensis- - e .g . , a double vaccine, Malta fever and 
typhoid ; a quadruple vaccine, Malta fever, typhoid, para A and B ; a. quintuple 
vaccine, Malta fever, typhoid, para A and B, and cholera; a sextuple vaccine, 
Malta fever, typhoid, para A and B, cholera, and plague. Recently Lurie and 
others have used the c[iiadniple and quintuple vaccines with good resiilts. 
The former contains in i cubic centimetre. M. melitensis pooo millions (or 
M- melitensis 2,000 millions, and M .paramelitensis 2,000 miiWons) , B . typhosus 
500 millions, B. paratyphosus A 250 millions. B . paratyphosus B 250 millions; 
but care should be taken, in preparing this vaccine, to select strains of 
M. melitensis rich iii aaitigen. The dose is ^ cubic centimetre for the first and 
I cubic centimetre for the second injection, wliich is given one week later. 

A general vaccination of goats has been suggested by Vincent and other 
authorities. 

The prophylactic measures may be summarized as follows:-- 

A. General Measures. 

(1) Notification. 

(2) Isolation. 

(3) Disinfection. 

(q) Sterilization of milk and water. 

(5) Good hygiene. 

B. Personal Measures. 

(1) Personal cleanliness. 

(2) Prevention of infection from mother to child. 

(3) Vaccination. 

C. Veterinary Measures. 

(1) Investigation of goats by serum and Zammit’s lacto-reaction. 

(2) Slaughter of infected goats. 

(3) General immunization of the goats by vaccines. 

(^) PrevenPon of importation of infected animals. 

(5) Inspection of stable.-^, etc. 

PARA-UNDULANT FEVER. 

Definition. — Para-undulant fever is clinically similar to or iden- 
tical with undulant fever, l)ut is caused by organisms which differ 
biologically from tlie typical Micrococcus melitensis. 

Historical.- -In i()i2 Negrc and Raynaud described an organism 
which they called M icrococcus parctmehtensis, but previously Sergent 
and Zammit had found a M. pse'udomelitensis, l.ater Bassett-Smith 
fully confirmed these findings, and described a case of para-undulant 
fever contracted in the Soiitli of France. M. paramelitensis has been 
found in man and goat s. 

Geography. — Cases have been described from Africa and Europe. 

^Etiology. — ^"fhe germs mentioned above are the causal agent of the 
disease, and differ from M. melitensis both in agglutinative and 
absorptive tests. 

Symptomatology. — From the cases so far reported it is not possible 
to distinguish clinically between the typical undulant fever and its 
para variety. 

Diagnosis. — ^^fhis is based upon serological tests. 

Prognosis and Treatment. — As for undulant fever. 
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CHAPTER LVI 

HEAT STROKE AND HEAT SYNCOPE 


Diseases due to physical causes — Heat stroke — Heat syncope — Heat low 
fe ver- - References . 


DISEASES DUE TO PHYSICAL CAUSES, 

In Chapters VTI. (p. I 37 )> VIII. (p. 142), and IX. (p. 147) of this 
book we liave discussed the physical causes of disease as we under- 
stand them. Chapter IX. deals with traumatism, and includes such 
clinical facts as wethought necessary in a work on tropical medicine; 
it therefore does not require amplification in the clinical portion 
of this work. The same, remarks apply to the symptoms produced 
by increased or diminished atmospheric pressure, and by electricity. 

'Excluding these physical causes of disease, we are left with the 
pathological effects of high atmospheric temperatures in association 
with high relative humidity and with those due to the rays of the 
sun, both of which conditions may, in our opinion, cause the same 
clinical ])henomena which we term heat stroke and heat syncope, 
and we base our opinion upon the simple experiments which we 
havc^ given at the commencement of Chapter VH. (p. 137) and under 
the section Radiation in Chapter VIII. (p. 144). 

In these chajiters we did not discuss the illnesses produced in man 
by these causes, because it appeared to us that the clinical portion 
of the book was the more suitable place for this purpose, and there- 
fore the present chapter is devoted to their consideration. 


HEAT STROKE. 

Synonyms. — Sunstroke, sun-traumatism, insolation, siriasis (not 
Sambon’s siriasis) , thermic fever. French, ‘ coup de chaleur,’ ‘ coup 
dc soleil ’ ; Italian, ‘ colpo di sole,’ ' colpo di calore ’ ; German, ‘ Hitz- 
schlag,' ‘ Sonnenstich.’ 

Definition. — Heat stroke is caused by a high air temperature, 
especially when associated with marked humidity, and is charac- 
terized by high fever and often extreme pulmonary congestion, 
convulsions, coma, and death. 

Remarks. — Heat stroke is the form of sunstroke and thermic 
fever which we have commonly met with in our experience in the 
tropics. 
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HEAT STROKE AND HEAT SYNCOPE 


History, — In the section entitled High Atmospheric 1 emperatures 
contained in Chapter VII. we have set forth the views of a number 
of authors with regard to heat stroke, sunstroke, and heat syncope 
from early times down to 1908, and it seems to us to be inexpedient 
to repeat that which we have already written. We will, therefore, 
merely continue that history in the following paragra])hs. In 
1912 and 1913 Hiller made a number of investigations on this subject 
in the German Army, and Fiske in that of the United Stale's, while 
Segale published remarks upon thermo-calorimetry. 

In 1913 and 1914 Pembrey, and separately Simpson and Woolk'y, 
wrote an important series of papers dealing with heat strokes. 

It is to be noted that, like ourselves, Simpson and Ogilvie hold 
that there is no difference between heat stroke and sunstroke from 
a clinical point of view, while Rogers, and later Bram, consider 
that there is a difference. 

Thus Rogers says that the syncopal form is due to the sun and the 
hyperpyrexial to the heat, whereas Brain maintains infer alia that 
sunstroke is associated with a very high temperature and heat stroke 
with either a normal temperature or a low fever running from 
100° to 102° F. 

Simpson’s experiments, as well as our own ek'seribed in Chap- 
ter VII. (p. 137), show that Haldane’s researches detailed in 
Chapter III. (p. 62) apply to tropical climates. 

In 1915 Puntoni, in studying sunstroke, made a number of 
experiments, by means of a photographic camera, with regard to 
the penetrating powers of various kinds of rays, in which the place 
ot the camera was taken by a piece of the cranium obtained from a 
post-mortem and containing blood. He concluded that the human 
cranium was diathermal for violet ultra-violet rays, which he con- 
sidered to be the causal agents of sunstroke, and to avoid which he 
advised the use of clothing composed of white externally and green 
internally, and also of green glasses for the c'ves. With reference to 
this, we may perhaps draw attention to Sir William Crookes’ non- 
actinic glasses, with which W(! have performed some few (^xperiments 
in the vSudan, and which, tested therc'in, are capable of protecting 
ph ot ogr aph i c plat es. 

In 1916 Koizumi, as the result of experiments upon animals, 
b lieved that during severe manual labour in high atmospheric 
temperatures the products of metabolism arc produci d in such 
abnormal amount that they cannot be removed, properly and effi- 
ciently, from the blood, and so act as ceiusal agents in the proeluction 
of heat stroke. This may perhaps help to explain the importance 
of diet in the prevention of heat st roke. 

In 1917 Gauss and Meyer gave an excellent clinical account of an 
outbreak of heat stroke in Chicago, and Amar investigated the effects 
of muscular exertion in liigh atmospluTic temperature's and drew 
attention to the use of deep breathing in these conditions. 

In 1918 McKenzie and Le Count concluded that the chief cause 
of heat stroke was the inability of hot air in the vicinity of the body 
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to receive moisture therefrom, because of its being already suffi- 
ciently laden with moisture. They also held that tight and heavy 
clothing, the ingestion of too little water, were minor causes, but 
they were not sure as to the evil effects of alcohol, and saw no evi- 
dence in favour of any causal (effect due to the actinic rays from the 
sun; but they discuss the j)ossible action of a poison produced by 
heat affecting metabolism. 

In ipicS Sliakles made an important series of experiments upon 
Cercopiihecus monkeys exposed to the sun at Manila. He found that 
though the sun s rays per se were not harmful, still nnacclimatized 
monkeys invariably die of heat stroke after an exposure for some 
time. This helps to prove that the clinical effects of heat stroke 
can be produced by exposure to the sun as well as by heat in the 
shade. 

He noted that anything which disturbed heat regulation produced 
fatal results — for example, a small dose of atropine did so by dis- 
turbing tlu loss of heat due to perspiration (vide Chapter III.). 

He also observed that intestinal toxins lower'^d the resistance 
of the experimental monkeys, which is most interesting in view 
of the ])rodromal symptoms sometimes experienced by man and 
ref(Tabl(‘ to the alimentary canal. With reference to man, this 
observer considers that the regulation of diet in great heat is most 
imporlant . He further notes that the effects of the tropical sun are 
exactly the same as that of the Northern United States during 
certain seasons of the ycdv. 

Climatology. — fhe tropics are the principal scat of the complaint. 
Of these India appearsto be the most important, and in it the Punjab, 
Sind, and the North-West Pro\ inces are the worst, as can be judged 
by a reference to tlu'ir climatology. 

In Ceylon sunstroke is said to be much less common than in India. 
Thus, in 1903, according to Sir Joseph Fayrer, in statistics given 
to him by Surg(;on-General Sir A. Keogh, there were 303 cases in 
India among the Furopean troops, with 53 deaths; and in Ceylon ii, 
with 2 deaths, the total for the British Army for that year being 
3S5 cases and 61 deaths. 

In Asia it is well known in the Red Sea, the Persian Gulf, Burma, 
the Straits Settlements, South China, and Cochin China. In Africa 
it is met with in all jiarts of the tropical region. It is common in 
Mauritius, and is also well known in the Ihiited States, Canada, 
Nova Scotia, New Brunswick, and tiie West Indies. In South 
America it is met with in Guiana, Brazil, Peru, and the Argentine. 
In Australia it has also been recognized, and in Europe in summer. 
It is. of course, associated with the warm seasons in all countries, 
and with eit her very high air temperatures in relatively dry climates, 
or with not so high temjieratures if there is much atmospheric 
humidity. 

The disease stands in direct relationship to heat-waves, as has 
been pointed out by Rogers in India and well known in temperate 
climates. Thus, according to Gauss and Meyer, in July, 1916, the 
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monthly mean temperature in Chicago was ? P ’ ^ 
record, and 152 men and 6 women were admitted to t Jie hospitaj for 

heat stroke or heat syncope. , ..rr ^ 'ri 

JEtJoIogy [vide also Chapters VI. and 111.).— The ca nation ot 
the disease is the action of high air temperatures associated with a 
high relative humidity on man, which generally act during the day- 
time, but may also have an effect at night. 

It has already been pointed out that a human being can for a 
short time at all events — stand a very considerable amount of dry, 
but not moist, heat. The heat regulation of the body is disturbed 
and the loss of heat prevented by the humidity; consequently the 
body temperature rises. 

Haldane’s experiments have shown that if the wet bulb thermo- 
meter rises to 88° F. (31'' C.) in still air, or to 93° F. (34*4° 
air moving at the rate of 170 feet (51 metres) per minute, or to 78° F. 
(25*5° C.) v/ith leisurely work, some pathological effects appear 
and the temperature of the body begins to rise. It is of interest to 
note that the temperature of the body, instead of rising to a certain 
height with a given atmospheric temj)eralure and then remaining 
stationary, in Haldane’s experiments went on rising: and in some 
measure this corresponded witli tlie tcanix^ratui i^ of tlu; air. 

Thus, with reference to the rectal temjierature, wliicli is tlie best 
indication of the true bodily temperature, HaldaiU' found tliat with 
a wet bulb at 89° to 90° F. the rise was 1" to i *4° F. (()-5° to 075° C.) 
per hour; at about 94° F. (34*4^’ C.) it was 2° F. (i*i° C.) pea* hour; at 
98° F. (36*4° C.) it was about 4° F. (2-2° C.) per hour. 

If this condition can be induced in liealthy persons at rest in 
England, it does not seem im])ossible or im]U'obal)le that lower tem- 
peratures may act as vigorously or more vigorously u])on Europeans 
in the tropics or elsewhere, especially if living und(‘r conditions of 
poor bodily health and bad sanitation, or if they are improperly clad 
or exhausted mentally or ])hysically. Simpson, in 1914, showed 
that Haldane’s results were applicable to ordinary climatic condi- 
tions in hot countries. 


The fact that new-comers are more apt to suffer than old residents 
has been put on an experimental basis by Rosenthal, \v4io has shown 
that a kind of active immunity to heat can be established by repeated 
exposure of an animal to a temperature lower than that which 
would have been fatal. These animals, when subsequently exposed 
to a very high temperature, do show symptoms, but they are less 
marked; the rise in temperature is not so high, the respirations 
and the pulse not so accelerated, and the general distress less. 

The effect of clothing, load, and work has been calculated by 
Zuntz and Schumburg, who estimate that a resting soldier weighing 
70 kilogrammes produces from 1*2 to 17 calories per minute, and 
when marching, with a load of 31 kilogrammes, produces 773 
calories per minute, which will raise the temperature of the body 
1° C. in 87 minutes. Under ordinary circumstances the soldier 
is not affected, but if he is wearing thick, tight-fitting uniform 
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(especially in the old days of stocks) , with a tight belt and knapsack 
with cross-belts, and is at the same time marching in close formation 
(when the air must certainly be impure from carbon dioxide and 
dust) under a tropical sun, it is obvious that, especially if there is 
a fairly high relative humidity in the atmosphere, he cannot get 
rid of this heat, and there is bound to be either thermic fever or 
heat syncope in a certain number of cases. 

Predisposing Causes. — Heat stroke is, if anything, more common 
among children than adults, but it is very liable to l3e mistaken for 
other diseases. It is more common among men than women, owing 
to the greater exposure of the former. Among men it is principally 
found in stokers and in soldiers during exhausting marches. Among 
soldiers the classical instance often quoted is the account of the 
march of the 43rd Regiment in the Indian Mutiny for over 1,100 
miles, mostly across the plains of India, in the hottest weather. 

The men remained quite well for 969 miles, when they became 
exhausted, and even emaciated; but in the narrow Kowri of the 
Bisramgunge Ghat, when tlie temperature in the tents ranged 
from 115° to 127° F. in the day, and on one occasion was 105^ F. 
at midnight, they suffered severely, and two officers and eleven men 
died in four days, and later on seven more died in three days. 

There is no doubt that exhaustion and unsuitable clothing were 
formerly the great causes of the frequency of attacks of heat stroke 
in the army. In Chicago, in 1916, labourers formed 64*9 per cent, 
of the cases, but the majority of them were also complicated with 
alcoholism. 

Race appears to have a certain amount of effect, for it is more 
common in Europeans than in negroes or East Indians, though 
it is met with in all. In Chicago, in 1916, 79-8 per cent, of the 
cases were in the third, fourth, and fifth decades, so that age may 
also be a predisjiosing cause. Previous illness is a great predisposing 
cause. Hot winds help to induce this condition ; in India the 
hot wind ‘ loo mama ’ is much dreaded by the natives. Of all 
predisposing causes, alcoliol is probably the most important. 

Pathology.- dMarinesco has shown that a temperature of 47^ C. is 
immediately fatal to animals, while a temperature of 45° C. kills in 
one hour, and one of 43' C. after a longer lapse of time, the essential 
pathological change being chromatolysis in the nerve cells; therefore 
high bodily temperature may cause acute serious nerve-cell changes. 

But the effect of higli internal temperature has been further in- 
vestigated by Halliburton and Mott, who have shown that a tem- 
perature of 47^ C. (117'' F.) is the coagulation temperature of neuro- 
globulin; while Hewlett had previously shown that egg-white would 
coagulate at a much lower temperature than usual if this is 
maintained for some time. His experiments were repeated by 
Halliburton and Mott on cat’s brains, and they found that at 
42° C. (108° F".) the neuroglobulin separated out, but not at lower 
temperatures. Cat’s brains kept at 42° to 43° C. for three and a 
half hours showed chromatolysis in the nerve cells. They, there- 
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fore, came to the conclusion that a coagulation necrosis takes place 
in the nerve cells, due to the coagulation of the cell globuhn, and 

that when this occurs the protoplasm is destroyed. 

Our own observations entirely agree with those of Mannesco, 
Mott, and Halliburton. Fig. 673 shows a nerve cell in a condition 
of coagulation necrosis, with disappearance of the Nissl bodies, 
from a case of sunstroke in which no pathogenic micro-organisms 
could be found post-mortem. It appears probable, then, that the 



Fig. 673. — Nervi-: Cells from the Medulla of a Case of Meat Stroke, 
SHOWING Chromatolysis. 


seat of the lesion of thermic fever is in tlie cells of ihe cerebro- 
spinal nervous system, and parliculaiiy those of the medulla. 

Koizumi considers acidosis to be the most important jiathological finding in 
thermic fever. He has noted that animals raised on a diet rich in albumin show 
a higher degree of blood alkalinity, and are more resistant to heat-strokts 

Morbid Anatomy. — 'I'lie body retains a high tempera! iiri' for 
some hours after death; rigor mortis comes on quickly, and jias.ses 
off quickly, and decomposition, on account of the high atmospheric 
and body temperatures, sets in. Javidity is well mttrked. The 
blood is dark, fluid, and acid. Thv brain and membranes are con- 
gested, and there may be minute luemorrhages in the white matter, 
and marked increase of fluid under the membranes and in the ven- 
tricles. Microscopically, the minute vessels, especially of the medulla. 
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are very congested, and the nerve cells show coagulative necrosis 
and disappearance of t lie Nissl bodies, together with a swollen and 
chromatolytic condition of the nucleus, though the nucleolus may 
remain apparently intact. 

the cerebro-spinal fluid is clear and colourless, and usually in- 
creased in amount. McKenzie and Le Count have shown a higher 
water content for the brain. 

The organs of the body are in general congested, but especially 
the lungs, which app(‘ar almost black. Some ol)servers have re- 
corded enlarg('ment of the spleen. In our e.x:pericnce there may 
be (iiil'irge.ment of tlie spleim, but it has nothing to do with heat 



stroke. The heart is often in a state of marked rigor mortis, and 
there may be cloudy swelling of the myocardium, as well as in the 
kidneys and liver. Telechial luemorrliages may be found in the 
organs and the skin. 

Symptomatology -Prodromaia .- — Sometimes the symptoms come 
on suddenly, but more frequently there are prodromata. The 
patient often complains of feeling out of sorts and weak, especially 
in the legs, together with headaclie and drowsiness, and sometimes 
of nausea. Longinore lays stress on a frequent desire to micturate as 
a prodromal sign of importance, because, as mentioned by Simpson, 
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perspiration is diminished or stopped, and the bowels are constipated, 
while the urine is copious and limpid. 

Intolerance of light and chromatopsia — ^red, yellow, or green 
spots, wth suffusion of the eyes — ^have been noted, as well as other 
nerve symptoms such as restlessness and insomnia. Sometimes 
these symptoms point to disturbance of the digestive system, in 
that the patients complain of anorexia, polydypsia, nausea, epi- 
gastric distress, or diarrhoea. All these prodromal sympt oms simply 
indicate that the patient is not in a normal condition of health. 
Onset, — The attack begins with a sudden sharp rise of tempeiature 
to io4°-i07°-iio°-ii4'' F., and a pulse-rate in proportion to the fever, 
while the skin becomes dry, burning, and Hushed, with occasionally 
a macular eruption. The patient becomes unconscious, delirious, 
or comatose, usually the latter. The pupils are often very con- 
tracted. The respirations are noisy ancl quick, and rales and 
rhonchi are heard on auscultation. The pulse is rapid, and though 
at first of good volume, soon becomes irregular, intermittent, and 
thready. The urine is scanty, and may contain albumen and casts. 
The motions are passed involuntarily. 

Course and T crmination.- — If the patient is going to die, convulsions 
appear, and the skin becomes cyanosed and clammy ; the respirations 
become slower and slower, and more and more stertorous ; the pulse 
weaker and weaker, until the patient dies of asphyxia after an illness 
varying from a few hours to a day or so. If recovery is to take 
place, the temperature often falls rapidly by crisis, the respirations 
become quieter, the pulse slows, there is a critical discharge of 
urine, and the patient falls asleep, to awaken much better. 

Secondary Fever.- — In some cases the course of the fever is much 
longer (see Fig. 674), lasting eight to ten days. Possibly this is due 
to secondary infection with intestinal bacteria, and blood cultures 
should be made. 

Convalescence. — The patient remains very susceptible to high 
atmospheric temperatures for along time after recovery. There may 
be persistent headache, photophobia and giddiness, and definite 
cerebral and cerebellar syndromes have been noted as sequelae. 

Diagnosis. — ^The cardinal signs of heat stroke are the association 
of a high bodily temperature, and often coma, with a high atmo- 
spheric temperature and a high relative humidity. The differential 
diagnosis is most important, and has to be made from malaria, 
epidemic cerebro-spinal meningitis, alcoholism, opium poisoning, 
renal coma, apoplexy, and epilepsy. Heat stroke must be diag- 
nosed from pernicious malaria by the absence of parasites in the 
blood; from cerebro-spinal fever by the absence of Kernig's sign, and 
absence of contracture of the muscles of the neck. The high 
temperature should enable it to be differentiated from alcoholic or 
renal comay as well as from apoplexy and epilepsy (in both of which 
the temperature may be slightly raised) and opium poisoning. 

Prognosis. — ^The death-rate varies, as a rule, between 15 per cent, 
and 25 per cent., but it may be as high as 51 per cent, at times. The 
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prognosis is, therefore, always serious, and becomes worse if cyanosis 
or convulsions appear. In the Chicago outbreak 68 out of 158 died, 
and 5^ of these never recovered consciousness. 

It is too early at present to say how far lumbar puncture will aid 
the prognosis. 

Treatment. — Loosen the clothing at once, and remove the patient 
to as cool a place as can be found and take off his clothes, and, if 
possible, liiy him on a bed covered with a large indiarubber sheet, 
or put him in a bath (care being taken to keep the head supported 
by some mechanical means, so that it cannot slip down into the 
water), and applyan ice-bag to the head, while pieces of ice arerubbed 
over the body, and at the same time cold sponging is carried on. 
The cold douche uiay also be applied with markedly beneficial 
effect. Also large enemata of iced water may be given. 

While this is being done, vigorous friction should be applied to 
the parts which liave been rubbed with ice, in order to promote 
circulation in the cooled skin. 

If there is no ic(i, wring out a sheet in as cold water as can be 
found, and allow water to dri]) on tlic patient all over. 

In places where no cold water is available, the ordinary water 
can be chilled by dissolving a fair quantity of salt in a bath of water, 
squeezing the juice of some limes into this, and then adding a quantity 
ot vinegar and a little eau-de-Cologne, and sponging the patient 
with this mixture. 

The danger in cold sponging is collapse; consequently the rectal 
temperature must be carefully taken every few minutes, and when it 
falls in the rectum co about loi-G'' F. sponging must be stopped, the 
patient co\'(a'ed up with Idankets, put to bed, and must be most 
carefully watched. 

If the temperature comes down with a run and collapse sets in, the 
cold applications should be stopped, and treatment must be applied 
as described under heat syncope (p. 1459). The patient must in 
any case be carefiiUy icatched, and ice, cold sponging, or both, must 
be resorted to again and again till the temperature remains down. 

While these immediate remedies are being applied preparations 
may be made for lumbar puncture and the removal of a quantity 
of cerebro-spinal fluid. If the fever is not reduced by this treatment, 
and the pulse is bounding, the body cyanosed, and the heart's 
action embarrassed, the median basilic vein may be opened and 
the patient freely bled: but if little or no blood comes, then an 
intravenous injection of a pint of normal saline at 98-6'' F. (37° C.) 
may be run in. Cardiac stimulants such as caffein, digitalis, and 
strophanthus must be employed to keep up the heart's action. 

Antipyretics are useless, as is also quinine, for this fever. 

If the breathing stops, it is advisable to try artificial respiration 
for half an hour, or, according to some observers, for several hours, 
as sometimes good results have ensued. If the heart begins to fail, 
hypodermics of strychnine, provided there are no convulsive 
symptoms, digitalin, or adrenalin, may be given. If convulsions 
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are severe, inhalations of chloroform and oxygen mixed may be 
administered. 

When the temperature is reduced, and the patient is conscious 
and can swallow, a dose of calomel (gr. iii. to v.), followed by saline 
purgatives, is advantageous. As soon as urine can be collected, 
it must be carefully examined for signs of renal trouble, which, 
if present, must be treated. Recurrent temperatures may be 
bacterial in origin and will not be easily reduced, but blood cultures 
should be made and the causal organism determined with a view 
to vaccine therapy if prolonged. 

Bromides may be required to soothe the irritated nervous system, 
and do more good than h3q)notics or morphine. 

Food must at first consist of only milk with barley-water or 
toast -water, and be given in small quantities and often; but as con- 
valescence proceeds, broths, soups, eggs, milk-puddings, etc., can 
be added. No alcohol on any account must be given, except on the 
advent of collapse. 

The room in which the patient is lying must be kept as cool 
as possible by punkahs and large blocks of ice placed in baths, and 
it must also be kept dark — t.e., well protected from the sun’s rays, 
and also from the glare of electric light. There is apt to be great 
intolerance of light and heat, and therefore, after thermic fever, the 
patient should, if possible, go on leave to a cool climate. 

An alkaline treatment (ammonium carbonate, sodium bicarbonate) has been 
recommended with the object of combating acidosis. 

Prophylaxis.- — Prophylaxis consists in protecting the head and 
eyes from the sun, in wearing proper clothing, in living in dwellings 
and offices protected against the sun and kept as cool as possible, 
as described in the preceding chapter. 

Muscular exertion should not be taken in the heat of a tropical 
day if it can be avoided, and during these hours alcohol should not 
be touched. 

If any of the prodromata are noticed, the person should be put 
on the sick-list, and treated as though he were ill. He should be 
kept in a cool shaded room ; the bowels should be freely opened, and 
cool applications applied to the head. The diet should be light 
without alcohol, and, when better, the patient should be extremely 
careful not to expose himself in any way. 

In regard to railway travelling, Nicholson advises the avoidance 
of coupe and corridor compartments and the use of carriages running 
the length and breadth of the coach. This probably refers to second 
and third class carriages, as the small compartment for one person 
in the first-class carriages of Sudan trains is most excellent. He 
advises the use of fans, which are constantly employed on Sudan 
trains, and the running at the highest speeds possible. Double 
roofs and windows well protected by coloured glass and jalousies 
should also be noted, as they have been used for years in the Sudan. 
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HEAT SYNCOPE. 

Synonyms. — ^Heat exhaustion, prostratio thermica. 

Definition. — ^Heat exhaustion is a condition of syncope brought 
about by action of high air temperatures, especially if associated 
with a considerable atmospheric humidity, upon persons whose 
bodily health or conditions are abnormal. 

Climatology. — ^The climatology is the same as for thermic fever. 

etiology. — ^Two distinct factors are necessary for the development 
of this condition: — 

1. High wet -bulb temperatures. 

2. Abnormal bodily health or conditions. 

The first factor lias been sufhciently explained, but a word or two 
about the second is necessary. The second factor consists of any 
organic disease or chronic alcoholism, especially the latter, which 
is apt to cause fatty infiltration and degeneration of the heart wall, 
thus allowing dilatation of the organ under the stress of high air 
temperature. 

This second factor also includes unsuitable clothing and too 
violent exercise, which under high wet-bulb temperatures are 
especially liable to induce syncope. 

But alcohol is by far the most important predisposing cause, and 
accounts for the difference in mortality of expeditions in which 
soldiers are allowed to drink it and those in which they are not. 

Morbid Anatomy. — ^As was shown by Pfeiffer in 1851, the heart 
may be flaccid and very much softened, and full of blood, especially 
on the right side, but apart from this there is little morbid change. 
There may be congestion of the brain, lungs, and other viscera, but 
generally there is little to note. 

Symptomatology. — ^The symptoms begin suddenly by the person 
feeling very giddy, and sometimes sick and weak. If he attempts 
to walk, he staggers, and may fall. He is pale, his pulse small and 
soft, his pupils dilate, and his skin is cold. The temperature is 
subnormal, or there may be a transient initial rise, 100° to 102° F., 
and there may be loss of consciousness, but this docs not always 
take place. There is often considerable pain in the head. 

Generally the condition is quickly recovered from, sometimes 
after a little sickness or fever, but at times it deepens into uncon- 
sciousness, and ends in coma and death. 

Treatment. — ^\Vhcn a person complains of feeling faint, lay him 
flat on his back in as cool a place as can be found, and loosen his 
clothing. Dash a little water on his head, face, and chest, and 
give him a little brandy-and-water or sal volatile, if he can swallow; 
but if he cannot, give a hypodermic injection of strychnine or of 
ether and camphor. As soon as possible wrap the patient in 
blankets, and apply hot bottles to various parts of the body. 

Prophylaxis. — The prophylaxis is the same as for thermic fever. 
Giles advises nux vomica to be administered before hard work in 
the sun. 
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HEAT LOW FEVER. 

Definition.— A low intermittent fever of long duration, occurring 
in persons in poor health conditions, under the influence of continued 
high air temperatures and a degree of atmospheric humidity. 

Remarks,— The temperature generally rises to about 100° F. or 
less every day for months, but the patient may experience little 
discomfort, except that he does not feel very fit or is in a vague way 
slightly indisposed. 

Diagnosis.— It must be diaposed from low intermittent fever 
by the fact that in this complaint the patient feels ill. 

Treatment. — Rest and change of climate effects a cure, for the 
time being at all events. 
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CHAPTER LVII 


THE UNCLASSIFIED FEVERS OF THE 
TROPICS 


General remarks — Cobb’s pigmentary fever — Robles' fever — Forrest’s fever 
— Naegelo’s urticarial fever — Hyperpyrexial fever — Double continued 
fever — Low interniittejit non-inalarial fever — High intermittent non- 
malarial fevc'r — Mossman fever — Nasha fever— -Tientsin fever — Whit- 
more’s fever- --W’oolley’s fevtT with jaundice^ — -The macular fever of 
Tunisia — 'I'acainocho j[ever- -Kyoto fever — Ban bach — *Fcbris palustris 

remittens -Reiter's disease --Ovoplasmosis — Hajmocystozoon fever — ■ 

Septic bilious fevers — -Bungpagga — Robb's heat fever — Non-malarial 
quartan fever — Anauuic low fever — Vesicular fever — Papular fever — 
Haemorrhagic febrile gastro enteritis of children — References. 


GENERAL REMARKS. 

Since Crombic in i8()(S attempted to arrange tropical fevers much 
has been done to define tlicse maladies, as may be judged by the 
preceding chapters. Nevertheless, it is curious to note that the 
more these fevers arc defined and sorted out the greater the number 
of forms which cannot be classified, notwithstanding a clear definition 
of enteroidea, 

Hume attempted to arrange these fevers into a typhoid colon 
group, a dengue group, and an influenza group, but we have placed 
all that we could recognize as belonging to the first group under 
enteroidea (Cliapter Hit., p. 1362), and to the second under dengue 
fever (Chapter XHIL, p. 1244). We have failed to meet with any 
wliich could be classified as influenza-similar, though epidemics 
of true influenza do occur in the tropics (Chapter LVIII., p. 1497). 
Under these circumstances we simply describe the various forms 
known to us without any system or order. 

COBB’S PIGMENTARY FEVER. 

This latter is peculiar, and reads like a mild attack of insolation. 
It occurs in the hottest months of the year. The onset is sudden, 
the temperature rising to 103° to 104° F., with headache, nausea, and 
vomiting, associated with a peculiar pigmentation of the nose and 
cheeks. The fever is continued, and lasts eight to ten days. The 
pigmentation slowly fades some months after the fever is over. 
It requires further investigation. 
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ROBLES’ FEVER. 

A peculiar form of continued fever, which is said not to be typhoid 
and not to be malaria, is described by Robles, of Quezaltenango, and 
Gann, of British Honduras. 

Robles has separated from the blood of the patients a micro- 
coccus resembling Micrococcus melitensis, but liquefying gelatine. 
The patients, who are usually derived from the younger members 
of the poorer classes, are anaemic and debilitated, and live under 
insanitary conditions. The fever is very irregular, being at first 
remittent, but becoming intermittent, while the periods of apyrexia 
increase in length and frequency as the disease progresses. The 
symptoms are but slight, consisting of headache, malaise, furred 
tongue, thirst, and anaemia, with slight constipation. The spleen 
is either not enlarged or but slightly so, while the liver is a little 
tender on firm pressure. The duration of the disease is from two 
to three weeks to several months. Convalescence is long drawn 
out, there being much debility and disinclination for mental or 
physical exertion. The prognosis is good, as recovery is the rule. 
The best treatment is change to a cooler climate, good sanitation, 
a light, nourishing diet, and a tonic of iron and strychnine. 

FORREST’S FEVER. 

Forrest has described a fever in Rangoon which he called ' Rangoon 
local fever,’ which lasts three to fifteen days, and shows a tem- 
perature curve resembling a parabola, ascending and descending 
gradually. The maximum temperature is 104® F., and the blood 
shows a polymorphonuclear leucocytosis. 

NAEGELE’S URTICARIAL FEVER. 

Naegele described this in 1912 as occurring in South-West Africa. 
It consists of fever associated with an urticarial eruption, affecting 
the skin and mucosae, and associated with marked nervous symptoms, 
loss of muscular power, neuritis, pains in the joints, affections of 
the glands. When the wheals disappear the skin exfoliates. 
Relapses are frequent. Bassett-Smith has suggested that it may be 
due to some food toxin. 

HYPERPYREXIAL FEVER. 

Remarks. — ^There is a peculiar form of fever which wc met with 
on the Gold Coast and in Ceylon, and which was first described 
by Thompstone and Bennett in Southern Nigeria. 

Climatology. — It is known to occur on the West Coast of Africa 
and in Ceylon. 

.etiology. — ^The causal ‘on is entirely unknown, but peculiar 
bodies (Fig. 675) have been seen in smears from the spleen. We 
are inclined to consider them contaminations. 
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Pathology. — ^Nothing is known as to the pathology of the disease. 

Morbid Anatomy. — ^There is nothing characteristic to be seen in 
an autopsy. 

Symptomatology. — ^The illness begins with a mild fever which 
looks like a typical malarial attack, the temperature falling after 
the ordinary sweating stage, though no malarial parasites appear 
in the blood. The next day the temperature is almost normal, and 
no anxiety is felt about the patient. But on the third day the 
temperature begins to rise, and 
reaches 104° to 107° F., at which 
it will remain if only drugs are 
used; but if cool bathing is 
resorted to, the temperature wdl 
fall temporarily, rising in due 
course until cool bathing is again 
performed. This struggle con- 
tinues, despite any medical treat- 
ment that may be employed, 
until, at the end of six to seven 
days, the cool bathing ceases to 
have its effect, and the tempera- 
ture goes on until no'' 1\ is 
reached about the eighth day, 
and the patient, after having 5^- — Bodies found in a Case 

been delirious, l)ecomes comatose of Hyperpyrexial Fever. 
and dies; or, in about 50 per 

cent, of Thompstoiie and Bennett’s cases, the temperature remains 
at about 105'' F. for three weeks, and tlieii gradually falls to normal 
about the sixth week. 

The spleen, liver, abdominal organs, urine, and blood, appear 
quite normal, except that coagulation is said to be quick. The 
conjunctivae are injected, and the mind is clear until the terminal 
delirium sets in. The aetiology is quite unknown. 

Treatment. — Cool si)onging, cool baths, and cool packs, are the 
only useful treatment. 

DOUBLE CONTINUED FEVER. 

This disease, which closely resembles enteric fever, was first met with by 
Manson, and subsequently by Thorpe and Rousseau in China. 

The disease begins insidiously, the temperature rising to 104° F., and 
remitting about 3° F. per diem, with slc.v pulse, a moist red tongue, and 
constipation. Tlic spleen is slightly enlarged, and all the other organs are 
normal. After ten to fifteen days the temperature falls gradually by lysis to 
normal, at which it remains for two to seven days, when a second paroxysm 
of fever sets in of the same type as the first, only lasting some ten days, after 
which the patient becomes convalescent. There is, however, a considerable 
amount of anaemia, and it is a long time before the strength is regained. There 
are no complications or sequelae. 

Treatment must be symptomatic ; quinine is useless . 
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LOW INTERMITTENT NON-MALARIAL FEVER. 

Remarks. — ^This fever has been described by Crombie and Castel- 
lani. Cases have been reported from India, Ceylon, China, and 
Siam, where it was observed by Murray. Recent 1}^ cases have been 
observed in the south of Italy and the Balcanic zone by Rho and 
Piebroforte, and others. 



Symptomatology.^ — onset of the disease is insidious, or it may 
follow what to all purposes appears to be a mild atteick of influenza , 
the patient feeling out of sorts, feverish, and complaining of muscular 
rheumatoid pains all over the body. Tlie type of the fever is inter- 
mittent. Every day, generally lietween tlic hours of ten and twelve, 
the patient feels somewhat chilly, but there is no shivering ht. The 
t^perature rises, the maximum varying between 99° and 102° F. 
Ihe temperature never rises, in our experience, above I02'”F. In 
the evening, between eight and midnight, the temperature siowly 
decreases and becomes normal. Occasionally the patient mav 
perspire when the temperature falls, but this is not a constant 
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symptom. The physical examination of the patient will reveal 
nothing abnormal, apart from, occasionally, signs of slight anaemia. 
The liver and spleen are not enlarged. In a few cases some super- 
ficial lymphatic glands may be slightly enlarged. In some cases 
the red blood cells are decreased. An interesting feature in most 
cases is tlie distinct increase in the number of eosinophile leucocytes, 
even when no evidence of intestinal worms can be found in the 
motions. Tlie course of the fever is very long. Wc have seen cases 
lasting six months. 

Diagnosis,- — ^lliis fever may be diagnosed from Malaria by the 
absence of Laveran’s parasites, and by the fact that the spleen is 
not enlarged ; from Malta fever, a type of which it closely resembles 
clinically, by the absence of tf e Micrococcus melitensis in the blood, 
and the constant negative result of Wright’s reaction ; from trypano- 
somiasis by the absence of trypanosomes; from low fever of tuber- 
cular origin by the negative cutireaction. 

Prognosis. — This is good — quoad viiam - — but the patient feels 
weak, tired, nervous, and unfit to do his work properly for months. 

Treatment. — A change of climate is always beneficial, and often 
quickly stops the fever. A long course of injections of quinine 
cacodylate is useful in many cases. The ordinary preparations of 
quinine by the mouth or by injection do not infiuence the fever 
in the least. 

HIGH INTERMITTENT NON-MALARIAL FEVER. 

Remarks. — Tliis fc'A'er lias been described by Castellani in 1909 
m children in Ceylon, 

Symptomatology. — ^.\part, perhaps, from slight anaemia, the child 
does not show any symptoms except the fever. He takes his food 
well, runs about and plays, and seems apparently in his usual 
health. The fever begins in the late morning, and lasts several 
hours every day, reaching 103'' to 104^ F. and more. There is no 
shivering fit at the onset, nor perspiration when the temperature 
falls to normal. The blood does not show anything abnormal, 
(except, occasionally, a slight degree of ana^ania. The course of the 
fev('r is very long, lasting at times several months. 

Treatment. - Quinine does not influence it in the least. As a 
rule, a change of climate stops the fever almost immediately. 

MOSSMAN FEVER. 

Synonym. — Endemir glandular fever. 

In 1910 Sinilhsoii described a fever, which he called Mossman fever, and 
which was characterizetl by an irregular remittent fever of three to twenty- 
one days’ duration, accompanied by painless enlargement of the posterior or 
subscapular group of axillary glands, which were tender. The symptoms were 
mdd, acc()m})anied by a macular or v'esicular rash. It almost exclusively affects 
sugar-cane cutters The blood is normal and the death-rate is lov , but it 
may end fatally, apparently from a form of septicaimia. It affects white and 
black people in the endemic area. The incubation period is six to ten days, 
and the onset is sudden or gradual. 
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The mortality is less than i per cent., and an attack confers a slight immunity . 
It is thought that it may be due to some insect on the cane. The dermatitis 
often found in cane cutters is described in Chapter XCIV. on p. 2163. 

In 1913 Clarke described this disease more fully, and in 1914 Breinl, Priestley, 
and Fielding gave a longer account. 

NASHA FEVER. 

Synonyms. — Nakra fever, Nakhra Jawhur. 

Remarks. — Under the above terms Fernandez, in 1894, described a fever 
characterized by swelling of the nasal mucosa as occurring in Bengal. 

Climatology. — It is found mostly in the months of April to August, and is 
rare in the cold weather. 

.etiology. — The causation is unknown. 

Symptomatology. — The illness is ushered in by a chill associated with high 
fever and hyperremia, with swelling of the mucosa of the nose, and pains in the 
head, neck, shoulders, and small of the back. The face is flushed, the pupils 
contracted, and there is an eruption of small papules, often accon\panied by 
bronchial symptoms. 

The fever, which is usually remittent in character, disappears in three to 
five days, when the nasal swelling also subsides. 

Relapses may occur in one to four weeks, and sometimes a severe relapse 
may end in delirium, coma, and death. 

Treatment. — A saline purgative and a mild diajihorctic arc first adminis- 
tered, and then the nose is sjuayed with iced water two to three times a day, 
or the conge.stion is relieved by pricking the mucous membrane. Tannin and 
10 per cent, cocaine solution may also be applied to the nasal mucosa. 


TIENTSIN FEVER. 

A somewhat similar fever has been reported by A. C. Fox from 
Tientsin, but in liis cases the fever lasted from ten to toiirteen days. 
He thinks it may have been a paratyphoid infection. 

It is characterized by sudden onset, remittent fever for ten to 
fourteen days, frontal headache, constipation, slow pulse. The 
constitutional symptoms are slight, relapses are reire, and the 
mortality is nil, while convalescence is rapid. It occurs in persons 
inoculated against typhoid and having no malaria. It may be 
enter oidea. 


WHITMORE’S FEVER. 

Synonym. — Morphine injector’s septicaemia. 

Whitmore, in 1915, has described several cases of a glanders-like 
disease in Rangoon, characterized by intermittent fever, broncho- 
pneumonic symptoms, and often multiple abscesses in various parts 
of the body. The bacillus isolated seems to be very similar to 
B, mallei. 

In 1915 Knapp came to the conclusion that this fevei might exist 
in other parts of India, and showed that the disease is due to the 
contamination of the hypodermic syringe. 
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WOOLLErS FEVER WITH JAUNDICE. 

This fever was described by Woolley as occurring in the Andaman 
Islands. He thinks that it is separate from malaria. 

Jaundice appears on the third to fourth day, and in bad cases 
there are haemorrhages, delirium, and a rapid pulse, while 40 per 
cent, of the cases dies 

It seems to us that it must be Fehns casirensis gravis — i.e., Weills 
disease. 


THE MACULAR FEVER OF TUNISIA. 

Synonym. — La fi^vre boutonneuse de Tunisie. . 

Definition. — An at.ute febrile disorder of unknown causation, characterized 
by a peculiar macular eruption on the abdomen, palms of the hands, and 
soles of the feet, wliich often persists for several days after the temperature 
has fallen to normal. 

Remarks. — Tliis fever was described by Conor, Bruch, and Hayat in 1910 
in Tunisia, and by other persons more recently. 

etiology. — 'J'he causation is unknown, and inoculations into monkeys 
were negative. 

Symptomatology. — Tim onset is sudden and accompanied by rigors, fever, 
pains in the jointr«, itij':‘ction of the conjunctiva, nausea, vomiting, constipa- 
tion, and insomnia. The rasli appears on the second to fourth day in the 
form of rose-red or dark red spots about the .size of a lentil, which disappear 
on pressure. The blood shows a lymphocytosis of about 35 per cent. These 
spots appear upon the abdomen and the palms of the hands and feet. After 
lasting about two weeks the temperature falls to normal, and after a few da3^s 
the rash dies away without any desquamation. 

Diagnosis. — The characteristic feature of this fever is the distribution of the 
eruption and the fact that it frequently persists for several days after a normal 
temperature has been reached. It most nearh^ resembles Brill’s disease — 
that is to say, a mild form of typhus fever — which, indeed, it may well be. 

Prognosis. — This is good. 

Treatment. — The treatment is purely symptomatic. 


TACAMOCHO FEVER. 

In 1918 Hciiao gave an account of five cases of a fever at Taca- 
moclio, on ilie Antioqnia Railway, Colombia. It was characterized 
by high fever, vomiting, intense headache, and diarrhoea. The 
vomit might have blood in it or might be bilious. The liver was not 
enlarged. There was temporary suppression of urine, followed by 
albuminuria in the cases which recovered. Two cases died. 
Microscopical findings did not confirm the idea that it was a form 
of yellow fever. 

KYOTO FEVER, 

A fever lasting for seven days in Kyoto, Japan, and described by 
Masuda in 1918. Ineda found a spirochsete in the blood. The 
peculiar feature was that adult males of the farmer class were the 
principal sufferers, and that it produced a cloudiness in the vitreous 
humour of the eye. 



1468 THE UNCLASSIFIED FEVERS OF THE TROPICS 


BAN BACH. 

Synonym. — La miliairc cristalline febrile. 

This fever was first described by Montel in 1912, and in 1916 
by Sarailhe in Cochin China. It is characterized by an insidious 
onset, followed by six to eight weeks’ fever, terminating by lysis, 
and attended by pulmonary catarrh and a very abundant vt^sicular 
eruption, which is difficult to see unless looked for, and whicli comes 
out in crops. The skin is dry, conjunctiva yellow, and tliere is con- 
stipation, lassitude, and enlargement of the spleen and liver, with 
^pid compressible pulse and sometimes delirium. Convalescence is 
't>rolonged, and there is a complete loss of hair. Blood tests show no 
^parpites, and are negative for the enteric fevers. It is thought to 
^ be infectious. This resembles in many particulars the cases de- 
scribed by Smith and Loughman at Aden in 1914, but they do not 
mention the vesicular rash or the loss of hair. Both fevers probably 
belong to the enteroidea, and should be examined bacteriologically 
as to the blood and the huces. 

FEBRIS PALUSTRIS REMITTENS. 

Described by Ludwig in 1917 as being characterized by an in- 
cubation of twenty-one days and a fever of seven to ten days, 
of a remittent type, with headache, pains in the muscles, weakness, 
jaundice, and nephritis. It sounds like enteroidea. 

REITER’S DISEASE. 

This was also described in 1917, and resembles the above, but 
there were pains in the joints, conjunctivitis, iritis, and cystitis, 
with enlargement of the spleen and fever lasting about seventeen 
days. 

OVOPLASMOSIS. 

A fatal fever described by de Raadt in an Annamese aged forty- 
four years, with enlargement of the spleen, but not of the liver, 
and with a temperature somewhat resembling sublertian malaria^ 
without malarial parasites in the blood, but with pigment in the 
mononuclear leucocytes and resisting quinine therapy. The tem- 
perature rose very high, and the patient died. Small intraglobular 
rings were seen staining blue with Giemsa’s mixture;, and without 
any trace of chromatin. These were also seen in the mononuclear 
leucocytes, and were called Ovo plasma anucleatum de Raadt, 1913 
This sounds like subtertian malaria. 


H^MOCYSTOZOON FEVER. 

Eamocyslozoon hrasiliense Franchini, 1913, is a flagellate which 
encysts in the peripheral blood, and was judged to be the fatal cause 
of a quotidian fever in an Italian physician coming from Brazil. 
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The fever came on after the removal of a tumefaction in the neck. 
Spleen and liver were enlarged, and there was great anaemia and 
emaciation. Brurnpt considers tliat the organism is a herpetomo7tas, 
and compares the non-llagellate forms to Schizoirypamm cruzi, 
while the flagellate, he thinks, are contaminations, but Franchini 
docs not agree. 

He reports that lie has found in smears from the liver — ■ 

(i) Ovid and lanceolate forms 3-() and 1-2*5 microns, without 
blepliaroplast or tlagella. (2) Oval or lanceolate forms, sometimes 
dividing, 16x3 microns. (3) Flagellate forms, with a flagellum 
arising near the blepliaroplast. (4) Non-flagellate forms with a 
large nucleus. (5) Encysted forms with chromatinic masses. 

rile patient had enjoyed good health until three years pre\ iously, 
when he began to feed ill and lost his appetite, while his weight 
declined. Oiui year latc'r a hard indolent tumefaction appeared 
on the right side of the neck. This was riunoved, bat the wound 
did not heal and discharged a white non-purulent secretion. He 
now began to suffer from irregular quotidian fever, preceded by 
shivering and followed by sweating. The spleen became somewhat 
enlarged, but the liver gradually extended to the umbilicus, and a 
cyst formed in the right lobe, puncture of which gave a reddish 
fluid. The patient now became* very anaunic and emaciated. The 
lymphatic glands were normal, the urine showed traces of albumen, 
tile blood showed signs of acute amemia, with leiicopenia, no eosino- 
philia, and a few parasites. Puncture of the liver showed more 
parasites. 

No malarial parasites, leishman bodies, spores, or fungi could 
be found by exaniiiuition or by cultures. Wassermann’s reaction 
was negative. Sections of the tumefaction showed granulomatous 
tissue and some parasites. 

SEPTIC BILIOUS FEVERS. 

A febrile complaint described by Gartan, in 1918, as occurring 
mostly in women, associated with enlargement and tenderness 
of the liver, and last ing five to thirty days. One death is recorded. 

BUNGPAGGA. 

This appears to us to be myositis purulent a tropica {vide p. 1975) 

ROBB’S HEAT FEVER. 

I'his is di'-scribed as non-infective cercbro-spinal fever, occurring 
in liast Africa. 
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NON-MALAHIAL QUARTAN FEVER. 

This fever, described by Castellani, is characterized by having a 
quartan periodicity and no malarial parasites in the blood, and 
quinine given in massive doses does not influence the course, which 
is prolonged, lasting several months. 



Fig. 677. Temperature Chart of Non-Malarial Quartan Fever. 


ANiEMIC LOW FEVER. 


In young European and native women aged sixtecai to twenty- 
two years there is a persistent low fever lasting for seviTal months, 
reaching above 99*4° E. in the aft ernoon and associat ed wit h a cert ain 
degree of anaemia, which is met with at times. Tlie patient may 
become extremely nervous and hysterical. This temperature may 
be due to the degree of chloramemia, and has nothing to do with 
hysterical fever of certain authors, as it disappears on the anamiia 
being treated. 


VESICULAR FEVER. 

Definition. febrile disorder associated with acute pain in 
some region of the body, followed by the appearance of a vesicular 
eruption which becomes general, 

Remarks.—lhis is a fever which at its commencement resembles 
an attack of chicken-pox, and when it is fully developed closely 
resembles modified smallpox. We have seen several such cases in 
Ceylon during the last ten years, 
etiology. — The causation is unknown. 

Symptomatology.— At no stage of the illness is tlie patient severely 
’ ^ G comrnencernent is ushered in with sometimes pain in 

SS'io -‘k ’’."I’'' “T'" ''y » »< •""■PS," 

'I eruption may appear at 

first in the region of the pain, or may be general from the com- 
menceinent, which however, is not relieved, and may, on the con- 

®ther regions of the body. The pain 

and the temperature becomes normal, while the patient feels better 
The vesicles are discrete, dome-like, or flattened; later, a few may 
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become umbilicated. The size is generally much less than those 
of chicken-pox, and a few may become umbilicated. There is little 
or no inflammation of the base. The contents are at first clear and 
then purulent. Superficial scabbing mny occur, and, as a rule, no 
scars are left, tliough rarely some scars nay be found. 

Diagnosis.— The diagnosis is based ipon the characters of the 
eruption, there being no true pustulal m, with scabbing and scars, 
as in smallpox, and by the fact that < uring convalescence Jenner's 
vaccination is generally successful. 

In chicken-pox the vesicles are generally larger, and often leave 
thick crusts. 

Ill alaslrini the eruption is often confluent, pustular, and clinically 
almost identical wit li smallpox. 

Prognosis.— This good. 

Treatment.-- Till* tri'atment is purely symptomatic. 

PAPULAR FEVER. 

Definition. — .\ sligltt febiile disorder, described by Castellani, of 
unknown causation, cliaracterized by a maculo-papular eruption 
and rheumatoid pains. 

Remarks. —We have sr(>n an ('picUmiic of this tieculiar fever in 
Ceylon; it la^siunbled measles in ^lie appearance of the rash, but 
was without any cat an ha 1 synijuoms. 

.Etiology. — Tliis i^ quite unknown. 

Symptomatology.— Tile disease begins with a prodromal period, 
during which tin* jivitieiil sutfers from malaise, depression, and 
rheumatoid pains, especially in the back, which arc associated with 
chilliness. After tliree or four days the rash comes out suddenly all 
over the body, but most marked on the arms, trunk, and legs, the 
f.Lce being least affected. The eruption is morbilliform, being com- 
])osed of bright red piinluaid ])apules and red maculae. It is, as 
already stated, visilile on the arms, legs, and chest ; while there may 
be a few mactihe on the palms of the hands and soles of the feet. 
The face is not much affected, and there tlie eruption is rather more 
macular than papular. Tilatow’s papules in the mouth are absent. 
I'here is generally slight fever lasting for a day or two. There are 
no catarrlial symptoms of the eyes, nose, or throat, no enlargement 
of the lymphatic glands. I'he eruption generally lasts between two 
to flv(‘ days, and then fades without 0 )y desquamation and without 
leaving any marks. In most cases the eruption is associated with 
itching, especially on the arms, and in a few cases there is no 
fever. 

Diagnosis. — It is to be distinguished from measles by the absence 
of the catarrhal svmptoms, absence of Filatow’s and Koplik’s signs, 
from German measles by its longer duration and the diffuse type 
of the eruption, from toxic rashes of intestinal origin by the absence 
of any intestinal symptoms, and from dengue by the rash being 
frankly papular. 
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Prognosis.— This is good. 

Treatment.— Tlic trout ni(‘nt is syniptomalic, small dosos of asjiirin 
or p>Tamid(in b. ing gi\ on t o r. liov.- 1 he jiaiiis. aiul calamine lot ion t „ 
alleviate the rash. 


HEMORRHAGIC FEBRILE G ASTRO-ENTERITIS OF 
CHILDREN. 

Synonyra.-lMtna oa Voniissonioiilsnnirs.ies Enfa _ 

Definition.- All oiuloinio fever limited to (riaiule ttrie ii 
Guadeloupe , and characterized liy black r-oiiiif and by occumnn 
only in children. 

Remarks. — This disease, wliich closi'ly resemlih's yellow i(‘ver, 
was fir.st described by Hr. Guesd(‘ in i8oi. 

Climatology. — It is only known in ‘ Grande terre ' in (iiiadeloiipe. 

Symptomatology. — ^The disease begins snddi'nly witli an attack 
of vomiting, and is followed by an attack of febrile ])ilions vomiting. 
The child then becomes very ill, with ri'inittent fever, slight icti'riis, 
obstinate constipation, and later black \'omit. After lasting from 
two to five days the symptoms may improx'e, slec'p returns, the 
fever disappears, and the child gradually recovtrs: on the other 
hand, the symptoms may become worse, and the child die. Conva- 
lescence is prolonged. 

Diagnosis. — ^'riic disease seems to ns to be indistingnisliable from 
yellow fever. 

Prognosis. — The prognosis is always grave. 

Treatment. — This is symptomatic. 
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CHAPTER LVIII 


COSMOPOLITAN FEVERS 

General — -Epidemic cerebro-spinal meningitis— The exanthemata — Vaccina- 
tion — Alastrim — Vaccinia in natives — -Vaccine rashes — Influenza — 
References. 

GENERAL. 

At the present time many so-called tropical diseases have become cosmopolitan 
—e.g., amoebic dysentery — while others, such as malaria, probably have 
always been world-wide in their distribution. There are, however, some few 
fevers which, though they really belong to cool climates, nowadays are of 
importance in the tropics — for example, the exanthemata and influenza. 
We think it advisable to give a brief account of these. 

EPIDEMIC CEREBRO-SPINAL MENINGITIS. 

Synonyms. — Spotted fever. French, M6ningite cer^bro-spinale 6})id6mic]ue ; 
Italian, Mcningite cerebro-spinale; German, Epidemische Genickstarre. 

Definition. — An acute specific fever caused by Neisseria intracellularis 
Weichselbaum, 1887 {Diplococcus intracellularis), und allied organisms, spread 
from man to man by aerial carriage, and characterized by a brief septu ajmia, 
leading to a cerebro-spinal meningitis, and occasionally by a more prolonged 
and dangerous septicaemia associated with a petechial eruption. 

History.- — The disease may have been known to the ancients, but to our 
minds the phrenitis of Hippocrates and of Cclsus has nothing in common with 
cerebro-spinal meningitis. We have been unable to refer to the works of 
Aretaeus or of Paul of A£gina, and, therefore, are unable to state whether the 
disease which they are said by Kutscher to have described in Italy resembled 
cerebro-spinal meningitis or not, and the same remarks hold good with regard 
to the epidemic described by Abdere de Lucien. 

On the other hand, we have carefully read Sydenham's 'Rise of a New 
Fever,' which Arnell considers to be identical with the disease which he saw 
in Connecticut in 1 807. and which, he also says, is the same as Cullen's ' Typhus 
Petechialis ' and the disease described in Medietts N ovissunus, publislu;d at 
the beginning of the eighteenth century. When superficially considered. 
Sydenham's new fever does, at the first glance, read like cerebro-spinal 
meningitis, but when the symptoms are carefully analyzed they will be 
observed to resemble those of the enteroidea group of fevers, and therefore we 
are convinced that Sydenham's new fever is not cerebro-spinal meningitis. 

We have been unable to peruse Vieusseux's original account of the outbreak 
in 1805 at and around Geneva, but North’s translation in 1811 of the article 
in the Journal de Mtdecine de Paris makes it quite clear that this was un- 
doubtedly the disease in question, and the same author's verbatim account of 
Danielson and Mann's article published in the Medical and Agricultural 
Register of Boston, with its careful clinic and post-mortem histories, leaves no 
doubt that these two authors were dealing with an epidemic of cerebro-spinal 
meningitis at Medfield in March, 1 806. North’s valuable little book containing 
all the early histories of the disease appeared in New York. 

1474 
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From this date onwards till about 1884 the whole ground of the history has 
been reviewed by Hirsch in the third volume of his classical * Handbook of 
Geograpliical and Historical Pathology/ in which he divides the epidemics of 
cerebro-spinal meningitis in Europe and America into four cycles, viz.: — 

(1) 1805-183^), Europe and North America. 

(2) 1837-1850. Europe. North America, and Algiers. 

(3) I ^54’ I ^75* Europe, North America, Africa (parts). Western Asia, and 
South America. 

(4) 1876-1884, small epidemics in former areas, to which may be added: — 

(5) El present time. Recognition of the disease in the tropics. West 
Indies, Idji, Anglo-Egyptian Sudan, West Africa, Western Australia, Mexico. 
Severe epidemics in Amerit a and Juirope ---f.e., this is the period of the first 
pandemic. 

It will thus lie seen thut the area jn which the disease is recognized has 
gradually extended, and that this has been quicker of late years, probably 
due to increased facilities for travel which has introduced it by the agency 
of carriers into lands in whi( h it picibably did not previously exist, as, for 
example, 1 'iji, the rtcsult lieing that at tht‘ present time it appears to be diffused 
all over tln^ world and to 0( cur as localized epiflemics in different places in 
different years. 

In the study of these? epidemics certain important features were brought 
out — viz., tlie influences oi over-exertion, starvation, overcrowding, and bad 
ventilation, which account for the prevalence of the disease among soldiers 
and poor ])eoplo and for its increase in different countries in periods of bad 
weathc'r — r.g., during the winter and spring in cold climates and during the 
llaboub seasons of tlie hot Anglo-Egy])tian Sudan, or to a less extent the cold 
weather of the Sudan, when the peo]ilc huddle together into crowded, ill- 
ventilated huts and houses. 

The historical ])oitions with which we are mainly intc?rested are those 
concerned first withitsoccurrence in the tropics, and secondly with its aetiology. 

Occurrence in the Tropics. — The first record we have been able to find of 
the disease in a subtropic al land is the occurrence of an epidemic in 1840-1847 
in Algiers, in whicli country it has, from time to time, been reported. It is 
also said to ha\'e occurred in 1840 in Brazil and in Monte Video in South 
America , 

In I 872 it was reported in Asia from Smyrna and in 1874-75 in Persia, accord- 
ing to Bruc e Low in liis paper on epidemic cerebro-spinal meningitis published 
in 1899. 

It is believed to have been ])resent in Central America and in the West 
Indies prior to 1884, but without trustworthy information. 

Corney has given an excellent account of the invasion of Fiji by the disease. 
It would ajipear that the first cases were noted in 1876 in an immigrant 
labourer's depot at I.evuka, and from that time onwards it was probably 
diagnosed as tedanus, sunstroke, or meningitis, until it assumed epidemic form 
in 1885, which he believed was due to the contagion being spread from man to 
man — a very advanced idea at that time. 

Cerebro-spinal meningitis was reported from the West Coast of Africa by 
the Williams in 1900, and from then onwards from time to time. In 1905 
there was a severe ejiidemic in Northern Nigeria, which was reported upon by 
Twoniey and Davidson, and in 1906-08 in iae northern territories of the Gold 
Coast, wlu'ie it was ably investigated by Horn. In Northern Nigeria it was 
said that cattle were attacked," and in the Lorha district of the northern 
territories of the Gold Coast the natives are said to have noted a great mor- 
tality among fowls prior to the epidemic of the disease. According to Bargy 
and Horn, the disease was marked at this time in French West Africa to the 
west of the Black Volta. 

In 1909 it was reported as being present in 1907 in the northern districts of 
Togoland by Jaff( 5 , when it was known to cause 300 deaths. Jaff6 obtained 
the true diplococcus of Weichselbaum from his cases. 

Epidemic cerebro-spinal meningitis has been recorded in British East Africa 
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since 1906, when llaran noletl five cases, and has been ably describcxl l,v 

In loi*; Biitlor drew attention to a curwus feature of the disease, in tliai 
there aVplaces in ICast and Central Africa where it has always been emleini. 
and seldom epidemic, and he quotes fganda in general, wlulsl in the high- 
lands of British I'a-^t Alnea theemleime lonu is seldom seen, but epidemics <)• 
greater or less vindeiu e are known. 1 le says that in one tribe alone betwe. i, 
20 000 and 40,000 deaths are atiribut.Hl to this di.sca.se, a mortaUty whiLl, 

cleen/n"’ s'it'A'iit'.s.s (Viri haniiy he -'taiii 10 tival. , , r- , 

Sleeping . . rvi^orti'i hv \ niulykc Carter ns ok ui 

piiViou.sJe rcrog,uzc<L lie does njd apj.ear to have pnf./i.she,! tins 
observation until 1SS2, ami then only in his work ^jurilluni Pevvr, p. 43(1, 
when he gives not merely a elinieal but a posl-niorteni at count 01 one case and 
clinical histories of three others. As he has ])een sai<l not to have recognized 
the disease, it may be well to note that he heails the paragraphs in question 
cerebvo-c.pinal meningitis. 

In i8'S.:j. Dimrnofk gave a full account ol an outbreak in the preceding year 
in the Shikarpur Jail. Since then sonic eases have generally been reported 
year by year, and the whole subject of e|hdemic eereiiro-sj)inal meningitis in 
India was ably reviewed by Kobertson-Milne in igoO. 

In 1905 Castellani described two cases which occurred in Singhalese natives 
in Ceylon. 

In 1916 Chalmers and O'h'arrell published a series of investigations upon 
the disease as seen in the Anglo-h'gyptian Sudan. 

History of the Organism. — In 1873 Klebs was the first to see cocci in the 
cercbro-spiiial lliiid of cases of meningitis, and to assign to them a causal 
function. He was followed by h'berth in 1881, in whit h year Gaucher was the 
first to see microtucci in the blood and urine in a patient during life and in the 
exudate from the spinal canal after death; and in connection with these 
findings in the blood one may invite attention to llie obser\'alion of Cole in 
1915, who obtained films of the jieripht'ral likiod in which ten out of 2,(ha) 
leucocytes showeti the organism, and also to Osier’s statement that Gwyn in 
1899 was the lirst to isolate the organism from the blood in pure culture. 

In 1883 Ughettialso found inieroeofa'i in the exudvite and in the Idood, and in 
1884 i\larc!iiafava and Celli wrote a short work on the occurrence of micro- 
organisms, and especially dijdococci, in cercl)ro-s})inal meningitis. '1 hey were 
also seen in meningeal exudates by von Leyden in 1883, and by Leichstenstern 
in 1 883, and the last-mentioned observer noted that they resembled the gono- 
cocens by being louiid in the leucocyte. 

In 1886 Senger also noted them in the eerebro-spinal exudate, wliile h'ra.nkel 
with Wcichselbaum, Fo^ with Bordoni, Ulfreduzzi, and Lemoine described the 
pneumococcus as the causal organism of a series of eases of eerebro-S4)inal 
meningitis unassoeiated with pneumonia. 

Jn 1 887 Weichselbaum ])ub]ished his y)a])t?r ‘ Leber die /Ltiologie der akuten 
Meningitis Cercbro-spinalis,’ in which he described eight cases of meningitis 
without pneumonia, two of which were due to the pneumococcus and six were 
caused by an organism which differed therefrom by being generally a (iijdo- 
coccus, more rarely arranged as tetrads, and resembling the gonoeoeciis, being 
often contained in leucocytes and being Gram-negative, lie, however, 
distinguished this organism from the gonocoeeus by the fact that it produces 
in subcultures on agar-agar slopes a flat viscous growth which is greyish when 
seen by reflected and greyish- wliite when examined by transmitted light. It 
only grew at incubator teinperatiire.s, and had but a slight vitality. 1 his 
organism he calleci Diplococcus intracellitlaris meningitidis, and looked upon 
its action as being toxic in nature, while he hesitated to regard it as the causal 
agent of the disease. 

Although Weichselbaum’s observations were confirmed by Goldschmidt in 
1887, and by Edler and himself in i888, they produced comparatively little 
influence, and were almost unnoticed until a polemic was started in which 
raged till 1893, as to the identity of Bonom^’s streptococcus of epidemic cere- 
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bro-spinal meningitis first reported in 1890, and x’O^'s meningococcus and the 
Diplococcus pneumonicB, in which it was (Iccided that Bonom6's organism was 
the pneumococcus, but the confusion was increased by Bordoni, Uffreduzzi 
regarding D. intracellular as a variety of D. pneumonicB. 

I his unhappy condition was accentueited in 1895, when Jaeger, wiiile study- 
ing a regimental epidemic of fourteen cases occurring in Stuttgart, found the 
pneumococcus in two ca.scs, a streptococcus in one case, and in eleven cases 
an intracellular Gram posiU\'e di})lococcns morphologically resembling the 
gonococcus, producing turbidity in broth, and forming short or even at times- 
long chains, while it rtdained its Gram-positiv'c character in cultures. It grew 
well on gelatine at the temperature ol tlic lalw>ratory, and preserved i .s vitality 
during fourteen days or more on artifeial media, lie concluded that this 
organism was Wcichselbaimi's D inlr.iuelliilj.ris, and in this unfortunate con- 
clusion he remained unoj^posed for years, and was supported by Heubner 
in Berlin in TS<)b, who not merely ^j^as tlie first to obtain a coccus from the 
cerebro spinal fluid during life, but who produced a fatal meningitis in goats 
wi til this germ, whu h at the time was < <ik.n side ret 1 fo bean important experiment, 
as an epizootic meningitis was present in horses and horned cattle in C^ermany ; 
further, he proj)ose<l the name meningococcus for this organi ,m, notwith- 
standing th(^ lac t that Bonome had already used it for Hie pneumococcus 
mcuitioned abcjN C. 

1 Ids ineningitis cerebro-spinalis enzootica, or e})izrolic cerebro- spinal 
meningitis, is often c alled \hv Jicnma c/nvm^c, bcc oiis.e of tlie eittention paid to 
a malignant outbreak in horses at Borna in 1S94. 

It is (Jb^■ious tlial it must be of the greatest inijiortance to definitely settle 
the cpiestion as to whether (as is generally believed) the two diseases arc quite 
separate, or whetlu'i* there is some relationship between the human and some 
undelinecl frac tion of the animal complaint. 

Thus we see that confusion has arisen not only between a disease seen in 
animals, but also between two human organisms. 

Jaeger and Heubner's results were more or less confirmed by Holdheim, 
Petersen, Urban (1897), Rameny (189S), Vanzetti (1901), and many others, 
widle Kieler, Kister, Kischeiisky, and Berdach and Froz supported Weichsel- 
baum, and so gre^at a confusion arose lietwcen the Gram-negative Diplococcus 
iniracellulayis \\'eicbselbanin, 1887, and the Gram-positive coccus ot Jaeger 
and Heubner, wide li is also known as D. evassus von Lingclshcim, 1906, that 
every coccus found in connec tion with the meninges was consuiered to be a 
true meningococcus. 

In 1898 Still showed that posterior basic ineningitis was associated with an 
organism like D. intyacdlularis, and Councilman, Mallory, and Wright obtained 
Weicliselbaum's coccus from thirty-one cases of the disease, while Faber in 
IC9CX) found the same organism in an c'pidcmic in Copenhagenoind Canuet in 
the same year showed tha t it was an obligatory aerobe. 

Pfaundler in i8c;c) recognized both the Wcdchselbaum type and the Jaeger- 
Heubner tyjie, and in this lu; was supported by Hunter and Nuttall and by 
Lazarus- Barlow in 1901, in widch yc^ar Albrecht and Ghoii, reporting upon 
the 1898 epidemic at rrelail in Stciermark, not merely conlirmed Weiclisel- 
baiim's researches,l)u t were tlie tirst toobtain the organism liycultiiral methods 
from the naso-pluirynx of case's ol the disease, an observation whicli is now 
of almost daily occurrence, although wc are still uncertain as to the proportion 
of cases which become permanent carriers. 1 hey also obtained Gram-negative 
cocci in the throats of fifteen healthy persons wlio were contacts with cases, 
and in one such person the meningococcus was identified by cultural tests. 

In 1902-03 Belleiicourt ami Franca, in I^ortugal, found the meningococcus 
to be present 271 times in 274 cases ol ccrebro-spinal meningitis, and Lepieirc 
in 1903 described a meningococcus wdiich, although originally Gram-negative, 
became Gram-positive, and the .same year saw the Meningococcal polemic 
between Jaeger, as representing the German school, and Weichselbauni, 
Albrecht, and Ghon on behalf of the Austrian schools, as a result of which 
Weicliselbaum's organism became firmly established. 

In 1905 Kob and Weyl wrote on the subject of Gram-negative and Gram- 
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igents tor tiie menii)gococcus,_a point^« 


f 1 ,v>, , i and in tlie same year Ciistdlani clcscribcfi Weichsdbauni'. 
positive y)u„n and Gordon ii ])oi tod nj>on an i-pulcnii, 

organism in Last. 1 ) //,. n,,nJ in n liidi tin y ol)taiind Micrococcus catar- 

simulating intiuenzd ^ „i, iiin(roiO(LUs. it was (iiiring this invesU- 

rlxjhydratf tests as difiorcnlial 
riiirh he lurihvr chboratal in igoy^ 
in which yoar^iuchanan inPcInVaTa'inodilicaUun of I-oeliler's blood serum 

by adding neutral red in a proportion ol I in 10,000. ^ i und New 

The outbreaks of cerebro-spinal meningitis in jqo:, in liussia and New 
York produced excellent work, in the former by von Lingelsheini aru by 
Kolle and Wassermann with reference to the organism, whicli, togetiicr witii 
the labours of other collaborators, was published in one \o\umc in 1906. in 
this epidemic von Lingelsheim found the meningococci to be ]u-esent in 23-12 
per cent, of the cases, but, as many of the samples came from a long distance, 
it is interesting to note that he obtained 70-6 per cent, positive results from 
examinations in the hospital near the laboratory and taken during the hist 
day of illness, and 66-6 per cent, in those taken from first to fiith day of the 
illness, while he obtained 24-5 per cent, from sixth to tenth (lay, ii*2(j> per 
cent, from eleventh to twentieth day, and only 4*39 por cent, after the twarnty- 
first day. Thus in three weeks 90 per cent, of the cases were free from meningo- 
cocci, but he found that 15 per cent, of the contacts became ( arrieis. He 
also gave an account of D. evussus and, wdth Leuchs, of experiments on animals 


with the meningococcus. 

The American epidemic w-as investigated by Elser, Durham, Goodwin, and 
Sholly, and produced results similar to those of v’on Lingelsheim, and in the 
same year Robertson-Milne reported upon cerebro-spinal meningitis as seen 
in India. 

In this year Kutscher described a coccus in the naso-pharynx of carriers 
which agreed morphologically and culturally with the meningococcus, but 
which could be differentiated by Castellani's absorption test, and Westen- 
hoefier stated that the primary focus of the disease was in the pharyngeal 
tonsils, post-nasal region, and the nasal sinuses, in which in the early days of 
the disease he reported that it caused an inflammation. In 1907 Taylor 
investigated the opsonic index with a view to diagnosis. In 1909 Elser and 
Huntoon named Kutscher's organism the Pseudo-menwgococcus. At first it 
was thought that organism was rare and had nothing to do wdth the disease, 
but, when Gordon and Murray's researches mentioned below are considered, 
it is obvious that it would agree wdtli such of their groups as do not agglutinate 
with and absorb in tracellu laris serum; at the present it is only differentiated 
from the strains with which Kutscher and Elser and Huntoon were working, 


and may or may not be the same as Dopter's parameningococcus, which is 
mentioned below. 

In 1908 von Lingelsheim gave the following differentiation of the organisms 
found by him in the naso-pharynx of the contacts : — 

(1) Micrococcus catarrhalis. — Frequent; colonics, dry crumbling; when seen 
under microscope granulated, generally with irregular borders. Attacks 
neither grape-sugar, nor maltose, nor levulose. 

(2) Diplococcus flavus /. — Colonies on ascitic agar very similar to those of 
meningococcus. Twenty-four hours' culture exhibits clear yellow pigment in 
thick layer. 

(3) Diplococcus flavus II. — Colonies polymorphic, sometimes moist and 
glistening, sometimes dry and wrinkled. Twenty-four hours' culture exhibits 
yellow pigment in thick layer. 

(4) Diplococcus flavus III. — At commencement difficult to cultivate, and 
therefore rarely coming under observation. All three species of flavus form 
acids in the presence of grape-sugar, maltose, and levulose ; whilst the meningo- 
coccus ferments only grape-sugar and maltose, the latter regularly. 

(5) Diplococcus mucosus. — Colonies more prolific and juicy than those of 
meningococcus. Grows also on gelatine at room temperature. According to 
many authors, markedly pathogenic for mice. 

(6) Micrococcus cinereus, — Coarse, uneven granular. Colonies and cultures 
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delicate, reminding one of D. crassus. Does not attack grape-sugar, levulose, 
and maltose. 

He also considered the possibility of the spread of the disease by insects, 
by dwellings, and by clothing, food, and water, and concluded that none of 
these were elfective agents in the propagation of the disease. 

In 1909 tliere appeared a most important work by Elser and Huntoon in 
which they described most carefully the cultural, biochemical, and serum 
reactions of the meningo( occus and its allies, as well as its viability, and 
especially its selective allinity for the cerebro-spiual fluid, a point little con- 
sul er(;d by the majority of investigators. They also considered the subject 
of mixed infections, which was dealt with by Specht in the following year. 

In the same year Dopter described his Parameningococens^ vihiL.h was not 
agglutinated by meningococcus serum ;a fact confirmed by Gordon and Murray 
in 1915), but showed complement-fixation. Two years later he described 
seven cases ot cereb»-o-spinal meiii:igitis as being due to this organism, and 
in 191 j used C'aslellani’s saturation test to dilferemiate it from the meningo- 
coccus. 

The agglutination reattiuns of the meningococcus are unsatisfactory, as 
may be gatliet cd by a study of Hlser and Huntoon's careful work, as well as 
l)v tile discortlant results obtained by numerous observers. In 1915 Hime 
instituted a rajhd method of preparation of a high-titre agglutinating serum 
in rabbits, and Gordon and Murray investigated genuin strains of meningo- 
( oct i obtained from the cerebro-spinal fluid of cases, and found that by agglu- 
tination tests and by Castellani's absorption method they could split up 
thirty-two strains into tlie following groups: — 

(1.) With serum from No. i, 19 strains. 

(11.) With serum from No. 20, 8 strains. 

(111.) With serum from No. 28, 4 strains. 

(IW) With serum from No. 32, i strain. 

T iiey also di^tiiiguislied by these sera Dopter's parameningococcus from aj 
the otiicr groups, and they noted that one strain absorbed the specific agglu- 
tinins from two gn.)ii})s; while out of ten carriers one belonged to Group (1.) 
and five to Cri oup (11.), while the others were not classified. 

In the same year Crowe attempted to meet the difficulties met with in the 
agglutination tests by devising a simpler method. 

We have now given a rough sketch of the history of Weichselbaum’s 
organism, and we might well pause, as Crowe has done, and ask where do we 
stand as regards its recognition. 

It is admitted on all sides that there is a close resemblance between the 
gonococcus and the meningococcus, except as regards the human diseases 
which they produce, and, indeed, many years ago it was suggested that the latter 
might be the former adapted to the cerebro-spinal nervous system and the 
naso-pharynx, but to-day it is admitted on all sides that they are separate, 
mainly because of an experiment in which the meningococcus was found not 
to cause gonorrluea when injected into the human urethra. 

As regards the meningococcus, we can aptly quote Crowe, who, writing in 
1915, says: — 

‘ The present state of our knowledge sv far as it bears on the carrier may 
be summed up : — 

* No Gram-negative organism isolated from the naso-pharynx can be proved 
to be a meningococcus. 

* No Gram-negative organism which resembles even faintly a meningo- 
coccus can be regarded with certainty as incapable of producing meningitis.' 

Hence we have not improved our position since the days of the meningo- 
coccal controversy, but are actually in a position of greater uncertainty as to 
the differentiation of Wcichselbaum’s Diplococcus intraccllularis, and, tins 
being so, we will now brieily review our position as to the causal relationship 
between tliis organism and epidemic cerebro-spinal meningitis. 

Indeed, this is exceedingly necessary at the present time, because, firstly, a 
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certain amount lias been written with regard to the ao^alW i> TOraorpl,is„, 
of th^e memngococcns-e.i'., the papers in 1915 by Lunilie, Ihomas. a,;.| 
FleSng. and by Don.il Ison in tlic same year while in 1915 and 1916 Ihr... 
T^kin and Benians ha\'e tloubleil the lausal .iction of the incningocoi < ii- , 

and in’ the Iasi pul'll' ation iloi I lias stated : , , . 

' In order to disiovei ilie true inlei tive agent, leliether hiologieally lelau 
to the meningococcus or not, luriher researcli is imperative, attention bcuu: 
particularly clircctcd to hluable organisms in the naso pharnyx and cerebro- 
Spinal ^ui(i of acute cases/ i 

With regard to the question oi liltrabJe orgauisin.s t ludwct s ami O harrcll 
have performed an experiment of tins nature with a iresh t fiehio-spinal fliiid, 

but the result was negative. - p . j • 

With regard to the meningococcus being the causati\ e tai tor in ('pKleniic 
cerebro-spinal meningitis, the above observations make it siilficiently deai 
that it has been regularly found in the cerebro-spinal lluitl ol iieisons suifciing 
from the disease, and that it lias been found in the blood ami also in the urine 
when looked for at the correct time or in suitable infcelions. 1 1 is also generally 
present in the naso-pharynx of the eases, and was louiul by Sophian, W esten- 
hofier, and others in such complications as arthritis, ])yelilis, ])n<. umonia, endo- 
carditis, and in purulent conjunctivitis Irom a \'irulent c ase ul the disease. 

Epidemiological studies easily convince anyone assoc dated with the di.seasc 
that some contagion can at times jiass from the sick to the healthy, causing 
an attack of the disease, and, moreover, as we have ])oint(.-d out abo\ e, many 
of the contacts sliow the meningococcus. It is true that, as a ride, but few 
attendants on cases acquire the disease, though there are niarkcci exccjitions. 

It is also true that the accidental infection bv idieier of his own nose with a 


culture from the laboratory produced a severe rhinitis, but lie did not de\’(*lop 
meningitis, and one of us accidentally infected his thumb from some cultures, 
with the result that haemorrhagic granulation tissue iormed Iroin which the 
germ was recovered, cultivated, and tested biochemically, and agrcncl with the 
meningococcus in these details. Although the lymjihatic glands enlarged 
and a mild chronic fever lasting for months ensued, with almost constant 
and sometimes very severe headache, no meningitic symptoms developed, 
although the opsonic index varied from o-8 to 1*3, until meningoc oeeal vaccine 
therapy cured the condition. 

In the first case it is possible that the coccus never got into the system, and 
in the second that it never entered the blood -stream, and hence the lack of 
meningeal infection. 

Turning now from man to expcrimenls upon animals, von Lingelsheim and 
Leuchs, iollowcd by Jdexner in rejiorted successlul inocidatioiis ol 

monkeys subdu rally. J'liey were followed in 1908 by M’Donald, liul neither 
he nor Davis in 1905, nor any of the above experimenters, were able to infect 
animals liy injections into the blood-stream, although M'Donald produi ed 
an acute toxaemia by this method, uor were Kolle and Wassermann or Davis 
able to reproduce the disease in the same animals via the nost‘. hdser and 
liuntoon consider that the value of these exjicrimenls is questionable when the 
peculiar affinity of the meningococcus for the leptomeningcs is taken into 
account. They point out that other organisms injected subdurally will cansi* 
a meningitis, but no other common jiathogenic organism shows a similar 
selective action for the meninges of man. 

Further, it is to be remarked that Bettencourt and I''ran9a and Kolle and 
Wassermann were unable to infect monkeys even by means of subdural 
injections, and this has happened to us both with fresh ecrebro-spinal Iluid 
from which growths were subsequently obtained and with cultures, although 
we have also had successes. 

Only Councilman, Mallory, and Wright have succeeded in infec ting a goat 
when dealing with the true meningococcus, and Vansteenberghe and Gryscz 
produced meningitis in rabbits and guinea-pigs, but it seems to us to be doubt- 
ful whether they worked with a true meningococcus. 

We have been unable to peruse Flexner’s original papers, but according to 
Batten the general circulation became infected in his monkeys. 
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We shall give below reasons why carriers do not become infected, and it 
is possible that nionkeys may be resistant except when damaged by an opera- 
tion like trephining or otherwise below par; moreover, the meningococcus is 
often damaged in the drawn fluid and degenerated on cultivation, for we have 
seen it fail to infect a monkey after five generations of growth of the same 
organism which was infective during the second generation. 

We now turn to inquire in what way the human body reacts to the organism. 
Davis showed in jgoj that at the end of the first week agglutination up to 
I in 50 could be obtained, and in the eighth week up to i in 200, and pointer^ 
out that the agglutinins were thermostable, resisting a temperature of 65° C. 
for an hour, wliile they appear to be practically absent from the cerebro- 
spinal fluid, but many observers, including ourselves, have found this test 
uncertain. 

Davis in i<>)5 showed thr i the coccus multiplied in two normal defibrinated 
bloods, but in lour bloods it was killed, as it was by the blood fiom 

patients after the tenth day. He noted that the meningococcidal power of 
the blood serum of patients which s“e.!ied to be greater than that of normal 
blood serum was diminished by heating to 60° C. for thirty minutes. He 
found that the phagocytic index was 13 tor normal human serum, o for serum 
heated to 60° C. for thirty minutc'S, wliile in meningitic serum from cases 
between the second and seventh week of convalescence it was ii*i. Normal 
cerebro-s])inal lluul did not contain opsonins. 

Houston and Rankin in 1907 found that opsonins were exceedingly low in 
normal serum, and lower still in cerebro-spinal fluid, while in cases from the 
sixth day onwards they rose remarkably, except in two fatal cases, while in 
one relapse the rise was postponed till the eleventh day. 

MacGregor observed that the highest indices occur in the second and third 
week of the ilisease, but that the degree of immunity after recovery, as 
measured by the ojisonic index, was variable, and concluded that a high 
opsonic index was a sign of forcible reaction to a fairly severe infection. 

Meakers and Dopter have shown the presence of immune bodies in the blood 
of meningitic iialieiits by means of comjdcnient-fixation, and McKenzie and 
Martin have also demonstrated the presence of these bodies by injecting the 
serum of recovered cases intraspimdly into other acute cases with fair results. 
It would therefore appear that immune bodies arc formed in patients’ systems, 
which is in support of the causal action of the meningococcus. 

We now turn to see whether specific serum treatment and vaccine therapy 
will lielp the problem. 

With regard to the serum treatment, lochmann in 1905 experimented with 
a s})ecific' immune serum which was afti'rwards manufactured by Merck. He 
testi'd his sc'rum by the opsonic test, the bact(‘ricidal test, and by agglutina- 

ivolle and Wassermann also made an immune serum upon which they 
r('])ort((l in 1907. 

in 1906 Jdexner wrote upon a s])ecilic serum which protected monkeys and 
small animals. Rater this serum was made from immunized horses, and has 

been extensively used. . . 1 n 1 

With regard to vaccine treatment, Davis in 1907 was the first to inject killed 
meningococci into normal per.sons and into patients suffering from the disease, 
and Collis in 1 9 1 3 tried specific scrum treatment together with vaccine therapy. 
In the same year Sojihian reported on his experimental inoculation of eleven 
medical students, and eleven months after these inoculations Merck re-tcstetl 
eight of them, comparing the results witli those of a normal person and a 
recently recovered case, and concliuleil that a person so vocciyictifd ituiy consider 
himself to he immune for at least one year. 

In October, 1915, Surgeon-General Rolleston reported upon sixteen cases of 
vaccine treatment with "four deaths and twelve recoveries; the vaccine, how- 
ever, was never used alone, but combined with serum treatment in some form 
or with soamin. In his report lumbar puncture alone in thirteen cases re- 
sulted in four deaths and nine recoveries, serum intratht^ally alone forty- 
three deaths and nineteen recoveries, or alone and combined with vaccine, 
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soamin, or liexamine, sixty-four deaths and forty-one recoveries, while symp- 
tomatic treatment gave ten deaths and four recoveries. 

In 1916 Chalmers and O’Farrell, studying an outbreak of cerebro-spinal 
meningitis in the Anglo- Egyptian Sudan, came to the following con- 
clusions 

1. The important causal agent is Neisseria intracellularis (Weichselbaum, 
1887), and only once has Diplococcus crassus von Lingelshcim, 1906, been 
found acting in this capacity, and so far no other organism. 

2. Only man has been found to be the host of Neisseria intracellularis, and 
he acts in this capacity as the true carrier of the germ, and as such does not 
acquire the disease because of an immunity conferred by autovaccinalion. 

3. In order to acquire the disease, two factors at least are required, viz.; — 

{a) infection with Neisseria intracellularis. 

[b] Lack of capability on the part of the body to produce the necessary 
immunity. 

The infection takes place from the nose of a carrier or a case to the nose of 
an uninfected person, and is favoured by overcrowding and bad ventilation, 
ihe lack of power to produce the necessary immunity is favoured by poor and 
insulheient food, bad hygienic conditions, and over-exertion. 

4. in susceptible persons the germ passes into the mucous membrane of 
the nose and of its connected cells, and multiplies therein, and then entering 
the blood-stream forms in the early days of the disease a bacteriaemia. 
Normally, however, it does not long remain in the blood-stream, and therefore 
normally does not produce a prolonged septicaemia, which, when present, should 
be considered as a complication. Apparently the organism is strongly 
attracted to the cerebro-spinal fluid, into which it quickly passes via the 
chorokl plexus of the lateral ventricle, and perhaps other vascular structures 
of the brain and spinal cord, and so causes the disease. 

The reason why the cocci as a rule do not pass in relays day after day from 
the mucous membrane of the nose into the blood is because the patient is 
either dead or tlic resistance is raised in a short lime, but if this resistance 
again becomes lowered it is jiossible that relays may again pass from the nosi , 
and in this way a i elapse or recurrent attack ensues. 

5. There are vai ious strains of N cisseria inlraccllularis, ^LTit] to be successful 
in treatment a polyvalent scrum and a polyvalent vaccine made from local strains 
are necessary, Vac( ine alone will cure many cases, but recpiires time to act, 
which may not be available, and hence the value of the scrum in such cases, 
es])ecially when followed by subseciuent vaccine therapy. 

(). Projihylaxis (k‘])encls upon:— - 

(a) ihe search ior, isolatk)n of, an<l treatment of cases and carriers, and here 
vaccine therajiy is ol use in hel])ing to cleanse cases and carriers, 

[b) Ihe increase of the immunity of the general populatior, which can prob- 
ably be clone by prophylactic vaccination in doses of 5, y), and 100 millions, 
but further experience is required of this when given on a large scale. There 
is little doubt that a negative phase is produced, at all events at times, in the 
first stagc.s ol this vaccination, and this may possibly be aggravated by fear, 
poor or insuUieient food, and bad hygiene, italso appealed to them that vaccine 
})rc)])hylaxis ought to be tried on a large scale, as it causes no general or local 
synq)toins il the germs arc killed at 50° C., and the vaccine is aseptic and 
isotonic with the Iluids of the body, and if the. site of injection is the subcutane- 
ous tissue just below the angle of the scapula, wldch in their ojiinion is the best 
place lor prophylactic and other subcutaneous injections. 

7. there are a great many questions withregard to epidemic ct^rebro-spinal 
meningitis wdiich are at present unsolved, and one of the most important 
appears to be the question as to whether any animal or animals act as hosts 
of the germ. 

In 1917 the Medical Research Committee of the National Health Insurance 
issued a report on bacteriological studies, and in 1918 upon scrum treatment 
in connection wdth the disease. 

etiology .— 1 he causal agent in the large proportion of cases is Neisseria 
intracellularis (common name; meningococcus) or one of its immediate allies. 
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It lives in the naso-pharynx of healthy people whose opsonic index for the 
germ is abnormally liigh, and it passes from these carriers to healthy people, 
who may, according to their resistance, become carriers, temporary or per- 
manent, of the germ, or victims to the disease. 

Its aetiological relationship depends upon : — 

1. Its presence in all cases of the true epidemic disease. 

2. Its pure culture from these cases, and the reproduction of the disease in 
monkeys by inoculation of cultures. 

3. The sera of persons suffering from the disease can agglutinate and give 
positive complement-fixation with meningococci obtained from other patients. 

4. It produces a protective mechanism in carriers which is lac king in sus- 
ceptible persons. 

Pathology, — The meningococcus appears to enter the bl( od via Hit mucosa 
of the nose and air sinuses, but it quickly leaves this fluid and enlcrs Ihe 
cerebro-ipinal fluid via the choroid plexuses, and pe]hcij)s liy other iculcs. 
Arrived in the cercbro-spinal fluid, it causes a cercbio-tpii.al nunii gitis. 

Morbid Anatomy. — In fulminating infections mcningilis is abicrl, ai d lillie 
is to be seen beyond haemorrhages in various parts; while the cerebral vessels 
are intensely congested and the perivascular subarachnoid spaces show 
scattered patches ol pus. 

In ordinary fatal c ases there is considerable amount of purulent exudate 
in the subarachnoid, the most intense being over the uppermost part of the 
vertex. 

In chronic cases there may be but little sign ol pus and no vascular conges- 
tion, but the ventricles are distended by a quantity of fluid, the pressure of 
which causes flattening of the convolutions. 

Symptomatology — General Remarks .- — As seen in the tropics the disease is 
of sudden onset, with or without a rigor, but with marked headache, 
vomiting, and fever. The next day there is often some remission in the 
symptoms, but with stiffness in the muscles of the neck and sometimes 
Kernig’s sign. On the third day vomiting returns, with headache ai.d a 
condition of resistant stupor, retraction of the head and Kernig's sign, ai.d 
from this time onwards the symptoms in fatal cases go from bad to worse, and 
the patient dies within four to six days of the commencement of the attack. 
If the case is to recover, the symptoms begin to abate about the seventh to 
eighth day, the temperature falls to normal, and convalescence begins. 

Slightly fuller details of this usual type may be given. 

I ncubation Period . — Judging by persons who have left an uninfected area, 
visited an infected and returned to the uninfected area, the incubation period 
is short, varying from two to five days, and more usually about four days; 
but there are obvious fallacies in this calculation, and it may perhaps be better 
to admit that the length of time of the incubation period is only approximately 
known. 

Attack . — The onset is sudden and may begin with a rigor in an adult or 
convulsions in a child, but these may be absent. The patient feels very ill 
and exhibits three so-called cardinal symptoms — viz., fever rising to 102° to 
104° F., vomiting, marked headache, which may be associated with severe 
giddiness. As the first day progresses there may be pain and stiffness in the 
neck and some retraction of the head. If the blood be examined at this early 
stage of the disease, only a moderate amount of leucocytosis, amounting to 
about 10,000 cells per cubic millimetre, will be found, while the differential 
count will show an enormous preponderance of polymorphonuclear leucocytes, 
amounting to over 90 per cent, in some cases. 

Blood cultures are usually very successful at this early stage of the disease, 
but not later in uncomplicated cases. By direct examination of blood films 
Gram-negative diplococci can be seen in about i per cent, of the polymorpho- 
nuclear leucocytes examined, while a very few similar organisms may be 
found outside the cells. Even at this early stage of the disease the cerebro- 
spinal fluid is usually more or less turbid, and shows a variable number of 
white cells, which may amount to 20,000-30,000 per cubic millimetre, and of 
which some 98 per cent, are polymorphonuclear leucocytes, while the remain- 
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ing 2 per cent, are generally mononuclears. As the day goes on there may be 
pains in the limbs and some slight catarrhal symptoms in the nose and throat. 

Slight Remission. — On the second day there is often, but not always, a 
slight remission of the symptoms, which may be assigned to the treatment, 
but which is really part of the disease. 

Course. — On the third day, if there has been some slight remission the 
symptoms all return, as violent as before, the temperature continues to be 
high, but the pulse varies — it may be quick or it may be slow — the respirations 
are irregular, vomiting returns, and there is an intolerance of light and noif e, 
while the stiffness of the neck, the retraction of the head, and Kernig’s sign, 
become well marked, and headache, insomnia, restlessness, and delirium 
may be present, or the patient may be huddled up in a state of resistant stupor , 
from which he can be temporarily roused. 

This is about the time at which a rash should appear, but this must I e 
extremely rare in the tropics, as we have never yet met with it in this ordinary 
acute type of the illness. Flushing may be present and herpes of the lips 
may develop, but the petechial rash is extremely rare. The leucocytosis is 
now more marked. 

Terminattions. — During the fourth and fifth days death is not uncommon, 
but the symptoms may persist and death occur later on, somewhere about 
the sixth to eighth day or later; the temperature may decline, the symptoms 
abate, and the ])aticnt become convalescent. 

Varieties. — Such is the common course of the disease, but there are other 
types — e.g., the fulminating ty])C, .spotted fever type, chronic type, abortive 
type, infantile tyj^c. 

The P'ulminating or Septiccemic Type is associated with a sudden attack, 
rapid development of coma, and death in a few liours. It is often associated 
with a purpuric rash, with petechial or large hannorrhages. The cerebro- 
spinal fluid may be quite clear when first examined, but it contains a number 
of meningococci, and in a few hours has a typical appearance and shows poly- 
morphonuclear leu( ocytes. 

LJ.s’ially by the time death has taken place there is sufficient c^ddcncc of pus 
at the vertex of the brain to support the diagnosis, even without mieroscopieal 
e.xami nation. There are, however, cases which die before this pus is formed, 
and then the brain and me!iingcs arc congested, but the pia mater at the base 
shows patches of clondine.ss due to pus cells. 

Spitted Tever Type. — Somewhere between the first and the fifth day 
gcne: alizcd petechial eruption may appear, which is most marked on the inner 
side of the knee, but it may also be found wherever there is pressure — c.g., 
the great ti'oclianter, the points of the shoulder, etc. It is a sign of severe 
loxieniia, and when exaggerated becomes the purpuric rash. Other rashes 
macular rash ap])ears at times after the second day. It comes out 
in one croji, and is seen on the lower ])art of the abdomen and the thighs, but 
may occ nr on the forearms, legs, hands, or feet. 

A fugitive erythema or blush has already been mentioned. 

Chronic Type, -T\w acute symptoms of an attack ])ass away, the tem]Hra- 
ture may become normal, but the ])atient does not improve, and fever of an 
irregular type may or may not return, while opisthotonus may occur, wasting 
set in, and the ])atient slowly die of exhaustion, the amount of ('erebro-s])inal 
llukl obtained iiy ])uncture becoming less and less and thicker and thicker 
as time jiasses on. 

Abortive / ypc. — These are cases which, though beginning with the ordinary 
symptoms, undergo the remission on the second day, are much better on the 
third day, and convah'.si ent on the fourth day or thereabouts. 

InfiinHle lype. — this is the so-called cervical opisthotonus of infants, a 
symptom which is en evidence by the fourth day, while as a rule there is little 
or no fever, but considerable and progressive wasting and marked vomiting. 

It is chronic and has a high mortality, death commonly ensuing in four to 
six weeks after the onset. 

Mimicry. — At times the disease imitates enteric fever, broncho-pneumonia, 
gastro-enteritis, or rheumatic fever. 
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Relapse*.— These are not nncoihmon, and ate ffiSd in type. 

SdilUBlO. There is usually some permanent damage to the nervous system 
in cases which recover. 

Diagnosis* — The cardinal early signs are: — (i) The sudden onset; (2) the 
headache and sense of general illness; (3) the vomiting; (4) the fever; (5) stiff- 
ness in the neck muscles ; (6) the presence of the meningococcus in the cerebro- 
spinal fluid as obtained by lumbar puncture. 

The Diffevential Diagnosis has to be made from malaria, relapsing fever, 
typhus, enteric, influenza, and pneumonia. 

From malaria it can be recognized by th<; absence of the leucopenia, the 
presence of the leucocytosis, and the absenc e of malarial parasites from the 
blood, as well as the absence of a large spleen. It may, however, occur in a 
malarial subject, but the leucocytosis will be present. 

From relapsing fever it can be separated in the early stages by a blood ex- 
amination revealing the absence of spirochaetes. 

From typhus it can be distinguished by the vomiting, by the stiffness in 
the neck, and Kernig’s sign. 

From enteric it may be diagnosed by the headache and delirium occurring 
together, by the rigidity of the neck, Kernig’s sign, and lumbar puncture. 

From influenza it may be differentiated by Kernig’s sign and by lumbar 
puncture, which may relie \e some of the symptoms of a cercl al influenza. 

lb*om pneumonia by the irregular pulse-rate, the presence of Kernig’s sign, 
and the absence of those of consolidation of the lungs. 

Prognosis. — This is always serious — firstly, quoad vitam ; secondly, with 
regard to after-effects. 

'Treatment. — Systematic daily lumbar |)uncture, with the withdrawal of a 
few cubic centimetres of cercliro-spinal fluid and the intrathecal injection of 
anti- meningococcal serum, in cpiantity to be judged by the amount of cerebro- 
spinal fluid withdrawn at the time and by the blood -pressure and ])ulsc-rate. 

In cases where tlie ])us is very thick an attempt to wath the spinal canal by 
intrathecal injections of warm sterile saline, followed by serum injections, may 
be tried . 

In chronic cases or relftpses vaccine therapy may be attempted. 

Symptomatic treatment and careful nursing are also recpiirtd. 

Prophylaxis.-“The proper method in prophylaxis is to avoid overcrowding, 
bad hygiene, and to provide ample space, good ventilation, and ample and 
good food for a community. When an attack has begun the sick and Iheir 
attendants should be isolated, or the attendants should be constantly examined 
bacteriologically and have systematic navSo-])haryngeal disinfection. 

Contacts should be isolated and examined l)aeteriologic ally on three separate 
occasions, and have the naso-pharynx disinfected. 

A search for carriers should be made in the immediate neighbourhood of the 
patient, and these carriers should be isolated and treated. 

The nose and fauces should be sprayed with a solution of i per cent, iodine, 
2 per cent, menthol in parolin, or if this is too expensive with J per cent, 
watery solution of formalin, which may be sniffed into the nose if an instru- 
ment is too expensive. This solution of formalin is especially useful for 
natives; it is rather too strong for Europeans. 

If this fails and the carriers l>e isolated and placed under improved sanitary 
and dietetic conditions, vaccine treatment is beneficial, and may succeed when 
under other conditions the natural vaccination of contained organiims will 
fail. General vaccination of the population may be tried, but it is not certain 
as yet whether it will be successful or not, as 'the application so far has been 
limited. 

THE EXANTHEMATA. 

Scarlet fever has often been introduced into the tropics, but it docs rot 
spread. Thus we have seen cases introduced into Colombo from the steamers, 
but there has never been an epidemic of scarlet fever in that town to our 
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knowledge, nor have we seen an indigenous case. The tropical practitioner 
should be careful not to mistake for true scarlet fever, cases of scarlet fever- 
like eruptions such as erythema scarlaiiniforme. 

Measles is endemic in most tropical countries, but differs in no iinporlanl 
details as a rule from the same disease in the Temperate Zone, except that 
when first introduced into Fiji it gave rise to a severe epidemic, and is still 
severe in Oceania. 



Fig. 678. — Chickkn-Pox: Fifth Day of the Eruption. 


Chicken-pox in the tropics is very often a disease of the adult, being most 
common in India in February to March. The majority of the cases are mild, 
but some arc' severe, and there may be great difficulty in diagnosing chicken- 
pox from smallpox. Varicella cannot be transmitted to man very readily by 
inoculalion. Rabbits’ cornea can be inoculated, and fine granulations have 
betm described by several observers in the epithelial cells, which may be early 
stages of a cytoryctes arrested in its development, whicli would support the 
people who believe the two diseases to be closely allied. 


VARIOLA. 

Synonyms. — Smallpox. French, La petite verole; Italian, Vajuolo; German, 
Blattern; Spanish, Viruelas; Arabic, Jadari. 

Definition. — Variola is an acute specific fever of unknown causation spread 
by various agencies, but especially by air, and characterized by a more or 
less general eruption passing through the stages of papule, vesicle, pustule, 
crust, and often scar. 

History . — There can be no doubt of the great antiquity of the occurrence 
of smallpox in India and Africa, but whether it arose de novo in these two 
centres we cannot say, but there is a suspicion that there are two varieties of 
the disease — viz., the ordinary smallpox, which may have had its origin in 
India and spread to Europe, and so to America, and later to the islands of 
Oceania; and an African variety variously known as South African Amaas, 
or milk-pox, which may have been imported by the negro slaves into the West 
Indies, where it is called West Indian modified smallpox. Apart, however, 
from conjectures of this nature, there are the facts that in India there was a 
special worship defined in the Atharvaveda, and there were special prayers 
to be said by the Brahmins when performing the operation of inoculation 
of smallpox virus. References in the Charaka-Saihhita and the Susruta- 
Samhit^ make it almost certain that the disease was well known when they 
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were written. It would appear that the disease was introduced into China 
perhaps from India, in the course of the third century b.c. 

Equally ancient is the evidence of the existence 01 smallpox in Africa, for 
Riiiler and Ferguson have found an eruption on the skin of a mummy belong- 
ing to the period of the twenty-eighth dynasty (1200-1100 b.c.), which they 
believe to be suggestive of smallpox, and it is quite possible that there has 
existed from time immcmorable an endemic focus in Africa, perhaps in Central 
Africa. 

From these two foci in Asia and Africa it would appear probable that the 
disease has spread all over the world. With its introduction and spread in 
Europe wc are not ( oncerncKl, but with that into America a few remarks must 
be made, as it is very interesting. It would appear not to have been known in 
America until after the advent of the Spaviar Is ; it is first recorded as occurring 
in the West Indies in the year i 5 ^^ 7 » when it was introcUiccxl from Europe, 
as has happened cjn many o ccasions since — c.g., into Chili in 1554 — also by 
the agency of the Span:''»'ds. 

More interesting than this is the fact that it is recorded that importations 
of slaves from Afri( a were often followf^d by the appearance of the disease — 
as, for example, in Brazil, where, according to Piso,it appeared in 1560, being 
introduced in tliis manner. 

With regard to Oceania, it has been introduced from A.sia or America at 
various times — as, for exanqde, Australia in 1838, from China to Sydney; the 
Hawaiian Islands in 1853, from San Francisco to llonolul ; while New Cala- 
donia became infected in 185^), and Marquesas in 1863. 

To-day the disease is widespread all over the world, but is espcciall}^ common 
in the tropics, where institutes for the preparation of calf-lymph are urgently 
required in order that efficient vaccination, the only method of keeping the 
disease in check, may be successfully carried out. 

Climatology. — It is believed that smallpox is perhaps most active at the 
present time in Central Africa, but if Ihis is true certainly some portions of 
tropical Asia must come very nearly equal in cndemicity, and briefly the disease, 
though world-wide in its distribution, is of the utmost importance in the 
tropics. When first introduced among peoples previously unaffected with 
the disease, it wis most virulent — as, for example, its im idence on the Mexi- 
cans and th(‘ North American Indians. 

iGtiology. — -'rile causation is unknown, but various protozoal bodies have 
been described, of which the most important is Cytoryctes variolcp Guarnieri, 
i8q2, minute spherical homogeneous bodies 3 to 4 ^ in diameter, and staining 
well with Romanowsky, when it takes on a chromatin coloration, while 
Councilman and his colleagues have described a complicated life-history 

^^Wliatever the virus may be, it is iisually spread by the air, and enters the 
body by means of the respiratory passages. Cases are on record of the infection 
being probably carried by cotton from Egypt to England, and there starting 
sporadic outbreaks, and this is possible if the cotton was handled by an in- 
fected person. Hence the request for the vaccination and revaccination of 
cotton-workers. 

Symptomatology. — This is described in all books on general medicine, and 
need be only very liricfly repeatt'd here. 

Briefly, a typical attack of discrete smallpox, after an incubation of nine 
to fifteen days, begins with a chill in an r-lult and a convulsion in a child, 
and continues with high fever, severe headache, lumbar pains, and vomiting, 
with or without a scarlatiniform or morbilliform rash on the second day, which 
may be general or local; or haemorrhagic rashes, which are either petechial or 
petechio-erythematous, which appear from the first to the third day. If these 
latter rashes are associated with haemorrhages from the internal organ.s, they 
indicate the onset of haemorrhagic smallpox. Generally the initial stage of 
the disease lasts two days, but it may be shorter and milder than that recorded 
above, or more severe. The peculiar odour of a smallpox case may be noted 
i 1 these early stages. 

The typical rash appears on the second, third, or fourth day as papules on 
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the face, arms, back of the wrists and hands, and, later, on the trunk and 
limbs; and at the same time on the mucosa of the mouth, nose, and throat, and 
more rarely on the vulva, vagina, and rectum . Generally it is more marked on 
the extensor surfaces of the limbs than on the flexor surfaces, and is often most 
marked in areas where there has been pressure. The papules are bright red 
in colour, but this may not be very evident in the dark skin, 2 to 3 millimetres 
in diameter, and have a hard, shotty feeling. As the rash comes out the 
temperature falls, and the initial symptoms improve. On the fifth to sixth 
day the ])a]mles become umbilicated vesicles, which turn into pustules when 
the umbilication disappears, and a surrounding areola of injection appears. 
During the maturation of the pustules the secondary fever appears, and the 
eyelids become swollen and closed. In the discrete form the fever disappears 
by the tenth to eleventh day, and conviilescence sets in. 

The coniliicnt type of smallpox is more severe than in the above, and presents 
much less didiculty in its recognition, and need not be described. 

Varieties. — There are, however, two varieties which arc of importance in 
the troj)ics — viz., variola hacmorrhagica and varioloid — and these must be 
mentioned a t greater length. 



h'lG. 679 . — Smalliox. 

(From a photograph by Balfour.) 


Variola IliEMORRHACiCA. - llaunorrhagic small])ox is, or was, by ro means 
rare in Alrica, and is met with in Asia, though by no means so frequcmtly. 

Thi're are two varieties: Purpura variolosa and Variola limrorrhagica 
piistnlosa. 

Purpura Variolosa. This variety commences with the same symptoms as 
ordinaiy smallpox, but they arc much more severe. The ftver is rot (on- 
siderable, ami may be below 100° F., but the pains in the body, especially the 
backache, is very severe, and the vomiting may be very persistent and asso- 
ciiited with severe ej igastric pain. The pulse and the respirations are both 
much increased in ficquency. At the end of the second or the beginning of 
the third day an erythematous rash appears in some part of the body, very 
often in the groins and flexure of the joints, but it may be absent, or it may 
extend and become general. At the same time and in the same places appear 
red and purple petechiae, and about the same time subconjunctival ha morrhages 
in one or both eyes, while purple spots appear on the forehead, eyelids and 
face, and ecchymotic areas in various parts of the skin, and also on the tongue 
and pharynx. The patient now becomes pale and ar£Emic, except where the 
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blotches are situate, and bleeding occurs from the mucous membranes and 
internal organs, 01 winch the most common are oozing from the gums and 
haematuria, but epistaxis, hiematemcsis, haemoptysis, melaena, and metror- 
rhagia, may one or all be present. Kven retinal haemorrhages may occur. 

The tempeiature is now below normal, the patient is restless, with often 
a sensation of weight in the praecordium. The pulse is now so'^t and com- 
pressible. Sordes form on the gums, and the patient dies on the third to 
sixth day, with a clear mind and often without any sign of the typical smallpox 
eruption. 

PuTpuya variolosa fulyninans» ~~VftVY rarely the disease is more severe, with 
a temperature of J05 h . or more, associated with delirium, coma, and collapse, 
and followed by death in a few hours without any signs of external haemorrhage. 

Variola hemorrhagica pustulosa, — in this variety the initial symptoms are 
severe, and delirium sets in early. Haemorrhages appear from and under 
the mucous membranes and under the skin, and at the same time the typical 
smallpox eruption appears, into which blood also passes. The symp+oms 
resemble those of confluent smallpox, with the addition of haemorrhages. 

A milder form is when the haemorrhage occurs only into the; eruption, and 
may or may not be associated with haematuria and some bleeding from the 
mouth. 

Varioloid. — Repeated vaccination is an excellent protective against small- 
pox, but if the disease does appear in a person who has been several times 
vaccinated, it is remarkably modified and is most difficult to recognize. 
Epidemics have been known to show such a mild type that the disease was 
mistaken for a length of time for chicken-pox, and have also been considered 
to be due to a new form of disease, to which such names as ‘ Cuban itch ’ and 
‘ Philippine itch ’ have been given. Indeed, such epidemics have in some 
cases not been recognized until a fatal case has occurred ; and Osier and McCrac 
have recorded a small outbreak in one of their wards for coloured patients in 
which the disease was at first mistaken for chicken-pox. 

The varieties of ‘ Varioloid ' are numerous. In the first place, there may be 
no eruption, and the usual initial symptoms may be .slight, or they may be 
severe and accompanied by an erythema, but all symptoms disappear by 
the third or fourth day. 

In other cases the disease begins with the usual symptoms, but at the end 
of tlic first day a few maculae appear, which become vesicles in another twenty- 
four hours, wlicn the constitutional symptoms begin to abate, and are full 
grown in about three to four days, when they arc seen to be conical vesicles, 
often witliout any depression, surrounded by a very faint red line. On the 
third to fourth day they become somewhat opacpie, and then shrink and 
desiccate, forming small dry prominences on the skin, which finally descpia- 
mate, and the patien t is convalescent. In other cases a few vesicles may become 
pustules by the sixth day of the eruption, which dry up and cast off their 
crusts in about a week. 

Diagnosis. — I'he headache, the severe backache, the e})igastric pain, the 
vomiting, the high temperature, and the rapid pulse, associated with an 
erythematous or petechial eruption on the abdomino-crural region, are 
important factors. The erythema, however, is apt to be irregularly dis- 
tributed in blotclu s, but it docs not affect the face. The petechial eruption is 
usually found aboTit the flexures of the joints as small bright red petechia*. 
Any acute febrile di.sorder associated with purpura should be suspected as 
being probably variola. 

The ty]hcal eruption comes out on the second or third day of the illness as 
hard shotty ])apules on the forehead, face, arms, and legs, which have become 
papulo- vesicles and pustular, presenting umbilication, and not flattening on 
pricking. 

From Varicella . — The first point in the differential diagnosis between 
smallpox and chicken-pox is to remember that it is very difficult, and that the 
most distinguished physicians have owned to not one mistake, but a series. 
No one point of absolute diagnostic value can be given, but the following 
table will indicate some of the ])oints; — 
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Sign oy SymptoM. j Chicken-pox. SyncLllpoy. 

Initial symptoms .. | Absent as a rule, but may Usually well marked, but 

resemble smallpox. may be absent. 

Temperature . . Docs not fall with the Falls with the appearance 
appearance of the rash. of the rash. 

Situation of rash . . Most marked on the i Most marked on the face 
trunk. and limbs. 

Vesicles .. .. Develop in twelve to j Papules hard and shotty; 

twenty-four hours; are are slow in developing; 

rarely umbilicated ; col- ' vesico-pustulcs are more 

lapse on pricking; all ' commonly umbilicated; 

stages,papules, vesicles, crui^tion more uniform, 

and flattened scabbing, j and the scabbing margin 

puckered pocks, appear ; is not puckered, 
together. , 


From Measles . — The diagnosis from measles may be made as follows; — 


Sign or Symptom. 

Measles. 

Smallpox. 

Catarrhal symptoms 

Lachrymation, coryza, 
cough present from the 
beginning and marked. 

\ Usually absent, but there 

1 may be some conjunc- 

1 tival effusion. 

Filatow or Koplik's 
spots 

Usually present. 

Absent. 

Fruption 

Appears on the third to 
iourth day as minute 

Initial measly eruption on 
the first or second day 


])ink papules behind 
the ears, on the fore- 
head, chin, checks, 
neck, limbs, and chest. 
Papules not hard or 

on face, trunk, and 
limbs simultaneously. 
If partial, appears in 
the abdomino - crural 
area. Papules hard and 

'rem])cratnre 

sliotty. 

shotty. 

Reaclu'S its height with 
the appc'arance of the 
rash. 

Falls with the a])})earan(e 
of the rash. 


hrom 1 njluoHza , etc. — In German measles the initial severe symptoms arc- 
absent, and in the fourth disease the face is free, while in influenza the typical 
eruption fails to apj)ear. 

From Typhus.— '['\w diagnostic features are: — 


Sign or Symptom. Typhus. Smallpox. 

Frytliema . . Appears on the third to Appears on the first or 

' fourthday of the illness. second day of the illness. 

Typical eruption Tetechial. Appearsonihe Papiilo-pustular. Appears 
fourth or fifth day, and on the third or fourth 

; is rarely seen on the day, and is common on 

! face. the face. 
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From Hcemoyrhagic Diseases. — Any case of high fever of an acute nature 
associated with purpura may be smallpox, it is extremely difficult to separate 
haemorrhagic measles and scarlet fever from haemorrhagic smallpox, but in 
the former diseases there is not so much bleeding from the mucous membranes. 
The isolation for sixteen days and vaccination of all contacts, and the isolation 
of the sick are the most important. 

Prophylaxis. — As smallpox is endemic in nearly all tropical countries, it is 
important that the natives should be taught concerning it, and the fact that 
vaccination is an excellent prophylactic measure, and this should be done by 
verbal instruction and by vernacular pamphlets, if possible illustrated ; in 
this way the native prejudices, which are usually not strong, must be overcome. 
Secondly, vaccination should be made compulsory by law; and^ thirdly, a 
vaccine service should be established. This vaccine service should consist 
of an institute for the preparation of lymph, with a reliable man to make the 
lymph, an inspector of vaccination, or more, according to the needs of the 
country, and a series of native vaccinators. 

ALASTRIM. 

Synonyms. — African, Varioloid varicella, Auiaas, Kaffir milk-pox; ^ merican , 
West Indian modified smallpox. Epidemic varioloid varicella; perhaps Pseudo- 
smallpox (Kersten), Sanaga smallpox (Plehn). 

Definition.— An acute specific lever resembling in all its symptoms and 
pathological appearances a mild form of variola. 

History. — As already stated m the history of smallpox, there is a possibility 
that there were originally two distinct endemic foci of variola — viz., Asia and 
Africa — and thereJore, bearing in mind the different varieties of relapsing 
fever, it is hardly surprising that there should be at least two varieties of 
smallpox, even though the clinical symptoms are similar, and Guarnieri's 
bodies are found in both. Moreover, the disease is known in Africa and 
America, and there is no reason why it should not occur also in Asia when the 
considerable intercommunication between India, Ceylon, and China, with 
Africa, is considered. One of the earliest descriptions is by Anderson, in 
1866, of an epidemic in 1865 in Jamaica, and there was another epidemic 
described by Dickson and Lasselle in 1903, while Korte gave an account of 
amaas, or Kaffir milk-pox, in 1904. In 1905 Welch and Schamberg gave an 
account of it in their work on ‘Acute Contagious Diseases' in 1908; Scheult 
described it as seen in Trinidad from 1902 to 1904; while Grant, in 1910, 
described ‘ amaas* as seen in South Africa; and in the same year Ribas 
describes it as seen in Brazil in 1909, and Carini as seen in the States of St. 
Paul, Minas, and Parana. 

iStiology. — The causation would appear to be the same as that of ordinary 
smallpox, as it is generally agreed that Jenner's vaccination is protective, and 
Guarnieri bodies have been found, and the classical reaction in the inoculated 
cornea of the rabbit has been produced ; after sixty hours the Guarnieri bodies 
have been recovered from the cornea, but it would appear to be due to an 
attenuated virus. 

The question which has been muc h debated is whether it is smallpox, 
chicken-pox, or a new disease halfway between the two. In the first place, 
there arc still some persons who disbelieve in the difference between variola 
and varicella, but their objection is usually disregarded. In the second place, 
alastrim difiers from varicella because of — 

1 . Confluence of the vesicles in certain cases. 

2. Its frequency among adults. 

3. The partial protection by Jenner’s vaccine. 

It differs from variola vera by— “ 

1. Its low mortality (i to 2 per cent.). 

2. Because it is less severe in children than in adults, and is often found 
among babies, in whom the vesicles are often small. 
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3. There is no secondary fever in children. 

4. Though Jenner's vaccine is in some degree protective, the disease can 

occur after recent successlul vaccination. 

5. Jenner’s vaccination can be successfully carried out shortly alter an 

attack of alas trim. . 

6. According to some authorities, an attack of smallpox does give a lasting 

immunity to alastrim. ,.rr . r 

Provisionally we may conclude that it is probably a slightly different lorm 
of disease from true variola. . . 

Symptomatology. — It begins with high fever, severe pains, and vomiting, 
with very often delirium. The rash comes out on the third day, when the 



Fig. 680.— Alastkim. (After Kibas.) 


temperature descends, the symptoms disappear, and the patient feels .so well 
that he may resume his ordinary avocations. Secondary lever is usually 
absent, especially in chililren, but may occur about the eiglith day. Papules 
become pustules and scabs, and these drop off, leaving little scarring, but 
only pigmentation. 

Complications. — llamion hagic cases are unknown. 

Mortality. — The death-rate is remarkably low, about i to 2 per cent. 

Prophylaxis. — The usual isolation, quarantine, and vaccination of contacts 
and cases must be adopted. 
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VACCINATION. 

Vaccination from arm to arm is very dangerous in the tropics, as syphilis, 
yaws, relapsing fever, sleeping sickness, etc., may be inoculated. It should 
therefore only be performed when calf-lymph is not available, and only by 
means of children under eight years of age who arc found to be healthy. 
These vaccinifers can be sent to suitable districts if necessary; and if the 
amount of lymph recjuired is considerable, two or three drops of glycerine may 
be placed on the vesicles, which arc then punctured in several places, and the 
mixture used for immediate vaccination. With regard to the systematic wor k, 
lanolated seed-lymph can be obtained from many institutes at present; for 
example, from the Lister Institute in London. 

Preparation of Lymph. — The vaccine institute requires an inoculating-ioom, 
a preparation-room for the lymph, an office, a store-room, a good stable for 
the calves — all of wlijch shouM be rendered flyproof, and should have cement 
lloors and be as cool as possible, and have a good supply of water. The special 
apparatus required arc means for sterilization, Dornig's hand roller machine 
for trituration, and Lntrican's machine, fitled with a small Gcryk pump, for 
filling the tubes, as well as thcordinary glassand other materials of a laboratory. 

The lymph should be obtained as lanolated seed-lymph from a reliable 
institute, and sliould be inoculated into fair-skinned heifers, not into black- 
skinned heifers, which should be specially fed during and after inoculation. 

When tubes of calf-lymph cannot be obtained, monkeys may be directly 
inoculated from cases of variola, and the calves may then be subinoculatcd 
[rom the monkeys, and if calves cannot be obtained rabbits may bo used. 

All animals sboidd be carefully isolated and watched for a week before being 
used for inoculation. During this period the temperature should be taken 
and a tuberculin test a])plied . 

When lymph first arrives in a tropical countr}^ from the temperate zone it 
reciuires to be acclimatized — that is to say, its virulence should be incrcatid 
Dy passing it through about three calves before use, otherwise failures may 
occur. 

The calves are vaccinated on the shaved abdomen, which has been washed 
with soap and sterile water, by linear incisions, about i inch apart, into which 
the lymph is gently and immediately rubbed, and a sterile cloth tied over 
the vaccinated area. No straw should be given for bedding, but a wooden 
grating should be used, and the calf’s head should be secured by two tie-ropes 
to prevent it kicking the inoculated area. 

'flu; lymph may be collected after 96 to 120 hours by first washing the area 
with soap and water, then with sterile water and a sterile gauze mop, and then 
lemoving the contents of the liver vesicles by means of a Volkmann's spoon. 

rile lymph is now weighed and mixed with an equal weight of sterile 
distilled water or glycerine, and after being worked into a paste is triturated 
until it is in an extremely fine condition, and if urgently required is treated 
with a stream of chloroform vapour for fifteen to thirty minutes, after which 
sterile air is bubbled through until no chloroform remains, and another part 
of sterile water and 2 parts of sterile glycerine, or 3 to 5 parts of anhydrous 
lanoline are added. The lymph is now filtered through a special fine sieve into 
test-tubes till nearly filled, and stored in cold climates for four to five weeks 
at a temperature of 15° to 20° C., when rhe number of micro-organisms is 
found to have decreased consideraldy. The chloroform method of purifying 
the lymph is to be preferred in the tropics, as it is much quicker. The tech- 
nique is found in any modern work on the preparation of lymph. 

A bacteriological examination is always necessary, especially to discover 
whether tetanus bacilli are present, and if these are found the lymph must 
be rejected. The lymph must be stored at temperatures at 5® to 10® C.; if 
this precaution is not used the lymph becomes inert very quickly in tropical 
countries. 

The capillary tubes are filled in a vacuum in the Entrican filling- machine, 
and should be tested for vaccine activity before being issued. 
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Lanolated lymph, not being sterile, is more apt to contain a large number 
of micro-organisms. Dried lymph has been placed- upon the market, and 
is now on trial on a large scale. 

In vaccinating natives the left arm should be used about the middle, and 

not near the shoulder. j 

Vaccinia. — The only modifications in vaccinia between the Native and the 
European is the difference produced by the colour of the skin, and the gi cater 
risk of septic sequelae; therefore the area of skin should be carefully cleansed 
before being utilized for vaccination. 

The slight redness and swelling due to the scratches disappear in twenty- 
four hours, while the papules appear on the third to fourth day, and are 
succeeded by the vesicles, which become umbilicatid pustules about the 
eighth to ninth day. These quickly Ticgin to dry in the centre and form 
a scab, which falls off about the fourteenth to twenty-frst day and leaves 
a scar. 


VACCINATION RASHES. 

Generalized Vaccinia. — This eruption is rare, but has been reported upon 
in natives by Hill and Ross in Natal, and by Chalmers and Archibald in the 
Anglo-Egyptian Sudan. It appears some twelve to twenty-two days after 
vaccination, associated with fever, in the form of a generalized papular rash, 
which as a rule comes out during several days. The papules form vesicles 
which become umbilicated, and then the case resembles closely a very mild 
attack of varioloid. The vesicles pass on to pustules, and these to scabs, 
whic h eventually leave small depressed scars. 



Fig. 68i. — Generalized Vaccinia. 


In a typical case the rash appears twelve to twenty-two days after vaccina- 
tion, requires some .six days to reach its full development, and another eight 
days to decline to the stage when the scabs are thrown off and the patient 
is convalescent. 

Localized Gangrenous Vaccinia. — Fortunately this is a very rare disease, 
but has been met in the tropics by Chalmers and Archibald. It occurs in 
cases in which no reasonable precaution has been omitted to guard against 
septicity in the performance of the vaccination, and, indeed, there may be 
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no sign of septic infection in the disease, of which the following is a typical 

During the first three days after vaccination there was nothing to report, 
but on the third day the area became red and swollen, and on the fourth there 
was a number of small vesicles. 

On the fifth, although there was only slight fever, the patient felt ill, while 
some of the vesicles ruptured and discharged their contents. 

On the sixth day the vaccination area was covered by a yellow crust, and 
surrounded by a ring of vesicles and by a congested dark red area measuring 
about I inch in diameter. The temperature on this day did not exceed 102° F, 

On the seventh d ay the crusted area became quite black, and extended until it 
measured some 2 inches in diameter. It was surrounded by a ring of umbilicated 
vesicles and by a dark red border measuring i inch in width, outside of which 
was a light red area of about the same depth. The whole region felt somewhat 
brawny to the touch, and the temperature rose to between 104° and 105° F. 

On the eighth day the condition of the leg may be described as follows : — 

In the centre there lay ^ black slough some 2 inches in diameter, siu roundcd by 
a ring of collapsed vesicles and by a raised dark red border, which, in its turn, 
was surrounded by a purplish area of skin some 3 inches in width, while, finally, 
the whole area was defined by a red zone of about an inch in diametci . On 
this day the temperature did not exceed 103° F., and the patient, felt better, 
though the leg looked worse. 

On the ninth day there was a decided improvement, the ring of vesicles had 
dried and formed a circular scab, the brawny resistance \.as softer and was 
beginning to disappear at the edges. The purple hue was lighter and showed 
signs of becoming reddish in places. The surrounding red area had, however, 
extended down to the ankle and up to the knee. 1'he temperature did not 
exceed 102° F. 

From this date onwards the signs and symptoms began to steadily improve. 
The temperature fell slowly, remaining about 101® F. for two days, about 
100° F. for another day, and then reached 99® F. The purple area became 
reddish and the reddish area white. 

At this stage an attack of acute gout set in, beginning on the thirteenth day, 
when the temperature, which had never reached normal, rose lo 100° F. The 
gouty symptoms were marked in the left hip, left arm, left side of the jaw, 
left wrist, the back, and the right ribs. These symptoms lasted some seven 
days, but gradually gave way to the usual remedies, and the temperature 
slowly sank to normal. 

During this time the slough, mentioned above, came away, and a clean, 
healthy-looking, healing surface was left at the bottom of a depressed ulcer 
with raised, but not undermined, red edges, while the surrounding skin had 
returned to its normal colour. 

There were no enlarged lymphatic glands, and no signs of sepsis. The urine 
was febrile, but did not contain albumen or sugar. 

The patient made a good and rapid recovery. 

etiology. — In attempting to define the causation of the above condition 
it is important to clearly distinguish between localized gangrenous vaccinia 
and the condition called dermatitis gangramosa infantum, as the latter is a 
generalized eruption probably of septic origin, following Varicella and other 
pustular eruptions in children, and often assumed to have something to do 
with vaccination. 

Localized gangrenous vaccinia, on the other hand, is quite different. It 
is not septic, but vaccinal in origin, and it is not generalized, but localized to 
the vaccination area. 

Acland, Crocker, Balzer, and Hutchinson have met with similar cases, 
some of which are stated to have ended fatally. 

In such cases as Chalmers and Archibald have been able to find any account 
of, there has been some latent infection or disease in the patient. Thus, for 
example, in Crocker's case there was latent scarlet fever, and in Chalmers and 
Archibald's case there was latent gout. 

It therefore seems probable that localized gangrenous vaccinia can be pro- 
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cluced by perfectly pure calf-l5^pb and by a satisfactory technique in persoiw 
suftering f rom any form of latent constitutional distuYhaTice of severe nature, and 
that the severity of the local signs is caused by the lowered resistance of the 
tissues due to this latent infection, which, judging from tliis and other cases, 
makes itself sufficiently evident in the course of the illness which follows 
the vaccination. 

Treatment. — At first the area should be merely protected from septic infec- 
tion by pieces of sterilized lint lightly held in position by pieces of bandage. 
When the inflammatory symptoms appear, antiseptic dressings in the form of 
I in 80 carbolic lotion may be applied on lint, while the whole area is covered 
with cotton-wool, loosely held in position by first a bandage and then a hand- 
kerchief. 

Closed dressings arc not indicated, and the affecied area should be simply 
exposed to the air in an elevateel position, and treated at first by dry powders, 
later by lead anel opium lotion, and finally by calamine lotion. 

Papulo-Vesicular Vaccinia (Synonym, Vaccine Lichen). — This rash, which 
was first describeel liy Crockeu' as vaccine lichen, has been observeel in a number 
of cases by Chalmers and Byam in the Anglo-Egyptian Sudan. Some seven 
or eight days after vaccination the patient suffers from a mild aliack of fever, 
which may reach 102° F,, and may be attended with a slight sensation of itching 
in various partsof the body. Tlie febrile symptoms subside aR the rash apjxars. 
and do not return ; l)iit during the fever some of the jiatients sufftT from a dry 
cough, which becomes worse as the eruptffin develops, and then slowly dis- 
appears. Thc^re is no vomiting or diarrhex'a or otlier symptom worthy of 
record, while the vaccination pursues a normal course. 

With re^gard to the rash, it appears, as already staled, .some seven to nine 
days after vaccination in the form of dark-coloured macula*, which ejuickly 
become papules or papuki-vesicles, because, although no actual vesicles ran 
be seen by the naked e'ye, still they produce a hard shoUy sensation on ])al])a- 
tion, and on microsco])i('al examination show minuti' vesii les in the epidernds. 
A fully dewedoped papuh* is about the size of a large ])in’shead, domc-shaped> 
and projects above the surrounding skin, which, as a rule, is quite normal, 
though in some cases it maybe elistinctly congested and may even be swollen. 
They a])peared firstly u])on the back of the hands and forearms, then on the 
back of tlie neck, then on the face, chielly c^n the forehead, and then on the 
chest and back, and varie^d considerably in number from a few dozen to 
several huiielreds. 

The ble)od showed no parasites, but the‘re was a leucocytosis anel a marked 
relative increase of mononuclear and eosinophile leucocyti s. 

After lasting some four or five days, the rash slowly disap])ea.rs, and is 
followed by a well-marked desquamation. 

With regartl to its aetiology , it was associateel with vaccination because it 
occurr(‘d in two (piitc distinct detachments of Nuers and Nubas. The first 
detachment of twt'iity-four were vaccinatexl on February le), 1914, and the 
eru])tion <levelo])ed in eight, while the .see'ond detachment of thirty-six was 
vaccinated on b'ebruary 23, 1914, and three developed the rash. It is to be 
noted that the vaccination in all was performed with lymph from one and the 
same calf. In every case the vaccination took well and developed normally, 
and in no case was there any sign of septicity or infection . No lungi or bacteria 
could be found in or cultivated from the papules; on the other hand, bodies 
which bore a resemblance to Guarnieri bodies were found in the ve.sicles. 

The chief diagnostic points are: — 

A papular or ]iapulo-vesicular eruption beginning about eight days after 
vaccination and heralded by slight or no constitutional disturbance, but with 
moderate itching, and usually commencing on the arms, is most probably 
this eruption, which maybe called a vaccine lichen, but which would be better 
termed a papulo-vesicular vaccinia. 

The diagnosis should be confirmed by attempts at vaccination of a monkey 
from a papule or a vesicle. 

The differential diagnosis may be made from: — 

Lichen acuminatus by the fact that the hair follicles are not attacked. 
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From craw-craw (in the restricted sense of the word) by the absence of the 
horny consistency, and by the smaller size of the vaccinal papules. 

From lichen convex by being no*n-follicular and by being an acute and not a 
chronic eruption. 

From an ordinary generalized vaccinia by the main lesion being a papule 
and by the usually small size of the vesicles. 

Prognosis. — This is invariably good, as all our eases and apparently most 
of Crocker's cases recovered very quickly without any scarring or pigmentation . 
Crocker has pointed out that it may go on to vesiculo-pustular formation, and 
in some of these cases fresh crops may continue to ap})ear for months, or the 
vesicles may enlarge and become herpetiform or bullous; but it is possible 
that these exceptional forms are due to secondary infections and not solely 
to the lymph. 

Treatment. — The essential treatment is rest and cjuiet. On quinine by 
the mouth and an antiseptic ointment — i.e., carbolic ointment- — for the skin, 
rapid recovery takes place. 

Prophylaxis. — There is no explanation why eleven out of sixty ]<erK)ns vac- 
cinated by thesamelynqdiand belongingto the same African tiibcs, livinguridcr 
similar conditions, and about the same age and of the same sex, should develop 
an eru])tion while others did not. Therefore it is not possible tc suggest any 
prophylactic measures . 

INl'LUENZA. 

Remarks.— An acute specific fever, until recently believed to be caused by 
HcD^nophilia influenza (Pfeiffer, 1892) (usual term: Bacilhis infliienzcs) , spread 
from man to man aerially, and typically characterized by a sudden and 
severe onset, i:)ains in various parts of the body, some catarrh of the respira- 
tory passages, which typically subside in some two or three days and arc 
apt to be followed by a prolonged convalescence. Recent researches by 
Charles Nicolle and Charles Lebailly tend to show that thp malady may 
be due to a filter-passing virus. Bradford, Bashford, and Wilson state 
that the virus isolated in cases of influenza consists of minute Cram-positive, 
roundish, coccus-like bodies, varying from 0*15 {jl to 0*5 capable of passing 



through Berkefeld N and V filte^rs. It is a^* anaerobe, and is not destroyed 
by heating to 56*^ C. for thirty minutes. They have isolated this organism 
from the blood and sputum of a number of cases. 

It is not our intent to discuss the jetiology or to enter upon a lull description 
of inlluenza. which can be found in any textbook on medicine, but rather lo 
attempt to impress upon the trojiical practitioner the necessity of recognizing 
this complaint, which is very apt to be mistaken for pappataci and dengue 
fever, and vice versa. 

Typical Attack. — Suddenly, without warning, the victim feels very ill; ne 
may shiver, feel sick, or be giddy, but in any case he feels acute pains in various 
parts of the body, but especially in the lumbar region, behind the eyeballs, and 
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in the muscles and bones, as well as a dry burning sensation in 
and throat, and sometimes also behind the sternum. His temper 

quickly to i03®to io5°F., hispulseandrespirationsareincreased, and lie suiters 

from a troublesome cough, and herpes may occasionally appeal onthe lips. 

After two or three days . f these symptoms the temperature falls, slignt 
catarrhal symptoms appear, the patient becomes convalescent, and may 
recover completely or may feel out of sorts for weeks or months. 

In the catarrhal type there are the ordinary signs of a bronchitis, to which 
may be added those of a lobular pneumonia, and such cases are very dangerous. 
In the gastro-iniestinal type there are the signs of gastro-intestinal catarrh, 
which is rare, but more frequently there is a pseudo-enteric condition, with 


fever, lasting, however, about a week. 

In the cerebral type the onset may be sudden or gradual, be with or without 
catarrhal symptoms, and is associated with pains in various parts, delirium, 
aphasia, hemiplegic or monoplegic symptoms, and, indeed, may at times 
simulate a cerebral haemorrhage, especially in afebrile cases. These arc very 
fatal cases, but at times recovery takes place, often with pc'rmaneiit mental 


disturbance. 

Blood. — The blood practically shows no change. The total leucocytes vary 
from 8,f)oo-i2,()Of), while the differential count is within normal limits. 




Figs 683 and G84.- -Tempfrature Charts of Influenza. 


Complications and SequelSB. — These are numerous and frequent, but for 
them an ordinary textbook of medicine must be consulted. 

Diagnosis. — The cardinal features of a typical attack of influenza are:- — 
(1) The sudden and violent onset; (2) the high fever and quick pulse; (3) the 
violent })ains in the muscles and bones; (4) the catarrhal symptoms; {5) the 
absence of any typical rash; ( 0 ) the presence of Pfeiffer’s organism, whether 
it is the true specific agent or a nosoparasite ; (7) the absence of a marked 
leucocytosis. 

In the tropics the most important points in the differential diagnosis are the 
separation of the malady from malaria, demgue and pappataci fevers, and 
from plague. From malaria it can be recognized by the abstmee of the 
parasites in the blood, the absence of the mononucleosis and of the enlarged 
and tender spleen, and by the presence of catarrhal symptoms. 

From dengue it can be separated by the absence of the leucopenia and of the 
rash, and by the presence of catarrhal symptoms. 

From pappataci fever it can be diagnosed by the absence of the leucopenia, 
the quickness of the pulse, and as a rule the presence of the catarrhal symptoms, 
which in pappataci fever are absent or slight. 

From plague by the absence of plague bacilli in the sputum in the pneumonic 
type, or in blood as demonstrated by haemo-cultures in the septicaemic variety. 

Prognosis. — This is good quoad vitam in typical uncomplicated cases, and 
bad in the varieties mentioned above. 
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Treatment. It is important that the patient should remain in bed and be 
carefully nursed. 

h/iquor ammoniae acetatis in ^ drachm doses in a mixture combined with 
3 to 5 grains of sodium salicylate, alternated with i drachm doses of the 
ammoniated tincture of quinine, well diluted, should be given every two 
hours until the symptoms arc relieved . 

Pyramidon may be administered with benefit, if desired. 

The diet should be light and nutritious, and the heart and respiratory organs 
should be carefully watched. 

Prophylaxis. — The patient should be isolated as far as possible, and on 
recovery his room, bedding, clothing, etc., should be disinfected. Vaccines 
have not been very successful. 
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CHAPTER EIX 

WAR ZONE FEVERS 


General remarks — Irench fever — Icterus castreiisis gravis — Icterus castrera.is 

levis — References, 


GENERAL REMARKS. 

It may be thought that it is unnecessary to introduce the subject 
of the diseases of the different zones of the war info a work on 
tropical diseases, but many of the maladies whi^h have affected 
the troops during the war in the Salonica area, in Egypt and 
Palestine, in Mesopotamia and East Africa, are essentially tropical 
diseases, as were those of Gallipoli. Most of the fevers from which 
tlie troops suffered have been described in the preceding chapters, 
and many of the other diseases, such as tlie dysenteries and skin 
diseases, will be dealt witli in the chapters which follow; but, 
excluding tliese, there are three conditions whicli merit a little 
consideration — viz., trench fever and the severe and mild forms 
of infective jaundice, often called icterus castreiisis gravis (or Weil’s 
disease), and camp jaundice — because, in making a diagnosis of a 
fever, these conditions must be considered, and we are now pre- 
paring the way for the chapter on diagnosis. 

We tlierefore consider that a very brief account of these three 
conditions is necessary for our present purpose. 

TRENCH FEVER. 

Synonyms. — I'^crioflic one-day lever, .Salonica fever, Pyrexia of unknown 
origin, ITvc days’ fever, Volhyiiia fever, Russian remittent fever, Meuse 
fever. Trench skin, Gaiter fever. Shin lever, Trench shin, Shank fever, I’olish 
fever, Quintan fever, Fvcnch, La Fidvredes trenchees ; German, His-Wernersche 
Krankhcit, TTiiiftagelicher, JVriodisehe Fiebcr; Latin, Febris quintana, 
Febris volhynica. 

Definition. — relapsing fever of as yet unknown origin, and spread 
hyPediculiis corporis de Geer, 1778, commonly by the infected heces 
being rubbed into tlie excoriated skin. It is characterized by a sudden 
onset of fever associated with pains in muscles and bones, particu- 
larly in the legs, with especial tenderness of the shins, and lasting 
twenty-four to forty-eight hours or longer, followed by other attacks 
of fever of less and less severity, separated by apyrexial intervals 
of five days’ duration (more or less), and ending in complete recover}^ 

1501 



1502 


fVAJi ZONE FEVERS 


History. — ^As Strong has pointed out, there is insufficient data 
to permit any of the diseases described by the ancients, or in 
mediaeval or modern times, being connected with the disease; 
while McNee believes that it is unlike any disease reported in other 
wars, and that it may have been introduced into the British Army 
by Colonials. Early in 1915 Graham drew attention to the disease 
as seen in the British Army, in which thousands of cases occurred 
between April and October. In January, 1916, it was observed in 
Salonica by McGavin, Wylie, and Acland, of No. i New Zealand 
Stationary Hospital. In May, 1916, it was observed in Mesopotamia, 
and in the same month was reported by Beauchant and Boidin as 
being present in the French Army in France, and about this time 
Werner in Warsaw drew attention to its existence in the German 
armies, and Hurst gave a good general account of the disease. In 
the same year McNee, Renshaw, and Brunt showed that the disease 
could be transmitted to healthy men by intramuscular and intra- 
venous injections of the blood of patients, and the Germans also were 
similarly successful. In the same year it was observed at Salonica 
that the clothes or body louse, Pediculus corporis, was the only 
possible source of infection in a certain hospital orderly who had 
never been in contact with patients, and in whom the iifcubation 
was eighteen days from the first time he became infected with lice 
from some clothing. In 1918, Strong, Swift, Opie, McNeal, Baelzer, 
Pappenheimer, and Peacock, in France, showed that the virus was 
present in the blood plasma and would not pass through a filter. 
They also proved tliat the louse was the infective agent, and that 
the virus was naturally conveyed by its bite. This virus is present 
in the plasma, sometimes in the urine, and occasionally in the 
sputum. Artificially the disease may be transmitted by rubbing 
lice faeces, human infected urine or sputum, into excoriated skin, but 
the incubation resembles that of the inoculation of infected plasma. 

A little later, in the same year, the British Committee in London 
showed that lice bites did not produce the disease, which, however, 
could be produced in healthy men by rubbing infected louse faeces 
into excoriated cutaneous areas. Further, they demonstrated 
that the incubation period was six to eight days, and that blood 
taken from the infected men and injected into healthy men could 
reproduce the disease after an incubation of five days. Also, in 
1918, Couvy and Dujarric de la Riviere claimed that a spiro- 
ciicete, 5 . gallica Couvy and de la Riviere, 1918, could be found in 
the blood of man and infected guinea-pigs, and in the liver and 
kidneys of these guinea-pigs. The infected guinea-pigs were shown 
to suffer from a fever resembling that in man. They, however, 
did not retransfer the disease from the guinea-pig to man, and 
the general opinion at present is that the organism is not the cause 
of the disease. Other organisms such as a piroplasma and a 
haemogregarina have been described as causal. 

In 1916 Toepfer found Rickettsia bodies similar to those described 
in 1909 by Ricketts in Rocky Mountain spotted fever, and by 
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Ricketts and Wilder, in 1910, in typhus. In 1917 Da Rocha Lima 
called the bodies found in trench fever Rickettsia quintana, to dis- 
tinguish them from those found in typhus [R. prowazecki) and 
those occasionally seen in normal lice [R. pediculi). These findings 
were supported in 1918 by Arkwright, Bacot, and Duncan. 

In 1919 Bradford, Bashford, and Wilson described minute bodies 
which they had succeeded in cultivating from the blood of patients, 
using Noguchi’s method of anaerobic cultures. These bodies are 
morphologically identical with Rickettsia bodies, but th'^y are 
Gram-positive. 

Climatology. — ^The disease is known to exist in England, Flanders, 
France, Salonica, Greece, Macedonia, Tyrol, Galicia, Poland, Russia, 
and Mesopotamia. 

etiology. — ^The aetiology has not been completely elucidated. 
Toepfer first found minute bodies in the intestinal contents of lice 
fed on trench fever patients, which he considered to be Rickettsia 
bodies; these bodies were somewhat similar to those found in 
Rocky Mountain fever and typhus. Toepfer’s work was confirmed 
and enlarged by Da Rocha Lima, who called the parasite Rickettsia 
quintana, and more recently by Arkwright, Bacot, and Duncan. 
These latter authors describe the bodies as being minute Gram- 
negative organisms, round, oval, or lancet-shaped diplococci, 
0*3 microns in their shorter diameter by 0*3 to 0-4 in length; the 
first appearance in the excreta of lice being as a rule eight to ten 
days after the first infecting feed. Ihey seem to be slightly smaller 
and less frequently lancet-shaped than those found in typhus. Ihe 
size of these bodies is such that they should not pass as a rule a 
bacterial filter, but may occasionally pass a filter which retains 

such bacteria as Z?. i- j 

Bradford, Bashford, and Wilson report that they have cultivated 
from the blood of patients, by using Noguchi’s method, minute 
bodies which seem to be very similar to Rickettsia bodies, but are 

Gram-positive. • m • 

The trench fever virus is considered to be a resistant filterative 
virus by the American Commission. This Commission (composed 
of Strong, Swift, Opie, Macneal, Baetjer, Pappenheimer, Peacock, 
and Rapport) carried out a very thorough investigation in 1918, and 
came to the conclusion that the virus was carried from the sick to 
the healthy by the agency of the clothes louse, Fedicidus corporis 
de Geer, 1778, and that it was usuallv conveyed by the bites. 

The War Office Commission [(composed of Byam, Carroll, 
Churchill, Dimond, Lloyd, Sorapure, and Wilson) came to the 
conclusion, after a series of important experiments, that the infec- 
tion was contaminative by means of the louse faxes infecting 
scratches on the skin. 

Pathology and Morbid Anatomy.— Unknown. 

Symptomatology — Incubation . — Clinically the incubation period 
is believed to vary from fourteen to thirty days, because this is 
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the time required to induce the disease experimentally by infected 
lice when permitted to bite healthy persons. Experimentally it is 
six to eight days from the time that infected lice faeces are rubbed 
into scratches, and five days after the inoculation of infected blood 
During this stage there may be slight prodromata in the form of 
headache and pains in the limbs, but these may be absent. 

Attack . — The onset is sudden, the patient feeling giddy, weak, 
and shivering. He feels so ill that he has at once to stop his work, 
and complains of shortness of breath, pain in the left side, in the back, 
legs, and behind the eyeballs, as well as of headache. The t empera- 
ture quickly rises to loi" to 104° E. The conjunctivas are injected, 
and nystagmus may be present if the eyes are turned completely 
sideways. 

There are two curious types of this stage of the illnc SS' — viz., the appendi- 
cular and the cerebrospinal. In tlie former, the patient suffers from abdominal 
pain, conslipaiion. slight abdominal distension, lendcrncss, and vomiting, 
and in Allied and German armies the diagnosis of appendicitis has been made. 

At other timcis there may be pains and stiffness of the neck, and the case 
may be mistaken for cerebro-spinal meningitis. 

The Coarse of the disease is that the next morning the temperature 
has fallen to normal or nearly normal, but it may remain high, the 
appetite is lost, the tongue is furred, and there may be pharyngitis 
and constipation. Now the patient complains of pains in the 
muscles and bones of the legs, and has tenderness in the shins, over 
which tliere is cutaneous Jiypenesthesia, and there may be pain and 
tenderness in the fibula, humerus, ulna, or along t lie vertebral column. 

Herpes lahialis may appear, and fairly often a discrete roseolar 
rash, and very rarely a scarlatiiiiform or small papular rash, may be 
seen on tlui cliest, liack, or abdomen. The spleen and more rarely 
the liver may now enlarge. The blood shows a leucocytosis, with 
a relative mononuclear increase. The red corpuscles are not 
reduced in amount, but the haunoglo])in is usually reduced, and 
there is polychromatophilia. 

First Intermission . — ^After twenty-four to forty-eight hours, or 
longer, the temperature falls to normal, the symptoms disappear, 
and the patient feels well, though sometimes he feels slight discom- 
fort in the muscles and bones. 

Second Attack . — Some two to ten, but more usually five, days after 
the cessation of the first attack the patient begins to feel ill, with 
headache, ])ains in the legs, and fever, the temperature rising to 
about loi'' E. Next day the temperature is normal, and this attack 
may cease, or the fever may recur in the evening, but usually ceases 
liext day. 

Intermissions and Attacks . — ^These now succeed one another at 
regular intervals of about five days’ duration, but the attacks of 
fever become shorter and shorter and the temperature lower and 
lower, so that unless care is taken to register the temperature every 
two hours about the time of an expected attack, the fever may 
be missed by the day and night temperature chart. Although 
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the patient does not feel or look ill, the pains and tenderness in the 
shins may become worse during each attack and may keep him from 
sleeping. The number of relapses is variable, and may reach six 
or seven. 

Rash. In a fairly large number of patients a delicate macular 
rash appears with each recurrence of the fever. It is generally 
seen on the chest and abdomen, and consists of small red macules 
which disappear on pressure. 

Termination , — ^After lasting a variable time (five to six weeks), the 
disease gradually dies out and the recovery is complete. 

Complications and Sequelae. — Tachycardia and so-called soldier's 
heart may occur. 

Varieties. — English observers recognize a short and a long type. 
In the former the fever lasts for three to four days, falls to normal, 
and after a few hours rises again for two to five days, when it falls 
to normal and the fever stops. This variety resembles dengue fever. 
The long type is the typical fever. 

The Gernians also recognized a simple paroxysmal form, but the^ 
also mention a typhoidal and a rudimentary form. 

Diagnosis. — ^This has to be made from influenza, dengue, pappa- 
taci fever, relapsing fever, malaria, smallpox, typhus, and enteroidea. 

From influenza it may be distinguished by the absence of catarrhal 
symptoms and the mononucleosis. 

From dengue and pappataci by the absence of leucopenia. 

From relapsing fever by the absence of marked enlargement of 
the spleen and of the spirochsetes in abundance in the blood. 

From smallpox and typhus by the absence of the severe consti- 
tutional symptoms. 

From malaria by the absence of the leucopenia and of the typical 
parasites from the blood. 

From enteroidea by the sudden onset and the pains in the muscles 
and bones, and by negative haemoculture and serological reactions. 

Prognosis, — ^^fhis is good, as the mortality is nil and the recovery 
complete. 

Treatment. — ^Pyramidon is strongly recommended, but constipa- 
tion must be relieved, and the patient should be disinfected at once. 
His clothing and bedding should be disinfected in moist heat at 
70° C. for half an hour. 

Prophylaxis.- — ^This is mainly louse destruction [vide the cheipter 
on Typhus, p. 1338) , but the urine and sputum of patients should 
also be disinfected. Cups should be provided for the sputum. 

ICTERUS CASTRENSIS GRAVIS. 

Synonyms. — Weil’s disease, Epidemic jaundice, Infective jaundice, Spirb- 
chastal jaundice, Spirochaetosis icterhaemorrhagica, Larrey-Weil disease. 
French, Maladie de Weil, Typhus h^patique; German, Infektioser Fieberhaftei: 
Ikterus, Infektfonikterus, Weilschen Krankheit; Japanese, Odan-eki; Latin, 
Icterus febrilis seu infectiosus. Typhus biliosus nostras, Morbus weili. 

95 
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Definition.— An acute specific fever caused hy Spiroschaudinnia 
icteYohcBfyioYrhugicB (Inada, Ido, Hoki, and Keneko, 1915)# s-iid 
characterized by jaundice, albuminuria, enlargement of the spleen, 
pains in the muscles, with sometimes haemorrhages and a high 

mortality. , . 

History. — The disease was first mentioned in Minorca in 1745, 
and then along the coast of Italy. Larrey, in 1800, seems to have 
described this disease as seen in Napoleon’s army in Egypt. It 
was also noted by Carville in 1859, t)y Worms in 1865, while a 
number of cases occurred during the American Civil War. As the 
mortality from jaundice was low in the South African War, it is 
probable that it was absent. In the present war it has occurred 
in the British, French, Italian, Serbian, and German armies, though 
it has been confused with the milder type. In 1886 Hirsch popu- 
larized the complaint and Weil again drew attention to the disease, 
and in 1911 Hccker and Otto wrote a monograph on it. As regards 
the tropics, it was noted in India in 1849, subtropical countries 

it was seen in Smyrna and Egypt. In this history authors noted two 
types, a mild, resembling simple catarrhal jaundice, and a severe, 
which some of them called a type of bilious remittent fever, and said 
that some of the cases had hccmorrhages and nervous symptoms. 
During the last few years it has received much attention, because 
cases of jaundice have been frequently noted in the armies. In 
1915 the Japanese investigators mentioned above discovered the 
causal agent, and this has been confirmed by French, English, 
Italian, and German workers. Noguchi has found that strains of 
5 . icicrokmnorrlwgicB isolated from patients in Japan and Belgium, 
and from rats in America, are identical morpliologically and sero- 
logically. H(‘ has created for the organism a new genus, Lepto- 
spira, which will probably be generally accepted in the near future. 

etiology, — ^'riie causal agent isSpiroscJiaudinnia ictcrohcBmorrhagice 
(p. 447), which is considered to be the same as the spirochaite found 
in the kidneys and urine of wild rats, in whicli it lives. It is 
believed that the organism escaping in the rats’ urine, and to a 
less extent in human urine, is the source of infection, which takes 
place through the skin when walking barefoot on sodden ground 
or by entering the alimentary canal in water. 

Pathology. — ^The jaundice is probably caused by obstruction to 
the smallest bile ducts, brought about by a polymorphonuclear 
exudate into the tissues surrounding them. 

^ Symptomatology.— The incubation period varies from five to seven 
days, the average being six days, which agrees with an accidental 
infection. 

The onset is usually abrupt, with occasional shivering and high 
fever, faintness, giddiness, and prostration. The patient is flushed 
and looks and feels very ill. The spleen and liver enlarge, and the 
superficial lymph glands may become palpable. 

Course . — ^Jaundice appears two or three days after the onset. 
The tongue is coated with a brown fur, and sordes form on the lips 
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and teeth. Vomiting may be present from the first, and hiccough 
may also be troublesome. There may be pain and tenderness in 
almost every part of the body. The neck may be stiff, and in these 
cases the cerebro-spinal fluid may be under pressure and contain an 
excess of polymorphonuclear cells and lymphocytes, as well as 
albumen and bile. 

The conjunct ivae may be injected, and herpes may be present 
on the lips. 

Jaundice usually appears two or three days after the onset of the 
symptoms, but may be later, thougli it is almost always present 
before the temperature drops. Pruritus is slight or absent. 

The blood shows a diminution of red corpuscles and haemoglobin, 
and an increase of leucocytes, while a very few spirochaetes are 
present between the fourth and ninth day. The pulse is slow in 
proportion to the temperature. The urine usually contains bile, 
albumen, granular and hyaline casts, and sometimes a f^'W red cor- 
puscles, and the spirochaete can be found after the first week. 

Hccmorrhages from the lungs, the stomach, or more rarely the 
bowels, may occur, while epistaxis and purpura may be seen in 
severe cases. 

Termination. — ^'fhe temperature drops by crisis or rapid lysis from 
the eighth to tenth day. 

Relapse. — ^There is often a return of the fever some few days after 
it falls to normal, and tlie relapse may last from a few days to ten or 
even fifteen days, but there is no increase in the symptoms. 

Convalescence. — ^This is often prolonged. 

Diagnosis. — -The cardinal diagnostic points are: — 

1. The presence of the spirocluete in the blood between the fourth 
and ninth day (it is diflicult to see), and in the urine. Blood may 
be inoculated into the peritoneal cavity of guinea-pigs, in which 
illness supervenes after inoculation of not less than six days. 

In order to discover the spirocluete in the urine, it is necessary 
to adopt CastelJani's method of centrifuging 20 c.c. and pouring 
off the supernatant fluid, then adding another 20 c.c. and again 
centrifuging, and so on until about 200 c.c. of urine has been centri- 
fuged, after which the deposit may be examined. 

2. The severity of the symptoms and the sudden onset, the 
severe pains, the jaundice, the enlargement of the liver and spleen, 
the albumen in the urine, with casts and a few red blood corpuscles. 

3. The pulse is slow in proportion to the temperature. 

The differential diagnosis has to bf- made from camp jaundice, 
enteric jaundice, septic jaundice, malarial jaundice, acute yellow 
atrophy of the liver, typhus, blackwater fever, pneumonia with 
jaundice, yellow fever, and relapsing fever. 

From camp jaundice {icterus castrensis levis) it can be diagnosed 
by the sudden onset, the severity of the symptoms, and the short- 
ness of the illness. 

From enteric jaundice, which is rare, it may be recognized by the 
presence of the polymorphonuclear leucocytosis and the absence 
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of leucopenia, and the usual signs of enteric fever, while blood cul- 
tures fail to demonstrate the typhoid bacillus and its allies. 

From septic jaundice it can be separated because the jaundice 
appears at an early and not at a late stage in the disease, and by 
the absence of septic infections clinically and by hsemoculture. 

From malarial jaundice, and especially the Weil’s disease-like 
type, by the absence of the malarial parasites in numbers and by 
the presence of the slight leucocytosis. 

From acute yellow atrophy by the absence of the diminution 
of urea and uric acid, by the absence of leucine and tyrosin in the 
urine, and by the increase in size of the liver. 

From typhus by the absence of the peculiar facies, of the sub- 
cuticular mottling and the typical rash, and by the presence of 
jaundice, which is only occasionally seen in that disease. 

From hlackwaier fever by the absence of haemoglobin from the 
urine. 

From pneumonia with jaundice by the absence of right-sided lobar 
pneumonia. 

Vvom yellow fever by the pulse being rapid from the first and falling 
as the temperature falls. 

From relapsing fever by the absence of abundant ordinary spiro- 
chaetes from the blood, and by the peculiar characters of the typical 
spirochaetes of Weil's disease when present in blood, in which it is 
found only in small numbers. 

Prognosis. — ^Fhis is serious, the death-rate being some 30 per cent., 
and convalescence being prolonged. 

Treatment. — ^The repeated subcutaneous or intravenous injection 
of 20 to 60 c-c. of the serum prepared by Inada, Ido, Hoki, Ito 
and Wani or of Martin and Pettit’s immunized horse serum is 
recommended. Salvarsan and its allies are useless. Symptomatic 
treatment for constipation by salines and aperients is also to be 
remembered. 

Prophylaxis. — Disinfect the urine of patients for some nine weeks 
from the onset of the attack. Catch and kill rats. Disinfect the 
ground of the endemic area or remove the persons from this area. 

ICTERUS CASTRENSIS LEVIS. 

Synonym.— Camp jaundice. 

Dehnltion. — K. slightly febrile disorder, characterized by mild 
febrile symptoms, followed by a mild attack of jaundice lasting 
some two to eight weeks, after which there is a very prolonged 
convalescence. 

Remarks. — ^We have already noticed that older writers have 
divided Weil’s disease into two types, one mild and the other severe. 
Camp jaundice represents the mild form, and clinically is practically 
indistinguishable from catarrhal jaundice. It was very common 
in Eastern war zones, and its symptomatology may be divided into 
the pre-jaundice period and the jaundice period. 
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Climatology. — It was common in Gallipoli, the Balkans, Italy, and 
France. 

-ffitiology. — ^This is at present unknown. Certain authors con- 
sider it to be of paratyphoid origin, but this is not so. Spirochaetes 
have been described in the urine by several observers, including 
one of us. These organisms are often not pathogenic to guinea-pigs, 
and have not yet been demonstrated to be the cause of the disease. 

Pathology. — It would appear as though the jaundice was due to 
obstruction to the common bile duct, either by swelling of the 
duodenal mucosa or to mucus in the duct. 

Symptomatology. — ^The onset is gradual. The patient feels tired, 
complains of aches in various joints and muscles for weeks, the skin 
may appear to be normal, and the temperature is either normal or 
not very high (99® to 100'' F.). The patient has often the sensation 
of suffering from very high fever, while on taking his temperature 
he may find it normal or subnormal. During this stage very often 
the Tirine is darker than usual and contains biliary pigments. We 
have come across patients feeling fairly well, but complaining of 
what they called rheumatism for months betore the jaundice 
appeared; others had remarked the staining of their shirts by 
the urine. This stage may last for several weeks; in one of our 
cases it lasted three months before the jaundice appeared. 

The Jaundice Stage , — ^First the sclerotics, then the skin, slowly 
become icteric. The degree of jaundice is seldom so marked as in 
cases of true obstructive jaundice. The patient generally feels abso- 
lutely done up, often with pains and aches all over the body; as 
a rule there is very little or no pruritus, in contrast to so many other 
types of jaundice. He has no appetite, and may feel inclined to 
vomit. The temperature is normal or subnormal, pulse usually 
slow, but may be of normal frequency; the spleen generally is not 
palpable, nor is the liver in most cases; there may be pain on pressure 
in the region of the gall-bladder, but this is not a constant symptom. 
There is often constipation, and the stools may be whitish or of the 
usual brownish colour; at times there are periods of diarrhoea, 
alternating with periods of constipation. The urine is scarce and 
very dark-coloured ; it may contain a trace of albumen and casts. 
The jaundice stage lasts between two and eight weeks. Recovery is 
slow, and for weeks and months after the jaundice is over the patient 
may feel very weak. 

Diagnosis. — ^The characteristic features of the disease are: — 
(i) Its epidemicity; (2) its slow om^et; (3) its long course divided 
into a pre-icteric and an icteric period. 

With regard to the differential diagnosis, it can be separated from 
catarrhal jaundice only by its epidemicity. 

From icterus castrensis gravis (Weil's disease) it can be differen- 
tiated by the mildness of the symptoms, by the slowness of the 
onset, and by the slightness or absence of the febrile symptoms 
and the absence of haemorrhages. 

From enteric jaundice it can be separated by the absence of enteric 
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organisms, as shown by hsemocultures, and by the absence of the 
enteric serum reactions in the later stages. 

From fnalariul jaundice it can be diagnosed by the absence of 
malarial parasites in the blood and also by the absence of serious 
symptoms. 

Prognosis. — ^This is favourable quoad vitam, but the course of 
the disease may be prolonged, and for weeks and months the patient 
may be very depressed and weak. 

Treatment. — ^There is no specific therapy, and hence treatment 
must be symptomatic, with rest in bed, milk diet, and urotropin 
in lo-grain doses three times a day. 

Prophylaxis. — ^The urine and faeces should be disinfected. 

Nanukayami. 

A seven-day fever resembling a typical Weihs disease has been 
reported from several Japanese observers from the province of 
Fukuoka. Ido, Ito and Wani have found that the causative agent 
is a spirochaete — 5. hehdomadis — which is serologically distinct 
from S. icterohcemorrhagicB. The normal host of the spirochaete 
seems to be the field-mouse, Microtus montehelli, 
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CHAPTER LX 

THE DIAGNOSIS OF A TROPICAL FEVER 

Preliminary — Thermometric pseudo-fever — Acute fevers— Fevers of less than 
eight days duration — Fevers of more than eight days’ duration — Chronic 
fevers — Summary . 


PRELIMINARY. 

The method of diagnosis contained in the present chapter is not 
intended to be comprehensive, and the reader whe expects to ftnd 
every possible situation dealt with will be disappointed, because 
this is not our intent, and, indeed, would be a practical impossibility. 

We are endeavouring to place before him such information as 
we have found necessary to use in some twenty-odd years of tropical 
life, and we may perhaps be pardoned if we mention some plain 
facts before starting on our subject. 

Firstly, we trust that our reader will realize that it is one thing 
to draw up a nice-looking scheme of diagnosis upon paper, and it is 
quite a different thing to give a system which will be applicable 
at the bedside; but no one knows better than we do how difficult it 
is to write a system so applicable. 

Secondly, we trust that our reader has not forgotten that there 
is such a thing as clinical medicine — that is to say, a system of 
diagnosis based upon the bedside examination of the patient. 
In our opinion, every patient should be most carefully examined, 
from the crown of his head to the soles of his feet, by ordinary 
clinical methods before any attempt is made to utilize the resources 
of the laboratory. 

A systematic clinical examination of every patient is most 
essential. It is the sum total of the various symptoms, none 
alone pathognomonic, which establishes the diagnosis in conjunc- 
tion with which the results from the laboratory must be considered. 
A practitioner who is unable to come to some sort of a diagnosis 
without the aid of a laboratory should, in our opinion, utilize his 
earliest spare moments in a course of post-graduate instruction 
with regard to clinical methods. 

Thirdly, we are of the opinion that the laboratory work should 
never be omitted as a check to confirm or to adjust this clinical 
diagnosis. Specimens sent for diagnosis to a laboratory should 
always be carefully collected. This collection should at least be 
supervised by the practitioner, and not left to subordinates entirely, 
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otherwise mistakes will be possible. The specimens should always 
be collected and forwarded in the most aseptic method possible, 
and should be accompanied by a statement recording the nature 
of the specimen, the date and time of its collection, the nature of 
the examination desired (which should not be vague — ^.g., not 
‘ urine for examination,' but clearly stated, ' urine to be examined 
quantitatively for sugar'), and a brief statement of the salient 
features of the case and the suspected clinical diagnosis, because 
it is the duty of the practitioner to help the laboratory in its work. 

Finally, wc desire most earnestly to impress upon the reader 
that the essential feature in the diagnosis of a tropical fever is a 
combination of clinical examination with laboratory work. 

THERMOMETRICAL PSEUDO-FEVER. 

The practitioner working in high air temperatures should re- 
member that the clinical tlicrmometer, being of the maximum 
type, will rise quickly to some temperature corresponding to that 
of the air, and will remain thereat. Mistakes have been made, such 
as recording a number of cases of fever in an institution. In high 
air temperatures the thermometer should be taken out of cool 
water, placed in the patient’s mouth, left there long enough to 
record the actual temperature, and then quickly replaced into cool 
water, in which it is examined. 

The practitioner knows well the precautions re hot liquids or 
solids having been placed in the mouth before the thermometer, 
thus giving high readings, and the effect of draughts falling on 
the cheeks preventing the rise of the mercury; or, in other words, 
of the possible thermometrical fallacies of which these are examples. 

ACUTE FEVERS. 

‘ The acute fevers may, for purposes of diagnosis, be divided into 
those which have lasted less than eight days, and those which have 
been in progress eight or more days when seen by the practitioner. 

FEVERS OF LESS THAN EIGHT DAYS' DURATION. 

These fevers may l)c divided into: — 

I. those exhibiting some striking physical sign. 

II. those not exhibiting any striking physical sign, 

I. WITH SOME STRIKING PHYSICAL SIGN. 

The physical signs to which we refer may be classified into : — 

A. Traumatisms. 

B. Skin eruptions. 

C. Derangement of some bodily system. 

D. Localized derangement of some organ. 
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A. TRAUMATISM. 

The presence of a traumatism suggests that an acute fever may 
be septic in nature, but in the tropics no one should forget the 
possibility of the fever being caused by the reawakening of old 
malarial infections, or even being associated with a new malarial 
infection, acquired, perhaps, at the same time as the traumatism. 

If the fever is intermittent, recurring every third or fourth day, 
it is malaria. If it is quotidian, pay attention to the following 
points: If the spleen is hard it is probably malaria — ^make a blood 
filrn; if Laveran's parasites are present or marked mononucleosis, 
it is probably malaria: if polymorphonuclear leucocvtosis is 
present, it is probably septic fever. 

If the evidence is in favour of sepsis, or if malaria has been ex- 
cluded, bacteriological examination of the blood and of the local 
discharge should be made, and should include search fcx’ aerobic 
and, if necessary, anaerobic organisms. 

B. SKIN ERUPTIONS. 

These may be considered under the following headings; — 

1. Erythematous eruptions. 

2. Papular eruptions. 

3. Urticarial eruptions. 

4. Purpuric eruptions. 

5. Vesicular eruptions. 

6. Bullous eruptions. 

7. Pustular eruptions. 

8. Pigmentation. 

I. ERYTHEMATOUS ERUPTIONS. 

(A) Erythematous Rash Generalized. 

I. The rash is more or less typical of scarlet fever 

[a) Onset of eruption less than forty-eight hours after the 
appearance of the sore throat — Scarlet fever. 

(h) Onset of eruption more than forty-eight hours after the 
appearance of the sore throat — Erythema or dermatitis 
scarlatiniformis. 

(c) Throat symptoms mild or absent : — 

(a) Examine blood for malarial parasites: — 

1. If present — Malaria. 

2. If absent inquire into drugs, especially quinine — 

Anaphylactic drug eruptions. 

II. The rash has some maculo -papular elements : — 

[a) Coryza and Koplik's spots have been or are still present — 

Measles. 

(b) Coryza and Koplik's spots absent : — 

With enlargement of the occipital, cervical, and other 
lymphatic glands — German measles. 
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III. The rash has the characters of a blush, with or without oedema : — 
{a) The rash, though general, is more marked in one area : — 

1. Evidence of a bite or sting — Bite or sting of a venomous 

animal. 

2. No such evidence, special region pits on pressure: — 
Examine night and day blood for microfilariae — 

Filariasis. 

3. Macules on wrist and ankles only becoming general 

on third day; severe symptoms; yellow tinge in con- 
junctivas. Occurs in Rocky Mountains — Spotted 
fever of the Rocky Mountains. 

{h) The rash is not specially marked in one area : — 

Examine blood for eosinophilia and the faeces, after a purge, 
for the eggs of intestinal worms — Helminth infections. 

IV. Erythema fugitive, faint, annular, most marked on trunk : — 
History of residence in Tropical Africa. Glands in posterior 

triangle of neck enlarged. Examine gland juice and blood 
for trypanosomes — Sleeping sickness. 

V. Erythema with marked cerebral symptoms, vomiting, retraction of 

head — Kernig's sign. 

1. Examine the blood for malarial parasites, if present — 

Malaria. 

2. If absent, perform lumbar puncture and examine for 

meningococci — Epidemic cerebrospinal meningitis. 

VI. hrythema mild, amounting to very severe blushing, and most 
marked on the face : — 

Eyes injected, severe pain at back of eyes, high fever. Occurs 
in locality where phlebotomus is endemic — Pappaiaci fever. 

VTI. Erythema with little or no fever, but xoith marked gastro-intestinal 
symptoms : — 

With or without signs of collapse — Ptomaine poisoning. 

(B) Erythematous Rash Localize]). 

I. Rash distributed on parts exposed to light ;■ — 

On face, neck, and hands, often feet; associated with gastro- 
intestinal and nervous symptoms. Fever is not a marked 
feature of simple pellagra, and when this occurs it is due to a 
complication, generally with one of the ent erica group of 
fevers — So-called typho-pellagra. 

II. Rash not specially confined to parts normally exposed to light : — 
{a) Associated with a*dema in some part : — 

r. CEdematous and erythematous areas coincide. (^^) Area 

defined by sharp edges. Sometimes vesicles present 
and leucocytosis — Erysipelas. [b) Lymphatics in- 
flamed, microfilariae in blood. — Filarial lymphangitis. 
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2. (Edema of face and eyelids and gastro-intestinal dis- 

turbance, eosinophilia, and leucocylosis — J'richinosis, 

3. No oedema of tlie face and eyelids. Very rare — Polymyo- 

sitis, 

4. Swollen area affected with leprotic eruption. Signs of 

leprosy in various parts of the body — Leprotic fever, 

ib) Not associated with oedema: — 

r. Severe constitutional symptoms and marked backache; 
signs of vaccination absent, poor, or old. Case of 
smallpox known to exist in neighbourhood — Suspect 
smallpox. 

2. There is a recent wound due to a rat -bite, or a history 

of a rat -bite seven to twenty-one da\^s previously, 
of which the wound may have healed" Site of bite 
red and swollen, becomes ulcerated. Enlarged 
lymphatic glands. Erythematous eruption with 
purple spots — Rat-bite fever. 

3. History of a cat-bite some ten to twenty-one days 

before illness: maculae around site of bite and then 
on limbs; infiltration of skin, enlarged lymphatic 
glands. Pains in muscles and joints. Splenic en- 
largement. Fever relapsing in type — Cat-bite fever. 

4. Pains and aches all over the body, but constitutional 

symptoms not very severe. Rash appears with the 
fall of the temperature on the third day. No malarial 
parasites in the blood. Stegomyia (or Culex) mos- 
quitoes abundant. Endemic ity of dengue-like fevers 
known — Dengue, 

2 . PAPULAR ERUPTIONS . 

These eruptions often form part of the evanescent early symptoms 
t)t some fever, and are therefore difficult to arrange in a satisfactory 
manner. The practitioner will remember that drugs like iodides 
and the bromides ma}^ give rise to papular eruptions. 

I. Catarrhal symptoms present : — 

Maculo-papular eruption tending to form blotches. Koplik’s 
spots present — Measles. 

II. Catarrhal symptoms slight or absent . — 

[a) Constitutional symptoms severe : — 

1. Markedly severe headache and backache. Papules 

bright red and shotty, appearing between the third 
and fourth day, first on the forehead — Smallpox. 

2. In a child which has been ill for three days with pain all 

over the body and often delirium or convulsions. 
Papules about the size of a pin's head on chest, b^ck, 
and abdomen — Dengue (Van der Scheer’s fever). 
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3. Pale dusky red papules or macules, fading into the 
normal skin, but slightly elevated, disappearing on 
pressure, at the margins of the axillae, wrists, flanks, 
chest, back, shoulders, arms, and legs, with sub- 
cuticular mottling. Exclude malaria b}^ blood 
examination — Typhus fever. 

.). Large red papules on face on the fifth to seventh day 
of illness, spreading over body as macules, after a 
visit to Akitaken and Nugataken, of the Island of 
Nippon, Japan. Enlarged lymphatic glands in some 
area of the body, and a few vesicles on area drained 
by lymphatics going to these glands, are indicative 
of bites by Microtromhidium akamushi — Tsutsuga- 
mushi fever. 

{h) Constitutional symptoms not severe and not following recent 
vaccination : — 

1. Rash of maculo-papules, circular, discrete; not as 

bright or as elevated as measles. No Koplik spots. 
Occipital and other lymphatic glands enlarged. 
Pink eye present — German measles. 

2. Fever slight or, at times of epidemic, absent in some 

cases. Rash general, composed of bright pinhead 
papules or red macules {i.e., morbilliform), associated 
with itching and with a few macules on the palms 
and soles — Papular fever (Castellani and Chalmers). 

(c) Constitutional symptoms not severe, following recent vac- 
cination : — 

Rash composed of papules and papulo-vesicles, of large 
pinhead size, appearing some seven to nine days after 
vaccination — Vaccine lichen. 

3. URTICARIAL ERUPTIONS. 

[a) Fever slight, after ingestion of certain foods — Febrile 

urticaria. 

(h) Worms present — Helminthic febrile urticaria. 

4. PURPURIC ERUPTIONS. 

Purpuric puncta may be caused by flea-bites and pediculi, and 
have nothing to do with the fever. Many drugs, ptomaine poison- 
ing, and snake-bite produce purpuric spots or patches. Very rarely 
serum injections produce purpuric eruptions about seven to nine 
days after the injection. The leukaemias, chronic alcoholism, 
Bnght's disease, and jaundice, may be associated with purpuric 
rashes. In fevers as a rule it points to septicaemia, and is more of a 
prognostic than of a diagnostic value, even in epidemic cerebro- 
spinal meningitis, in which, in our tropical experience, it is rare. 
Peliosis rheumatica, with its associated tonsillitis and pains in the 
joints, is very rare. It will be remembered that in scurvy there is 
no fever. With these provisos we make the following suggestions : — 
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ClcuY signs of the disease causing the purpufio eruption * — 

[a) Yellow tinge in skin or eyes: — 

1. Urine black from hsemoglobin — Blackwater fever, 

2. Urine without haemoglobin: — 

(a) Bile in the urine :■ — 

(i.) Examine blood and urine for the peculiar 
spirochaete with its central minute 
waves — Icterus castrensis gravis {WeiVs 
disease) . 

(ii.) Spirocbaetes of doubtful pathogenicity may 
be present or they may be absent; little 
or no fever — N on-febrile jaundice {camp 
jaundice ) . 

(b) Bile not in urine : — 

Severe fever; examine blood for malarial para- 
sites — Malarial fever, 

(c) Albumen in urine : — 

Epigastric tenderness. Faget’s sign — Yellow 
fever. 

(b) Without yellow tinge in the skin or eyes: — 

1. Retraction of head. Kernig's sign present. Lumbar 

puncture reveals meningococci — Epidemic cerebro- 
spinal meningitis, 

2 . With developed disease — e.g.y typhoid, diphtheria, 

scarlet fever, smallpox, measles (haemorrhagic 
conditions known in the tropics) ■ — SepiiccemK 
condition, 

3. With buboes or marked jmeumonic symptoms. Ex 

amine blood culturally, .sputum and fluid from en- 
larged lymphatic glands microscopically, for plague 
bacilli^ — Plague. 

4. Without marked signs of any disease. Blood culture 

■ — Septiccemia. 

5. VESICULAR ERUPTIONS. 

The practitioner will be on his guard to exclude vesicles which 
are the result of bites of insects, such as sand-flies and mosquitoes, 
as well as those due to the ingestion of drugs, such as bromides 
and iodides. Also the pyoses, which are without fever. Among 
these, pyosis corletti causes bullae. 

I. Onset with severe constiUiiional disturbance • — 

Rash on third to fourth day; shotty papules becoming vesicles 
fifth to sixth day. Vesicles circular, tense, umbilicated, 
and multilocular — Smallpox, 

IL Onset with mild constitutional symptoms, hut with severe local pain, 
generally along a nerve, hut in any case confined to one region : — 



1518 the DIAGNOSIS OF A TROPICAL FEVER 

Rash a couple of days or more after commencement of the pain. 
Usually confined at first to painful region, and then becomes 
general, but mav be general from first. Vesicles dome- 
like or flattened”, become umbilicated; no inflammatory 
areola; leave scars — Vesicular fever (Castellani and 
Chalmers). 

in. Onset mild and without severe local pain, without history of 
recent vaccination : — 

Rash on first to third day. Often first sign of illness. Appears 
on back, chest, and abdomen. First in form of pale red 
macules, often with raised centre, quickly developing into 
superficial unilocular vesicles, some of which may become 
u mbilicat ed — Chicken-pox. 

IV. Onset mild, history of vaccination twelve to twenty-two days or 
more before eruption : — 

Generalized vesicular eruption, not umbilicated at first, and 
preceded by a papular rash. Vesicles become umbilicated 
— Generalized vaccinia. 

6. BULLOUS ERUPTIONS. 

Bullous eruptions ma}^ be caused by plants and drugs. In newly- 
born children bulke on the hands and feet suggest congenital 
syphilis. 

I. There is a well-defined raised erythematous area upon 
which the bulla? are present. Bulla? to be examined 
for streptococci — Erysipelas. 

II. No such area present, but wounds, enlarged lymphatic 
glands, with severe constitutional symptoms, common 
in the tropics. Examine blood and bulla for organisms 
— Septic pemphigus. 

III. In recently-born children examine bulla for strepto- 
cocci and other pyogenic organisms — Pemphigus 
neonatorum^ 

7. PUSTULAR ERUPTIONS. 

It will be remembered that there are pustular syphilides un- 
attended by fever, and pustular tuberculides of which fever is not 
a marked sign. 

1. Clear history of recent vaccination with Jennerian vaccine : — 

Small dark-coloured or black centre in the vaccine area, 
surrounded by dark reddish swollen area, on which are the 
vaccinial vesicles and pustules. Around this a bluish area, 
the whole surrounded by a wide erythematous blush— 
Gangrenous vaccinia. 
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II, No history of recent vaccination : — 

[a) Localized red swelling, with several points of suppuration. 

Examine bacteriologically for cocci — Carbuncle, 

Localized red solid swelling, with black centre, and round 
it pustules often mixed with vesicles and bullae. Ex- 
amine bacteriologically iox Bacillus anthracis — Malignant 
pustule. 

[b) Generalized pustular eruption in a patient who has been 

seriously ill for six days or more, with at times swelling 
of eyelids, lips, or eyes — Smallpox. 

8. PIGMENTATION. 

In acute fevers the important cutaneous pigmentation is the 
yellow tinge due to jaundice. This is rare in malaria and in the 
early stages of the enteric fevers, and hence need only be mentioned. 
For blood pigments in the skin see {.he purpuric eruptions, and for 
black pigmentation see the chronic fevers. 

1. Liver and spleen one or both enlarged : — 

{a) Abdominal tenderness. Typical spiroche'etes in blood — 
Relapsing fevers, 

(b) Abdominal tenderness not marked : — 

1. Peculiar spirochaetes in blood and urine — Weil's disease, 

2 . No spirochaetes in the blood: — 

(a) Hcemoglobinuria — Blackwater fever and its allies, 
(B) No hiemoglobinuria, severe symptoms, albumin- 
uria, black vomit, etc.— Y el hm> fever. 

II. Liver and spleen not enlarged : — 

(a) Symptoms mild. Fever slight or absent. No signs or 

symptoms of pneumonia — Icterus castrensis levis [camp 
jaundice). 

(b) Physical signs and symptoms of pneumonia. Pneumo- 

coccus in simtnm- -Pneumonia. 

C. BODY SYSTEMS. 

Fevers associated with some marked sign or symptom directing 
attention to a given system of the body may be arranged according 
to the system deranged as follows: — 

A. Derangements of the Alimentary Canal. 

B. Derangements of the Respiratory System. 

C. Derangements of the Circulatory System. 

D. Derangements of the Urinary System. 

E. Derangements of the Generative System. 

F. Derangements of the Lymphatic System. 

G. Derangements of the Muscular System. 

^ H. Derangements of the Osseous System. 

I. Derangements of the Connective Tissue. 

J. Derangements of the Nervous System. 
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A. Symptoms pointing to the alimentary canal * — 

I, Mouth and Throat : — 

(a) Pyorrhoea, marked gingivitis, or even the presence of 
bridges, crowned or stopped teeth, with pain, 
shrinking of the gums, etc. — Septic fever. 

(h) Angina with whitish or greyish membrane on the 
fauces or tonsils: — 

Examine bacteriologically : — 

1. Streptococci present — Streptococcal angina. 

2 . Klebs-Loeffler bacilli present — Diphtheria. 

3. Fusiform bacilli present — Vincent' s angina. 

II. Stomach : — 

{a) Black vomit : — 

Associated with jaundice, FageEs sign, and severe 
constitutional disturbance — Yellow fever. 

[h) Vomiting, pain and tenderness in diaphragmatic region. 
Severe constitutional symptoms, with or without 
hiccough; passage of blood per anum — Poisoning 
with viperine venom or phlegmonous inflammation of 
the stomach. 

HI. Intestines -: — 

{a) Choleraic diarrhoea, or profuse diarrhoea, or dysenteric 
diarrhoea with fever. 

Examine blood : — 

1. Malarial parasites — Pernicious malaria. 

2. Marked mononucleosis with enlargement of the 

spleen ; — 

Splenic or hepatic puncture : — 

(A) Malarial parasites — Pernicious malaria. 

(B) Kala-azar bodies- Kala-azar. 

3. Eosinophilia without enlargement of the spleen. 

Blood cultures — Intestinal septiccemias or toxaemias 
due to worms. 

(b) Vague bowel symptoms or signs of intestinal schisto- 

somiasis. Examine faeces for eggs and blood for 
eosinophilia — Fevers due to intestinal worms. 

(c) Pain in the appendicular region — Appendicitis . 

(d) Slight diarrhoea or constipation. General disturbance 

of health slight or moderately severe. 

Examine motions for : — 

1. Amoebae — Amoehiasis. 

2. Enteric bacilli. Confirm by blood cultures— 

Enter oidca. 
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B. Symptoms pointing to the respiratory system : — 

I. Nose: — 

{a) Acute rhino-pharyngitis : — 

Examine secretion microscopically and culturally: — 

1. Spirochaetes — SpirochcBtal rhino-pharyngitis, 

2. Micrococcus catarrhalis and similar organisms 

—Common cold. 

3. Influenza bacillus or filterable virus present — 

Influenza, 

4. Influenza baccillus, or filterable virus with 

SireT^ioQ,ooc\Strepiococcal complications of 
influenza. 

{b) Nose partially hlocned : — 

Examine swabs microscopically and culturally for the 
Klcbs-Loeffler bacillus — Diphtheria. 

(c) Larynx : — 

More or less stridor. Examine swabs of throat for 
Klebs-Loeffler bacillus — Diphtheri i. 

(d) Bronchi : — 

Signsof bronchitis, with or without blood in the sputum. 
Examine fresh sputum microscopically, and if 
necessary by the dark ground illumination : — 

1 . Eggs — Paragonimiasis. 

2. Spirochaetes — Bronchospirochcefosts. 

3. Fungi — Bronchomycosis. 

4. Acid-fast organisms: — 

(A) Tubercle bacilli — Tnhcrciilosis, 

(b) Nocardia — Pulmonary Nocardiasis. 

{e) Lungs and pleura : — 

Physical signs of inflammation of the lungs or pleura, 
or both: — 

r. Expectoration chocolate - coloured — Liver 
abscess. 

2. Expectoration bloody or rusty. Examine 

microscopically for the same points as under 
bronchi and for the pneumococcus — Pneu- 
monia. 

3. Expectoration not chocolate-coloured nor 

bloody — Diseases of lungs and pleura other 
than above. 

C. Symptoms pointing to the circulatory system : — 

1. Marked collapse after exposure to great heat (especially 

associated with high atmospheric humidity) or to the 
sun’s rays. There may or may not have been initial 
fever — Heat syncope. 

2. Disturbed action of the heart, with severe constitu- 

tional symptoms and petechial eruption — Infective 
endocarditis. 


96 
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D. Symptoms pointing to the urinary system .* 

{a) Urine black, due to haemoglobin : — 

1. Following on a dose of quinine — Quinine Jumo- 

glohinuria. 

2. With malarial parasites in numbers in blood— 

Malarial hcemoglohinuria, 

3. Not associated with quinine or malarial parasites 

in numbers in the blood — Blackw at er fever. 

4. Associated with the administration of some drug 

such as chlorate of potash for a sore throat — 
Toxic hcemoglohinuria. 

(b) Suppression or marked diminution of the urine: — 

Differentiate by the history of the case, the region of 
infection, the presence or absence of Faget's sign, 
black vomit, etc. — Blackwater fever or Yellow fever. 

(c) Passage of large quantities of urine : — 

Examine for malarial parasites or other signs of 
malaria — e.g., enlarged and tender spleen — 
Pernicious malaria. 

{d) Bile in the urine: — 

1. Associated with haemoglobin — Blackwater fever. 

2. Not associated with haemoglobin: — 

(A) In epidemic form: — 

Examine blood and urine for spirochaetes. 

(i.) Mild cases — Icterus castrensis /ms. 
(ii.) Severe case with haemorrhages — 
Icterus castrensis gravis {WeiVs 
disease) . 

(B) Not in epidemic form: — 

No spirochaetes. During or after an attack 
of typhoid or paratyphoid fever — Bacillary 
jaundice [Enteric jaundice ) . 

E. Symptoms pointing to the reproductive system : — 

[a] Chill, sudden pain and swelling along the spermatic 
cord, with often severe fever, but no erysipelatous 
appearance of the skin — Endemic funiculitis. 

[h) Fever after cliildbirth. Examine the aseptically 
collected uterine dis. harge for streptococci and 
other or Puerperal fever. 

F. Symptoms pointing to the lymphatic system : — 

[a) Cervical glands enlarged: — 

I. Most marked on the left side, associated with 
obstinate constipation and mild symptoms. 
Puncture of glands reveals no organisms — 
Pfeiffer's glandular fever. 
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2. Most marked in the posterior triangles of both 

sides of the neck. History of residence in sleep- 
ing sickness areas. Glandular fluid obtained by 
puncture shows trypanosomes — Trypanosomi- 
asis^ 

3. Enlarged glands in neck and other parts. (Edema 

of face with characteristic crepitation. Fugitive 
oedemas in various parts. Enlarged and tender 
spleen. Enlarged liver. Increase in size of the 
thyroid gland. Residence in Tropical South 
America — Chagas' disease, 

(/;) Lymph glands anywhere enlarged : — 

4. Pain in some lymph glands ; tender, enlarged, 

freely movable under skin. Search area drained 
by lymphatics going to gland for circular vesicle 
or small black or brownish necrotic area indica- 
tive of a bite. Puncture of glands shows no 
bipolar plague bacilli. Histor}^ of residence in 
the Akitaken and Nugataken of the Island of 
Nippon, Japan — Tsutsugamnshi disease. 

(r) Inguinal or axillary glands enlarged : — 

5. Acute onset, high fever, great prostration. Punc- 

ture of glands reveals plague bacilli — Plague. 

6. Gradual onset, slight fever. Very mild symptoms, 

malaise, pain on walking. Inguinal or crural 
glands enlarged, hard, very painful on pressure. 
Puncture shows sterile fluid — Climatic htiho. 

7. Glands enlarged, inflamed, or suppurating, with 

chancre on penis, septic wound, or ulcer or 
gonorrhoeal infection — Septic infections. 

8. Occurring in the course of one of the enteroidea 

fevers — Intestinal infections. 

9. High fever, lymphangitis, associated with an 

erysipelatous condition of the skin. Blood 
examination during night (or during the day in 
certain cases) reveals microfilaria — Filarial 
lymphadenitis. 

G. Symptoms pointing to the musetdar system : — 

[a) Remittent or intermittent fever, with rheumatoid 
pains and abscesses in various parts of the body — 
Myositis purulenta tropica. 

[h) Remittent fever, with rheumatoid pains, but no 
abscess formation. (Edematous patches often 
present, marked eosinophilia — Trichinosis. 

H. Symptoms pointing to the osseous system .— 

[a) Pain and tenderness, especially near a joint — Osteo- 
myelitis. 
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(b) Sudden attack of fever, with great tenderness over, 
and pain in, the os calcis or other tarsal bone, which 
begins to increase in size — Endemic enlargement of 
the os calcis. 

I. Symptoms pointing to the connective tissue : — 

Rigors with fever and aching or dragging sensation, and 
outline of a worm under the skin of affected area — 
Dracontiasis. 

J. Symptoms pointing to the nervous system : — 

{a) Almost any acute sign or symptom pointing to the 
nervous system, including signs of mania, melan- 
cholia, or dementia, and associated with fever, with 
or without enlargement of the spleen. Examine 
blood for malarial parasites or mononucleosis — 
Malaria. 

[h] Signs of meningitis present — e.g., Kernig’s sign, re- 
traction of the head, etc. Examine cerebro-spinal 
fluid: — 

1. Polymorphonuclear leucocytes and cocci present — 

Epidemic cerebrospinal meningitis. 

2 . Trypanosomes present; also in juice from enlarged 

neck glands. Residence in Tropical Africa- — 

Sleeping sickness. 

(c) Signs of acute alcoholism: — 

If picked up by the police, even if there is a smell of 
alcohol, examine spleen and take blood films if 
necessary. Drunk or dying in the tropics is often a 
question of alcoholism or malaria. Fever may be 
absent in both instances — Acute alcoholism or 
malaria. 


D. DERANGEMENT OF SOME ORGAN. 

The signs and symptoms associated with some organ of the body 
may be considered under the following headings: — 

1. The Spleen. 

2. The Liver. 

3. The Pancreas, 

4. The Suprarenal Capsules. 

5. The Parotid. 

A. The spleen : — 

I, Enlargement slight :• — 

Rose-coloured spots on the abdomen. Symptoms of 
typhoid fever. Make blood cultures and faecal cultures 
— Enter oidea fevers. 



derangement of some organ 


1525 


II. Enlarged and fender : — 

{a) Examine blood films for malarial parasites and for 
spirochaetes — Malaria or Relapsing fevers. 

[b) With oedema of the face and enlargement of the 
thyroid and lymphatic glands and liver. Residence 
in South America — Chagas* American trypano- 
somiasis. 

III. Enlargement considerable : — 

[a) Generally a history of illness lasting ^ome time, of 

which present fever is only a recurrence. Firm 
enlargement. Malarial parasites in blood — Exacer- 
bation of chronic malaria. 

[b] No malarial parasites in the blood: — 

Great increase in white blood cells with myelocytes — 
LeukcBmia. 

{c) No malarial parasites and no great increase of leuco- 
cytes in the blood: — 

1. Splenic or hepatic puncture shows Leishman- 

Donovan bodies — Kala-azar. 

2. Shows no Leishman-Donovan bodies — Febrile 

splenomegaly. 

3. Toxoplasma bodies present — Toxoplasmosis. 

B. The liver : — 

Enlarged and tender: — 

1. Pain in the right shoulder, rigidity of right rectus, 

diminution of movement of right side of the dia- 
pliragm. Examine motions for anKjebic cysts and 
the blood for mononucleosis (present) and malarial 
parasites (absent) — Amoebic liver abscess. 

2. Signs of severe septic infection, jaundice, etc. If 

origin of sepsis not evident, examine faeces for intes- 
tinal worms and for enteroidca micro-organisms — 
Multiple septic liver abscesses. 

3. Slight yellowish tinge in the sclerotic, seldom signs of 

general jaundice. Patient not seriously ill. No 
amoebiasis — Tropical liver. 

C. The pancreas : — 

I. With intense pain in the upper and left part of the abdomen, 
which is distended with gas; vomiting and constipation — 
Acute pancreatitis. 

II. Signs and symptoms of diabetes; threatened Kussmaul s 
coma. Recurrent attacks of fever every other day. 
Examine for malarial parasites; if absent and if only 
polymorphonucleosis give a few doses of quinine and 
note action on fever — Malaria and diabetes. 



15^6 THE DIAGNOSIS OF A TROPICAL FEVER 

D. Suprarenal capsules : — 

Signs suggestiveof acute peritonitis — high fever, distended 

tympanitic abdomen, quick pulse. No effusion into abdo- 
minal cavity. Examine blood for malarial parasites and for 
mononucleosis. If absent, give quinine and again test blood 
— Acute malaria attacking suprarenals. 

E. Parotid glands : — 

Painful tender swelling of parotid, especially if bilateral — 
Mumps. 

II. ACUTE FEVERS WITHOUT STRIKING PHYSICAL SIGN. 

A Patient is carrying on his ordinary work : — • 

1. Fever is intermittent, every third or fourth day. Examine 
spleen for enlargement and tenderness, and examine blood 
for malarial parasites and mononucleosis, which may be 
absent. Clinical symptoms alone may be positive — 
Malarial Jevers, 

II. Fever is quotidian. Examine spleen for tenderness and 
enlargement. Examine blood for malarial parasites 
and mononucleosis. If none, give (piinine and note 
action on fever — Malaria. 

II 1 . No malarial parasites, and quinine therapy witliout effect : — 
(a) Pulse dicrotic; slow in proportion to the temperature. 
History of several days’ indisposition. Tongue 
furred, constipation, or diarrhoea. Gurgling on 
pressure in right iliac region. Make blood and 
fiecal cultures, and examine for enteroidea organisms 
— Enteroidea group of fevers. 

{h) Pulse not dicrotic; slow in proportion to the tempera- 
ture. Attack sudden, with at first pain and tender- 
ness, wliich later disappear in the region of the 
appendix. No malarial parasites in blood^ — Gan- 
grenous appendicitis. 

[ci) Abrupt onset, catarrhal symptoms, with sensation of 
considerable illness and with generalized pains, often 
in epidemic form — Influenza. 

[d) With or without signs of bronchitis, enlargement of 

liver and spleen, or with signs of broncho-pneuihonia. 
Examine sputum for tubercle bacilli, or if lung 
symptoms absent test cuti-reaction — Acute phthisis 
or tuberculosis. 

[e) Gradual onset, temperature increasing every night. 

Headache and rheumatoid pains in body and limbs. 
Tongue furred. Blood cultures for M . melitensis 
and M. par amehtensis — Undulant fever. 
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B. Patient unable to carry on his usual duties : — 

[a) Liver and lymphatic glands enlarged. Spleen not en- 
larged. Examine blood. Signs of great destruction of 
red blood-corpuscles (presence oi Bartonella bacilliformis). 
Residence in Peru — Oroya fever. 

{b) Sudden onset, with injected conjunctivse (pink eye), high 
fever, comparatively slow pulse. Severe rheumatoid 
pains. Liver and spleen normal. Patient irritable, 
with pain in head and eyes, and may be delirious. 
Endemic area iorPhlebotomus flies — Pappataci fever, 

{c) Sudden onset, with severe pain in some part of the body 
or all ovei" the body. With or without enlargement of 
the lymph glands, with generally a maculo-papular erup- 
tion on the third or fourth day. Conjunctivae injected. 
Fauces congested. Pulse increases proportionately with 
the fever. Endemic area for stegomyia (perhaps also 
for Culex fatigans) — -Dengue fever. 

(d) Sudden onset. Hypencsthesia over shins. Pains in the 

legs. Often slight splenic enlargement. Mononucleosis 
in blood. May or may not be history of association with 
lice. Blood examination excludes malaria, relapsing 
fever, etc. — Trench fever. 

[e) Sudden onset, with or without rigors and pains. Examine 

blood for malarial parasites — Malaria. 

(J) Gradual onset. Signs of enteric fever. Make blood and 
hecal cultures — Enteroidea group of fevers. 

(g) Blood examination reveals marked polymorphonuclear in- 

crease. Examine gums, teeth, ear, nose, throat, fingers, 
toes, bones, and every orifice of the body, for possible 
source of infection; make blood cultures — Septicaemia. 

(h) Blood examination. Examine night and day blood for 

microfilariae — Filariasis. 

(i) Examine fecces for intestinal eggs, especially after a purga- 

tive — Toxcemias due to intestinal worms. 

(j) Gradual onset, with marked pains in the joints, profuse 

sweating, high fever, and relatively slow pulse. Furred 
tongue — Undulant fever. 

(k) Sudden onset, with hyperpyrexia, delirium, or coma asso- 

ciated with liigh atmospheric temperatures — Thermic 
fever [heat-stroke). 

(/) Sudden onset, with or without history of fever. Syncope 
associated with high atmospheric temperatures — Heat 
syncope. 
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FEVERS OF MORE THAN EIGHT DAYS’ 
DURATION. 

Fevers of more than ei^ht days* djid. less than six weeks' dnrdiiion 
may be classified as follows: — 

A. Fever of intermittent type : — 

With malarial parasites or pigment in blood or with enlarged 
spleen : — 

I. Fever every day — Quotidian malaria. 

II. Intermittent fever every third day — Tertian malaria. 

III. Intermittent fever every fourth day — Quartan malaria. 

B. Fever of the relapsing type : — 

I. Without malarial parasites or pigment, and not reacting 
to quinine therapy. Intervals between attacks several 
days. During attack spirochaetes in blood — Relapsing 
fevers. 

II. With malarial parasites and no signs of spirochaetes, and 
reacting to quinine therapy — Malaria. 

III. Without parasites, and only one or two relapses; not 
reacting to quinine therapy. After a long fever pre- 
sumed or proved to be enteroidea in type. Examine 
faeces and urine for enteroidea organisms — Enteroidea 
type of fever. 

C. Fever remittent or continuous : — 

I. Reacting to quinine therapy— 

II. Not reacting to quinine therapy. 

A. WITH MARKED PHYSICAL SIGNS. 

1. W ell-defined local pain and tenderness : — 

Examine blood films. Leucocytosis, blood cultures, urine 
cultures. Lastly, examine cerebro-spinal fluid (earlier 
if head or spine symptoms) — Septiccemias or toxoimias 
due to foci of deep suppuration. 

2. Signs of lung disease : — 

Examine sputum: — 

[u] lubercle bacilli — Tuberculosis. 

[b) Other organisms and signs of pneumonia — 
Broncho-pneumonia. 

3. Organic cardiac murmurs : — 

With or without petechial eruptions. Signs of gonorrhoea 
or rheumatism — Infective endocarditis. 

4. Nervous symptoms : — 

Pain in the head, retraction of the head. Kernig’s sign. 
Examine cerebro-spinal fluid — Meningitis. 
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WITH MARKED PHYSICAL SIGNS 

5. Skin eruptions : — 

{ol] Rose-red spots — Enter ic fevers. 

(h) Idushing of the face, with subcuticular mottling and 
severe symptoms. Typical eruption on fourth day — 
Typhus fever. 

(c) Purulent discharge from nose. Bullse, nodules, and 
ulcers in skin, with papulo-pustular eruption. 
Work with horses — Gland^ers. 

{d) Pustular eruption — Glanders. 

(e) Dark or black pigmentation — Addison's disease. 

6. Enlarged lymphatic gls-nds—Hodgkin's disease. 

7. Tenderness in a bone, especially near a joint. Blood 

cultures — Osteomyelitis. 

8. Nodules and tenderness in muscles. Puncture the nodules 

and examine : — 

(a) Pus — Purulent myositis. 

{b) Filaria — Filariasis. 

9. Splenic enlargement : — 

Examine blood: — 

{a) Marked increase of lymphocytes or leucocytes with 
myelocytes — Leukamia. 

(b) Malarial parasites or pigment in leucocytes — 

Malaria. 

Splenic or hepatic puncture : — 

(а) Malarial parasites or pigment — Malaria. 

(б) Leishmania parasites — Kala-azar. 

(c) Absence of Leishmania parasites — Splenomegalyy 

febrile form. 

(d) Toxoplasma bodies present — Toxoplasmosis. 


B. WITHOUT MARKED PHYSICAL SIGNS. 

A. Intermittent fevers : — 

I. Fever every third or fourth day — Malaria. 

11 . Fever every day. Examine blood : — 

1. Malarial parasites or distinct mononucleosis — Malaria. 

2. Malarial parasites abse’d; distinct polymorpholeuco- 

cytosis — 'Septic fevers. 

B. Relapsing fevers : — 

Fever for several days after period of apyrexia — Relapsing 
fevers. 

C. Remittent and continuous fevers : — 

1 . Benehted by quinine, with or without parasites in blood — 
M alaria. 
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11. Not benefited by quinine: — 

(a) Test the serum reactions for typhoid and the para- 

typhoids, and the other common enteroide organ- 
isms of the period and locality. Confirm by blood 
cultures — large quantities, lo c.c., of blood taken 
at night — or by fecal cultures — Efiteroidea group. 

(b) Test for Mediterranean fever by serum reactions and 

blood cultures — Undulant fever. 

(c) Culture of aseptically collected urine — Pyelitis. 

{d) Examine motions for eggs of intestinal worms — In- 
testinal toxcemias due to nvorms. 

[e] Wassermann reaction — Syphilis. 

(/) Cuti reaction for tuberculosis — Tuberculosis. 

(g) Other causes having been excluded. Bodily tempera- 

ture 9C}°-ioi° F. ; shows only slight rise once a day. 
Patient indisposed during the attack — Low inter- 
mittent fever. 

[h] Patient residing in locality with high atmospheric 

temperatures. Patient not indisposed during the 
attack — Loio heat fever. 

{i) Same as in [g), but in children with higher tempera- 
tures, loj^'-io..)"’ F., or mort— High iniermittent 
fevers. 

CHRONIC FEVERS. 

By the term ‘ chronic fevers ' we mean those which continue longer 
than six weeks. 

A. Intermittent in type : — 

I. Occurring every third day, with enlargement of the spleen 
and malarial parasites, or yielding to quinine therapy — 
Tertian malaria. 

II. Occurring every fourth day, with enlargement of the 
spleen, and malarial parasites or pigment in the blood, 
or yielding to quinine therapy — Quartan malaria. 

III. Occurring every day, with enlargement of the spleen and 
malarial parasites, yielding to quinine therapy — 
Quotidian malaria. 

B. Relapsing in type : — 

Attacks of fever lasting a few days, separated by intervals of 
several days, with severe symptoms. Examine blood for 
spirochsetes. If necessary, inject monkeys and examine 
blood during an attack of fever for spirochaetes — Relapsing 
fevers., 
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C. Remittent or continuous in type : — 

1 . Benefited by quinine therapy — Malaria. 

II . Apparently not benefited by quinine therapy: — 

[a] Ulcers or tumours present in some part of the body. 
Examine thoroughly, including nose, naso-pharynx, 
and all apertures of body. Especially examine the 
teeth, particularly crowned teeth or bridges. Ex- 
amine fingers and toes carefully — Septic infection or 
absorption. 

[h) Cutaneous dark pigmentation a marked feature : — 

1. Examine spleen for enlargement and blood for 

malarial parasites or mononucleosis. Insuffi- 
cient quinine administered — Malaria. 

2. Fever generally absent. No signs of malaria. 

Vomiting at times. Weakness, etc. — Addison's 
disease. 

{c) Splenic enlargement a marked feature : — 

I. Examine blood films: — 

No malarial parasites seen. 

(a) Marked increase in white; cells, lymphocytes, 

or with myelocytes — Leukemia. 

(s') Having excluded leiikjemia, hut not before, 
examine blood obtained by splenic punc- 
ture : — 

1. Malarial pigment or parasites present — 

Malaria. 

2. I>eishman-Donovan bodies present — Kala- 

azar. 

3. Leishman - Donovan bodies absent — 

Febrile splenomegaly. 

4. Toxoplasma-like bodies present — Toxo- 

plasmatic febrile splenomegaly. 

5. All parasites absent — Pseudo-kala-azar . 

[d) CEdema a marked feature 

I. Examine blood for malarial pigment, parasites, 
or mononucleosis, and the spleen for enlarge- 
ment — Chronic malaria. 

II. No signs of malaria: — 

(A) Examine motions for eggs of intestinal 
worms, especially ancylostoma ova — 
A nkylostomiasis . 

(b) No eggs or signs of worms. In South 

America. Examine blood during an attack 
of fever for trypanosomes — Chagas* 
disease. 
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(e) Intestinal iniigestion a marked feature : — 

I. Examine motions after test-meal for muscle 
fibres, fat globules; extract fat. Examine urine 
for Cammidge’s reaction. Fever not a marked 
symptom — Chronic pancreatitis. 

II. Attacks of fever a marked symptom. No muscle 
fibres, etc., in motions. No Cammidge’s urin- 
ary reaction. Examine faeces after a purge for 
eggs of intestinal worms, and if absent, for 
micro-organisms of proteus and allied groups — 
Intestinal injections and iooccemias in helmin- 
thiasis. 

(/) Enlarged lymphatic glands a marked feature : — 

I. Fever not a marked feature; glands very much 

enlarged in many parts of the body. No very 
great increase in the number of leucocytes — 
Hodgkin's disease. 

II. Attacks of fever a marked feature. Glands only 

moderately enlarged, especially in the posterior 
triangles of the neck. Residence in Tropical 
Africa. Examine gland juice for trypanosomes 
— Sleeping sickness. 

Summary, 

This small sketch of the diagnosis of certain tropical fevers may 
be found useful when read in conjunction with the preceding 
chapters. We would, however, again emphasize the point that 
the only method of diagnosing fevers is by long bedside experience, 
associated with careful laboratory work. 
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FRAMBCESIA TROPICA 

Synonyms — Definition — History — Geographical distribution — -Etiology — 
Histopathology — -Symptomatology — Diagnosis — Prognosis — Treatment 
— Prop hylaxis — P-cf eren ces . 

Synonyms. — In the British Colonies the disease is usually called 
' yaws in the French colonies ' pian/ In Venezuela and other 
South American countries the name ' bubas ’ is much used. German 
and Italian authors generally use the term ' Framboesia/ which was 
first used by Sauvage in 1750 on account of “^he raspberry-like 
appearance of the eruptive elements. Charlouis in 1882 suggested 
the term 'Polypapilloma tropicum’; Noc, Stevenel, and Iman 
introduced the term ' Castellani's spirochectosis/ Da Matta 'Cas- 
tellani’s treponemosis/ and Violle the term ‘cutaneous spirochae- 
tosis.' Other local names are ‘ gattoo * (West Coast of Africa), 

‘ dubi ’ (Gold Coast), ‘ framosi ' (Calabar), ‘ ab oukinc ' (Gaboon), 

‘ nkoulou,’ ‘tetia’ (Congo Coast), ‘ momba ' (Angola), ‘ parangi ’ 
(Ceylon), ‘ buena ’ (Burma), ‘ puru ' (Borneo, Federated Malay 
States), ‘ patek ’ (Dufcli Indies), ‘tonga' (New Caledonia and 
Loyalty Islands), ‘coco' (Fiji), ‘ tona ' (Tonga Island), ‘ lupani 
tono ' (Samoa), ‘ galis pateros ' (some parts of the Philippine 
Islands), ‘ ki-mo ' (French Indo-China). 

Definition. — ^A tropical specific infectious and contagious disease 
caused by Treponema pertenue Castellani, and characterized by 
frambeesiform granulomatous eruption. 

History. — It has been suggested by Hume, Adams, and others tha 
framboesia was the disease which afflicted the Israelites during theii 
emigration from Egypt, and that therefore the term ‘ saraat ' 
in the thirteenth chapter of Leviticus does not mean leprosy, as 
usually translated. Ali Abbas and Avicenna, who wrote at the 
end of the tenth century, mention a disease called ‘ safat,' or 
‘ sahafati,' with symptoms not unlike those of framboesia; but most 
authors are of the opinion that the disease referred to by the two 
Arabian physicians was syphilis. The study of the disease first 
began to engage the attention of European physicians after the 
discovery of America. Oviedo y Valdez (1478-1557) describes it in 
his work, ‘ Historia General e Natural de las Indias.' Piso (1648) 
refers to the malady in his work, ‘ De Medicina Brasiliensis.' Roche- 
fort (1656), Raymond Breton (1665), ^^d Labat (1694), report it 
from the West Indies, stating that it occurs frequently among the 
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natives (Caribs), who called it ‘ pyans/ or ' yaya/ Bontius in 1718. 
reported that framboesia was endemic not only in the West Indies, 
but also in Java, Sumatra, and other Dutch colonies of the East, 
where it was known by the name of anboyna pox, or pimple. 
In the days of the slave-trade, outbreaks of framboesia frequently 
occurred in the crowded ships carrying African slaves to America. 
Special hospitals for the isolation and treatment of slaves suffering 
from the disease were built on all the important estates in the West 
Indies. Occasionally in the countries in which it is endemic the 
disease may increase to such an extent as to cause veritable epi- 
demics. An example of such an epidemic occurred in Dominica in 
1871, when two special segregation hospitals had to be built for 
framboesia patients. 

In 1769 an outbreak of a peculiar disease occurred in Scotland. 
It was called ' sibbens,’ or ‘ sivvens ’ (stvrn, Celtic for raspberry), 
and was apparently imported by sailors belonging to a vessel coming 
from the West Indies, which was wrecked off Wigton in Cumberland. 

The so-called ‘ button scurvy ' of Ireland, endemic there in the 
eighteenth and the beginning of the nineteenth centuries; the 
‘ radesyge,’ which broke out in Sweden and Norway in 1710; and 
the ‘ mal de chicot ’ in Canada, have likewise been considered by 
some writers to be forms of framboesia. 

Several authors have endeavoured to distinguish between 'yaws/ 

' pian,’ ' boubas,’ and ' parangi ’ ; but those who have had the oppor- 
tunity to study the disease in different countries have all come to 
the conclusion that 'yaws,' ' pian,' 'boubas,' and 'parangi,' are 
simply different names for the same disease, though of course each 
of these terms is often used by natives to cover several closely 
allied conditions. The term ' boubas,' for instance, is used by the 
inhabitants of Brazil for various ulcerative conditions, such as 
frambcjesia, leishmaniasis, and blastomycosis, but most of the 
medical vSouth American authorities use it as a synonym for fram- 
bcesia. Unfortunately, Breda used it to denote a form of leish- 
maniasis, and caused much confusion. The experimental researches 
of one of us in cases of framboesia contracted in different parts of 
the world (tropical America, East and West Africa, etc.) show that 
'yaws,’ ‘ pian,’ 'boubas,' and 'parangi,' are merely synonyms, 
but it is possible that there may be several varieties of the spiro- 
chaete which is the cause of the disease. 

Since the time of Labat several authors have upheld the syphilitic 
nature of framboesia. This theory was supported at one time by 
Sir J. Hutchinson. In recent times the disease has been investi- 
gated, both clinically and experimentally, by a large number of 
observers. 

In 1882 Charlouis proved by actual experiment that syphilis and 
framboesia are two different maladies. The clinical investigation of 
the disease by Numa Rat was also of great value. His report, 
published in 1891, has become classical. 

Among the more recent observers who have investigated the 
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disease in various parts of the tropics are Neisser, Daniels, Wellman, 
Jeanselme, Powell, Braush, Martin, Halberstadter, von Prowazek, 
Ashburn, J. Craig, Nichols, Strong, Flu, Noc, Stevenel, Iman, 
Da Matta, Spronk, Shennan, Schuffner, Maul, and many others. 

Geographical Distribution. — Framboesia is essentially a tropical 
disease, as few, if any, genuine cases have been reported from 
places outside the tropical and subtropical zone, and in the tropics 
it is never found on the mountains and cold districts, as we remarked 
in the previous editions of this manual. Bahr states that cases 
who have contracted the disease at a higher elevation than 800 feet 
are very rare. At the present time a skill disease not unlike 
framboesia lias been reported from Greece by several writers. 



Fig. 085.- -Distribution of F'RAMBOisiA Tropica. 

Africa.— The disease till recently was said to be very rare in 
the northern regions of the continent, though some cases were 
reported from Algeria; the researches of Gabbi and Sabella have 
demonstrated, howevcT, that it is common in Tripoli. It is appar- 
ently rare in Egypt, though, according to some writers, it is 
observed fairly frequently in the vSudan. It is very common on 
the West Coast, especially on the Gaboon River, in the Congo Free 
State, and in Angola. The disease is quite common in Nigeria. 
It is also found in Mozambique, in Madagascar, and the Comoro 
Islands. In Uganda and the region of the Great Lakes it is occa- 
sionally met with. It has been note 1 among the Kaffirs in South 
Africa, near Kimberley, by Griffith, and by many other observers 
in several other districts of South Africa, Rhodesia, and Nyasaland. 

Asia . — ^Thc disease is very common in the Malay Peninsula, 
Assam, Upper Burma, Siam, Java, Batavia, and is extremely 
frequent in Ceylon, where the number of cases treated in the 
Government Hospitals during the last ten years has been on the 
average 3,500 per year, and it must be noted that the patients 
treated in hospitals represent only a small portion of all the cases. 
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In India it is very rare, though small outbreaks of the disease 
have been described by various observers. It occurs in certain 
parts of^China, but is unknown in Japan and the central and western 
regions of the Asiatic continent. It is present in the Philippine 
Islands. 

America. — It is very common in the West Indies, and occurs m 
British Guiana, Venezuela, Colombia, and Brazil. Cases have been 
reported from the southern United States, but never from the 
northern States nor from Canada. Recently Wood has recorded 
a case in a white child in North Carolina. 

Australasia. — ^The disease is present in Northern Australia, and 
occurs frequently in many of the Pacific Ocean islands — Samoa, 
New Hebrides, New Caledonia, and Fiji. It is <absent in New 
Zealand and Tasmania. 

-^Etiology. — ^Different kinds of bacteria have been described as 
causative agents of frambeesia. Eijkman found some peculiar 
bacilli; Paricz observed numerous micrococci ; Powell, in 1896, culti- 
vated from two cases a yeast; Nicholls and Watts, in 1899, isolated 
a coccus which, inoculated into animals, failed to reproduce the 
disease. In February, 1905, Castellani observed a Treponema, or 
spirillum, as he thought it at the time. This organism, which he 
called T. pertenite, is now generally admitted to be the cause of the 
disease. For the description of the organism, see p. 457. 

Incidence of the T. pertenue in Frambeesia Lesions. — The presence 
of tlic Treponema is constant in the primary lesion and in the un- 
broken papules of the general eruption. It may be found in the 
spleen, lymphatic glands, and bone-marrow. In the blood it has 
not yet been deanonstrated microscopically, though there is no 
doubt that the blood of the general circulation is infectious, inas- 
much as monkeys inoculated with it develop typical yaws lesions 
in which the Treponema is abundantly present. The Treponema is 
absent in the cerebro-spinal fluid, and generally in the tertiary 
lesions. 

Bacteriolosiical Flora found in Open Sores of Frambeesia. — -While 
T. pertenue is the only germ found in the non-ulccrat ed lesions, the 
ulcerat ed lesions of framba'sia arc soon invaded by all kinds of germs. 
Apart from innumerable bacteria, various kinds of spirochaites are 
present. One form is ratlier thick, and takes up the stain easily. 
It is morifiiologically very similar to the Spirochceia refringens of 
Schaudinn. Another form is thin, delicate, with coils varying in 
size and number, and with blunt extremities — S. obtusa Castellani. 
A third form is likewise thin and delicate, but tapers at both ends 
— S. actmiinaia Castc'llani: T. pertenue is also present in many 
cases. 

Inoculation Experiments of Frambeesia in Man. — Paulet, in 
1848, inoculated fourteen negroes with the secretion taken from 
framboetic granulomata. All of themTdeveloped frambeesia, the 
inoculation period varying from twelve to twenty days, when at 
the sea+ of inoculation in ten cases the first nodule appeared, soon 
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followed by a typical general eruption. In two cases apparently 
the eruption did not start from the seat of inoculation. 

Charlouis, in 1881, inoculated thirty-two Chinese prisoners, who 
had never suffered from the disease, with crusts and scrapings from 
a case of yaws. The disease developed in twenty- eight of them, 
beginning invariably at the seat of inoculation. Moreover, he 
inoculated a native suffering from typical yaws with syphilis. The 
inoculation was quite successful, a primary syphilitic sore develop- 
ing, followed by all the usual types of secondary eruption. That 
yaws patients are not immune against syphilis is proved also by 
Powell and Nichols and others, who have described several cases 
of syphilis supervening on yaws. Syphilitic patients may contract 
framboesia naturally and experimentally. 

Inoculation Experi- 
ments in Monkeys and 
Other Animals. — Neis- 
ser, Prowazek, Halbei- 
stadler in Java, and 
shortly afterwards Cas- 
tellani in Ceylon, have 
shown that monkeys 
are susceptible to fram- 
boesia. According to 
their experiments, the 
inoculation period varies 
from a minimum of six- 
teen days to a maxi- 
mum of ninety-two. 

The appearance of the 
lesions developing at the 
seat of inoculation is 
practically the same in 
all cases-^viz., an infil- 
t rat eel spot slowly in- 
creasing in size, and 
soon becoming moist, the secretion drying into a thick crust. 
Removal of the crust exposes a raw, granulating, red surface. 

In the monkeys of a low class (genus Macacus, genus Semnopi- 
thecus) the eruption is, as a rule, localized to the seat of inoculation. 
The infection, however, is general, as is proved by the presence of 
T. pertenue in the spleen and lymphatic glands besides the local 
lesions. Halberstadlcr has obtained a general eruption in ourang- 
oiitangs. According to Castellani’s experiments, splenic blood, ob- 
tained by puncturing the spleen of a patient affected with fram- 
boesia, can reproduce the disease in monkeys. The inoculation of 
the blood of the general circulation also may occasionally produce 
the disease. The inoculation of cerebro-spinal fluid into normal 
monkeys has always proved negative. 

Neisser, Halberstadter, von Prowazek in Java, and later Castellani 



Fig. 686. — Monkky inoculated with 
Frambcesia. 
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in Ceylon, have proved that monkeys successfully inoculated with 
frarabisia do not tbcaoby become immune to syphilis, and, vtce 
S moikcvs successfully inoculated with syphilis do not thereby 
recorae iiunc to fraraba^sia. According to Lcyaditi, monkeys 
Sr^^nizod for yaws do not acquire any immunity for syphilis, but 
monkeys immunizc.l for syphilis may acquire a partia immunity 
for framlxesia. According to Ashburn and Craig, monkeys of the 
species ('ynomols^us philipp'incnsis are susceptible to tramboesia, 

but not to syphilis. . 

Tlie following facts arc in favour of the T. peviemio being the 


s])ecihc cause of frambadsia: — 

1. In the non-ulcerated jiapules, in the spleen, in the lymphatic 
glands of frambfesia patients, as well as in inoculated monkeys, 
the T. periemte is the only organism present. No other germ 
can be demonstrated either microscopically or by cultural 
methods. 

2. The extract of framboesia material containing the T, pertenue, 
but, so far as our present methods of investigation permit us to say, 
no other germs, is effective when inoculated into monkeys. 

3. The extract of framlxesia material from which the T. pertenue, 
has been removed l)y fdtration becomes inert, and monkeys inocu- 
lated with it do not contract the disease. 

Predisposing Causes. — As is the case in other infectious diseases, 
dirt and other insanitary conditions favour to a certain extent 
the development and dissemination of the disease. The malady 
is rare among Europeans, and also among the better-class natives, 
who live amidst good sanitary surroundings, while it is very 
common among the villagers and low-caste natives, who live in 
uncleanly overcrowded huts. Sex does not exercise any influence, 
nor docs age to any great extent, though the disease is more fre- 
quently met with in children and young pi'ople. The native prac- 
titionc^rs of Ceylon arc inclined to ascribe an important predis- 
posing iiilluence to certain foods. Some incriminate a kind of 
fish called ' balla mai,’ others a cereal known as ‘ kurrakan.' 
Duprey inculpates in the West Indies the abuse of mango fruit. 

Histopathology. — ^'Flie histo])athology of framboesia has been in- 
vestigated by Unna, Macleod, Jeanselmc, Plclin, and more recently 
by Schiiffner, Marsliall, Sliennan, Siebert, Ashburn, Craig, and Lobe. 
In the frambmtic papuh^s the surface epithelium is greatly increased 
in thickness, and nuiiuiroiis elongated down-growths are seen. The 
epithelial layers sliow many patches, in which the epithelial cells are 
swollen, vacuolated, and degenerating. Small, sharply circum- 
scribed areas arc also seen containing polymorphonuclear leucocytes 
and detritus. The layers near the corium and its processes are, 
however, almost normal in appearance. The connective-tissue 
corium forms a thin layer, from which narrow, elongated, papillary 
processes pass into the epithelium, some of them nearly reaching 
the surface. The corium is tlie seat of marked oedema. There is a 
diffuse cellular infiltration made up of polymorphonuclear leuco- 
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cytes, large and small mononuclear leucocytes, eosinophiles, plasma 
cells, mast cells, connective-tissue cells, and some extravasated 
erythrocytes. In the older nodules the plasma cells are present 
in such enormous numbers as to dominate all the others. Macleod 
has shown that there is no perivascular mononuclear infiltration 
so characteristic of syphilis, nor 
any endothelial proliferation in 
the vessel walls. The framboetic 
lesion also differs from that of 
syphilis in affecting the epithelium 
rather than the cutis, in the more 
considerable oedema, and in the 
absence, as a rule, of the giant 
cells. 

When the framboetic granulo- 
mata have reached a certain stage, 
a very well-marked hyperkera- 
tosis is noticeable. One of us has 
called eittentionto the appearance 
of the films taken in the usual 
way from the granulomata, and 
stained according to Leishman's 
method. In such films it is inter- 
esting to note the presence of a 
large number of polychromatic 
red blood cells of very different 
sizes, some much larger than the 
normal erythrocytes, some much 
smaller. They arc stained deep 
or light blue instead of pink, and 
sometimes have a granular appear- 
ance. The leucocytes present in 
the films frequently contain in 
their protoplasm, and sometimes 
in their nuclei, roundish or oval, 
more or less deeply blue stained 
bodies, which are probably poly- 
chromatic micro- erythrocytes en- 
gulfed by phagocytes. .Some of 
these bodies present peculiar 
chromatin dots. In such films 
the Treponemata are almost con- 
stantly found. Tlie Treponemata 
may be put in evidence also in sections by using the Volpino- 
Bertarelli or Levaditi's silver staining, as used by Spronk, Shennan, 
and Schiiffner. The examination of sections so stained shows that 
the parasite is mostly found in the epithelial layers. 

Symptomatology.— The course of framboesia may be divided into 
three periods— a primary stage, comprising the development of the 



Fig. 687.- -Frambcesia: Primary 
Stage, .showing the Primary 
Lesion OR Frambcesoma below 
THE Pkhit Knee. 
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primary lesion or framboesoma; a secondary or granulomatous stage, 
during which the characteristic framboetic granulomatous eruption 
appears; a tertiary or late stage, in which the late manifestations 
of the disease develop — deep ulcerations and gummatous-like 
nodules. A fourth period may perhaps be added (paraframbo^sial 
affections). This division into three or four periods is, of course, 
somewhat arbitrary, as symptoms considered to be characteristic 
of one period may make their appearance in another: tertiary 
symptoms, for instance, may appear during the secondary stage. 

It has been stated again and again that the whole course of tlie 
disease lasts from three to six months in children, and six to twelve 
in adults, but according to our experience it has a much longer 
duration, and unless it becomes extinct after the secondary stage 
it may extend to many years. Indeed, we believe that in a certain 
number of cases, although there arc periods during which the patient 
is apparently free from symptoms, tlie infection is merely latent, 
and sooner or later gives rise to renewed manifestations. 

The Primary Stage : Framboesoma.^ — After a period of incu- 
bation, varying in time between two to four weeks, characterized 
often by signs of malaise, rheumatoid pains, headache, irregular 
rise of temperature, the primary lesion or framboesoma a])pears at 
the scat of inoculation, which is always extragcnital. The primary 
lesion is a papule, which after about a week becomes moist, develop- 
ing a yellowish secretion, which dries into a crust. Oflen at the 
place of inoculation several papules appear, become moist, and 
coalesce into a single clement, covered by a thick crust. If after 
some days the crust is removed, the primary sore will ai)peji.r as an 
ulcer, not rarely of large dimensions, witli clean-cut edges and a 
granulating fundus. This ulcer may heal, leaving a whitish scar, 
which may later become pigmented; or in other cases it may 
develop into a granulomatous mass, not dissimilar to the granulo- 
mata of the secondary eruption, which appear later on, but fre- 
quently much larger. This large single projecting nodule is called 
‘ mother yaw,' or ‘ maman pian ' in French patois, ‘ buba madre ' 
in Columbia of South America. Occasionally round it, before the 
general eruption begins, several smaller granulomata develop like 
satellites. The primary sore never feels indurated, and is often 
painful during the first stage of development . Later it may be quite 
painless. Occasionally there may be pruritus. The proximal 
lymphatic glands may become hard and enlarged, but they do not 
suppurate. 

The seat of the primary sore is usually extragenital. The lesion 
may develop on an old ulceration, an itch pustule, an insect bite, a 
wound, or a vaccination mark. The smallest abrasion is sufficient 
for the entrance of the virus. Most of our female patients pre- 
sented the primary sore on one of the mammae, developing on some 
crack or abrasion of the nipple and areola. In several other women 
the primary lesion was found on the skin of the trunk, just above 
the hip, this being due to the custom of the Ceylon woman carrying 
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her child astride of the hip. Any framboetic. element present on 
the scrotum or nates of the child, being continually rubbed against 
the skin of the mother, is likely to cause infection in the latter 
through any slight abrasion already present, or brought about by 
the friction. In men and children the primary lesion is frequently 
found on the hands, arms, and legs, but it may develop on any 
part of the body. 



Fig. 688. — Child with Generat. Granulomatous Eruttions, and 
Mother with the Primary Lesion (Frambcesoma) on the J-,eft Mamma. 

The primary lesion or frambcesoma may heal before the general 
eruption begins, but, as a rule, is still present when the secondary 
eruption appears. We observed a case in which the primary lesion 
was still present six months after its first appearance, and when 
the secondary granulomatous eruption had nearly undergone com- 
plete involution. The duration of the primary lesion, therefore, 
may vary between a few weeks and several months. The primary 
lesion leaves a whitish scar, which later on may become pigmented. 
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In some cases the scar is small and smooth, in others it is large and 
very thick. It is to be noted, however, that in Ceylon the dis- 
figuring scar so frequently seen is partly due to the custom the 
natives liave of cauterizing the sore deeply l)y very primitive 
methods. In other cases the large disfiguring cicatrix is due to 
the frambcesoma having devclopedjonjan old ulcer, which on healing 
leaves a coarse scar. 



Fig. 689. — Frambcesia: General Granui.omatous Eruption. 

The Secondary or Granulomatous Stage. — ^The general eruption 
usually begins between one and three months after the first appear- 
ance of the primary lesion. It is preceded by malaise, headache, 
severe pains in the muscles, joints, and bones. In some cases there 
may be fever of an intermittent type. The patient, however, is 
ordinarily able to attend to his work. The general eruption develops 
as follows: minute roundish papvdes, the size of pin-heads, appear 
on various parts of the body: some papules soon show a yellow 
point or minute yellow crust at their apex. Most of the papules 
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remain of practically the same size for many weeks, and disappear, 
leaving occasionally some furfuraceous patches : others become 
larger, several often coalescing, and frequently acquiring a dark 
areola in natives, a reddish one in Europeans. Some of the larger 
papules increase in size, and develop into the characteristic large 
granulomatous nodules covered with a crust, honey-yellow or 
brownish, formed of desiccated secretion. If the crust covering 
the granulomata be removed, there will be seen a raw surface 
throwing up red or yellowish fungoid granulations secreting a thin, 



Fig. 690. — Fkambcesia (Secondaky Stage): General Eruption. 

slightly purulent secretion, which soon dries into a crust. These 
framboetic granulomata are of various size, from a large pea to a 
nut, and may be found on practically any part of the body. They 
are extremely common on the upper and lower limbs, and on the 
face. On the scalp they arc very rare. They may form rings round 
the mouth and anus, and may enclose sound skin (so-called yaws 
ringworm ) . They may remain of the same size and appearance for 
months. Often, after a few weeks, the secretion diminishes, and 
a process of hyperkeratosis sets in. They then become of much 
harder consistency, and some of them, especially those on the 
dorsum of the feet and toes, may be covered with numerous small, 
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bard, verrucose-like protuberances. In the majority of cases — 
within three to six months in children, and six to twelve months 
in adults — ^the granulomata dry up, shrink, and disappear, leaving 
dark hyperpigment ed spots, or occasionally apigmented areas, on 
their site, which are most persistent. In some cases the granulo- 
matous eruption may continue for several years, new crops of 
nodules appearing from time to time in succession. Each fram- 
boetic granuloma generally undergoes involution within two to four 
months, leaving beliind, as a rule, a dark area or, more rarely, a 
depigmented spot. Occasionally, however, the granuloma does not 
regress so soon. In one of our patients a single granuloma persisted 
for two years after all the others had disappeared. 



Fig 691. — Frambcesia: General Eruption of the Secondary Stage. 

The granulomata are seldom painful, unless they develop between 
the toes, on the soles of the feet, or round the nails. They very 
often cause itching. Tlie patient often exhales a peculiar offensive 
odour, which lias been variously described as sour or musty. This 
is probably due to the growtli of various bacteria, representing 
secondary infections beneath tlie crusts of the granulomata. This 
offensive odour is especially noticeable when the secondary infec- 
tion is due to bacilli of Vincent's fusiform type and coarse spiro- 
chaetes. In such cases, if the sores are well washed with perchloride 
solution for two or three days, these organisms disappear, and the 
smell is no longer noticeable, though the granulomata do not under- 
go any change. Though the framboetic granuloma is the charac- 
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Fig. 603 — Frambcesia: Eruption on the Hands 
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teristic eruption of the secondary stage, there are during this stage 
other types of eruption or framhoesides — ^papular, scaly, and occa- 
sionally ulcerative. An average ordinary case will present at the 



Fig, 695. — Frambcesia: Granulomata on the Heels of the Feet. 


same time several typical framboesiform granulomata, numerous 
small reddish papules with the epidermis intact, other papules 
which have become moist and are covered by a tiny yellow crust. 


Fig. 696. — Frambce.sia: Lksions on Sole of Foot. 



Fig. 697. — Fkambcesia: Lesions on Sole of Foot. 


some granulomata break down, and large irregular ulcers form, 
preseiitiug in their centre reddish papillomatous masses, which in 
our e.Kperience do not usually heal spontaneously. At times in 
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the latter period of the secondary stage peculiar roundish or irregu- 
larly outlined whitish patches are present, especially on the back 
and arms, with a nutmeg-grater-like surface. On closer observa- 
tion these patches are seen to consist of numerous hard, conical 
papules, containing in their centre an epidermic plug, which is 
easily removed, leaving a depression in the papules. Sometimes 
the plugs are spiny, and in this case the eruption closely resembles 
lichen spinuJosus. 

Eruptions on the Palms and Soles.— The granulcmatous 
eruption very frequently attacks the soles of the feet. At first 
dark brownish or intensely livid spots appear; the thick epidermis 
is gradually pierced by framboesial nodules similar to those found 
in other regions of the body. This affection of the soles is very 
painful; the natives of Ceylon call it ‘ dumas.' Similar lesions may 



Fig. oijcS.— F kambcesia : Pitted Aj’pearanck of the IIands. 


occur on tlic liands. The granulomatous infiltration may attack 
the matrix and margins of the nails (framboetic onychia and par- 
onychia). The nails become thickened, dry, brittle, and may be 
cast off entirely, though later they grow again. 

After the granulomata have disappeared, occasionally at the 
same time peeling, whitish patches may be seen on the palms of 
the hands and soles of the feet closely resembling the syphilitic 
psoriasis palmar is ami planiaris. 

Peculiar Pitted Frambceside of the Palms of the Hands. — 
In several cases in the latter part of the secondary stage hard, round, 
flattened papules or small nodules, having a thick, hard, epidermic 
plug in their centre, may be observed on the palms and wrists. This 
plug falls off spontaneously or is easily pulled out, when a deep 
depression remains. The papules gradually disappear, but the de- 
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pressions remain, and the palms acquire a peculiar pitted appear- 
ance. This condition of the palms may remain unchanged for 
several years after all symptoms of framboesia have disappeared. 
A somewhat similar appearance of the soles of the feet is occasionally 
met with. 

Lesions of the Hair and Nails. — We have never noticed any 
cliange in the appearance of the hair, or alopecia. A few hair- 
follicles may be destroyed when the granulomata develop on the 
scalp, which, however, seldom occurs. 

Lesions of Mucos^E.—Thesc are not very common. During the 
secondary stag(' small granulomatous nodules may develop at the 



Fig. 699. — Fkambcesia: Dactylitis. 

base of the tongue, also whitish patches closely resembling syphilitic 
leukoplakia. Small granulomata may develop on the nasal 
mucosa. 

CoNSTiTunoNAL SYMPTOMS — Fever, — As already stated, fever is 
frequently present, of intermittent or remittent type, before the 
general secondary eruption begins. During the secondary stage it 
is usually absent, unless complications supervene. 

Lymphatic Glands. — -In a number of cases in our experience 
various groups of lymphatic glands are found to be enlarged. The 
enlarged glands are roundish or spindle-shaped, hard, painless, and 
never come to suppuration, unless a secondary pyogenic infection 
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is present. The cervical and inguinal glands are most frequently 

enlarged. . • r 

Alimentary System.— As a- rule the digestive functions are not 
disturbed. In children slight diarrhoea may be occasionally noticed 
preceding the general eruption. The spleen and liver are fre- 
quently found enlarged in children, but this is probably due to 
preceding or concomitant malaria infection. The microscopical 
examination of the feces of framboesia patients will frequently reveal 
ova of various worms — Ascaris lumhricoidcs, Trichuris trichiura, 
and occasionally Ancylosicma duodenale — but this is of frequent 
occurrence also in normal natives. 

Respiratory System.— As a rule the respiratory, as well as the 
circulatory, system is not affected. Occasionally small granulo- 
matous ulcers are to be found in the nasal mucosa and more rarely 
in the larynx. 

Locomotory System— J oints . — In some patients several of the 
large articulations may become swollen and very painful. The con- 
dition is often of an acute character, and may be accompanied l)y 
fever, so that an attack of articular rheumatism complicating the 
framboitic infection might be suspected. Sodium salicylate, how- 
ever, is not beneficial, while the administration of large doses of 
potassium iodide speedily reduces the temperature to normal and 
cause the swelling of the articulation to subside. At other times 
one articulation only is involved, and the symptoms may become 
so serious as to suggest purulent arthritis. In many cases the 
smaller articulations become involved. The symptoms in such 
cases are not acute, and there is usually no fever. 

Bones . — Inflammation of the periosteum of various bones is of 
common occurrence. Very frequent is a form of multiple periostitis 
of the digital phalanges, the cause of the multiple dactylitis so often 
seen in framboesia patients. 


Maul has investigated the bone and joint lesions of Frambeesia, and has 
noted that, in the Philippine Islands, 20 per cent, of the cases are suffering 
from such lesions, winch may simulate tubercular or central septic abscesses, 
gummata, hydatid cyst, l)enign cyst, fibrous osteitis, cnchondroma, endo- 
thelioma, secondary caixinoma, myeloma, and sarcoma. The same author 
has made a careful roentgenological survey, and has found that in the majority 
of cases the bone lesions appear as rarefied areas, irregularly oval, with the 
long axis parallel to that of the bone, from a few millimetres to 2 or 3 centi- 
metres in length. Most of the lesions seem to originate in the interior of 
the bone, but some appear as small excavations on its outer surface. 

Muscles . — Contractures of various groups of muscles may be 
observed. Fairly common is a contracture of the flexor muscles 
of the forearms. This contracture is often x^f^rmanent, and in our 
opinion is probably due to pathological alteration of the peripheral 
nerves, rather than being of direct muscular origin. 

Nervous System — Neuritis. — Neuralgic pains are often observed, 
but also a true form of neuritis must be admitted. We have seen 
in several cases clear symptoms of neuritis of the sciatic nerve, with 
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severe pain along the course of the nerve, and signs of motor and 
trophic disturbances. 

Hyperidrosis. — In several of our patients we have noticed 
hyperidrosis. The phenomenon was limited to the face in some 
cases, to the hands and soles of the feet in others. It never ex- 
tended to the whole body, and generally affected symmetrical regions. 
Hyperidrosis is more frequently observed in children than in adults. 
In a case at the Colombo Clinic a boy of fourteen, presenting a 
general eruption of framboesia, the hyperidrosis of the face was so 
marked that large drops of perspiration were constantly dropping 
down. He was treated with potassium iodide. After a month the 
granulomata had dwappeared, and the hyperidrosis was no longer 
noticeable. In some cases the hyperidrosis ceases suddenly with- 
out any treatment. The condition, however, may last for some 
weeks or months. 

The Eyes.— Granulomatous and papular eruptions may develop 
on the eyelids. A slight periostitis of the orbital margin is not rare, 
the margin becoming thickened and very painful o’^. pressure. The 
occurrence of iritis is denied by most authors. In the Colombo 
Clinic two typical cases were observed during the general granulo- 
matous eruption. In both cases the affection was of moderate 
severity. There was photophobia, ciliary congestion, discolora- 
tion of the iris. Pupillary reaction was almost absent. Both cases 
recovered on large doses of iodides without any local treatment. 

The Genito-urinary System. — ^The primary lesion is rarely, if 
ever, found on the genital organs. In fact, in all the cases we have 
seen the primary lesion was always extragcnital. Eruptions of the 
secondary stage, papular and granulomatous, frequently involve 
the skin of the penis and of the labia. Granulomatous ulceration 
may be found on the vaginal mucosa. The urine, as a rule, does 
not contain anything abnormal; only when there is fever — as, for 
instance, when the articulations are acutely involved — ^then a slight 
amount of albumen may be present. 

The Blood. — There is often a certain degree of anaemia, never 
very severe. The number of red blood-corpuscles varied in our 
cases from 3,000,000 to 4,000,000, the luemoglobin index (Fleischl) 
from 50 to 75. The red blood-corpuscles did not show anything 
abnormal in their shape. On several occasions a comparatively 
large number of polychromatic erythrocytes were noticed, staining 
blue instead of pink with Leishman's method. Many of these 
basophile red cells are micro-erythrocytes. The leucocytes varied 
from 7,000 to 11,000 per cubic millimetre. In the majority of cases 
an increase was noticeable in the number of the large mononuclears, 
even when there was no sign and no history of malaria. The number 
of lymphocytes is generally normal. Clapier and Violle have re- 
cently emphasized this, and note that it is in contrast to what one 
sees in syphilis, in which the lymphocytes are increased in number, 
while the large mononuclears are in normal amount. In many 
cases the eosinophiles are increased, this being probably due — in 
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part, at least to the presence of intestinal worms, as revealed by 

the microscopic examination of the stools, which shows frequently 
ova of Ascufis luinbyicoidcs, Tyichtitis iTtchtuid, and in a few 
instances of Ancylostoma duodenale. Density and viscosity of 
blood seem to be normal according to Violle, and the coagulability 
is not impaired. Auto-agglutination is generally absent, but has 

been recorded in certain cases. 

Complement-Fixation Wassermann reaction is posi- 

tive in the great majority of recent cases, but is fairly often negative 
in old cases. According to Schiiffner and Violle, in framboesia there 
is often fixation if an alcoholic extract of syphilitic liver is used as 
antigen, while there is no fixation if an aqueous extract is used. 
In syphilis there is generally complete fixation. 

Cuti-Reaciions . — The cuti-reaction with ‘ frambtt'sin,' prepared witli cultures 
of T. pertenue according to the technique used by JS’oguchi in tlie preparation 
of luetin, is often positive. Luetin also may at times give a positive reaction, 
though less marked. 



Fig. 700. FhGMMnaisTA : Pseudo- iMvcETOM a. 

Cerebro-sitnal Fluid. — The liquid is in all cases perfectly clear, 
like distilled water. No cellular sediment on centrifugalization is 
found in most cases. In a few some rare mononuclear cells are 
found. The pressure is not increased. Tlie physical and chemical 
characters do not show much variation from what is found in normal 
conditions. The density varied in our cases between 1003 to 1005. 
A certain amount of globulin was present, and a substance (dex- 
trose reducing Fehling’s solution. This reducing substance was 
in several cases distinctly in excess of what is observed in the normal 
fluid. No cliolin is found. The reaction of the fluid is alkaline. 
The liquid is sterile; no treponemata can be detected. 

Tertiary or Late Stage. — The disease often terminates with the 
secondary stage. In some cases, however, the infection does not 
become extinct, and tertiary lesions appear. These have been 
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denied by many observers, but having been able to watch cases for 
several years through the whole course of the disease, we have no 
doubt as to their existence. Sometimes the secondary and tertiary 
stages merge into each other, but 


frequently the tertiary symptoms 
appear after the lesions of the 
secondary stage iiave undergone 
complete involution. The interval 
of time varies considerably in length, 
and may extend to many years. The 
characteristic lesions of the tertiary 
period are gummatous-like nodules 
and deep ulcerative processes. These 
gummatous nodules may develop in 
any tissues. When developed in the 
skin and subcutaneous tissues, they 
are indolent, and by their softening 
and breaking down ulcers are pro- 
duced which may occasionally present 
clear-cut margins and a granulating 
fundus, and when several contiguous 
nodules break down, serpiginous ulcers 
are left. In other cases deep, irregu- 
larly shaped ulcerations with very 
thick and undermined edges are seen; 
in others — and these are the more 
numerous — large fungating ulcers are 
present. On healing, these various 
ulcers leave whitish scars, which are 
often thick and disfiguring. Fre- 
quently the scar- tissue undergoes re- 
traction, and thereby causes per- 
manent contractures and disfigure- 
ment- Lesions of the osseous type 
are very frequent, painful nodes 
developing under tlic periosteum of 
several bones, ribs, sternum, etc., 
and we are inclined to believe that 
Ganf^osa (p. 1876), an ulcerative 

condition of the palate, nose, and 




pharynx, is in reality a tertiary mani- 
festation of yaws. In other cases a 
diffuse chronic periostitis is present, 
altering the normal shape of the 
bones. Contractures of various groups 



Fig. 701. — Frambcesia; 


of muscles are frequently seen. Tertiary Stage. 


Tertiary affections of the internal 

organs and of the central nervous system seem to be rare. Cases 
of aneurysm considered to be of framboesial origin have been 
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observed. The malady does not appear to be hereditary ; in fact, it 
is worth noting that, in contrast to syphilis, parents generall}- 
contract the malady from their children. 

Fourth Stage : Paraframboesial Affections. — Cases of tabetic 
symptoms and symptoms pointing to paralysis progressiva believed 
to be due to an old framboesial infection have been placed on record 
by Harper and others. 

Communicability. — Framboesia is usually conveyed by direct 
contact from person to person. It appears, however, that the 
germ is unable to enter through the normal skin, and that there must 
be some pre-existing abraded surface, small wound, or ulcera- 
tion. Women are frequently infected by tlieir children, the 
primary lesion appearing often on the mammae. In the native 
women of Ceylon the primary lesion frequently develops on the skin 
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of the trunk just above the hip, slight abrasions caused by friction 
being usually present on this part, owing to the habit they have of 
carrying their children astride of the hip. Among certain Congo 
tribes it is a common dictum that a woman affected with the Nkoulou 
(yaws) should not sleep with her child, or he will certainly contract 
the malady. Ihe natives, however, believe that the infection may 
be contracted also by partaking of contaminated food. In our 
opinion there can be little doubt that in certain cases insects may 
carry the disease. It is very noticeable that flies eagerly crowd 
on the open sores of framboesia patients. In the hospitals,' as soon 
as the dressings arc removed, the framboetic ulcerations become 
covered with flies, sucking with avidity the secretion, which they 
may afterwards deposit in the same way on ordinary ulcers of other 
patients. Ants also are occasionally seen to go on to the framboetic 
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ulcerations, as well as on to ordinary ulcers. In Nuttall's classical 
work on the role of insects as carriers of parasitic diseases several 
authors are quoted (Alibert, Hoish, Cadet, Wilson) who believe that 
the infection may be conveyed from one individual to another by 
flies. Wilson states that this belief prevails among the natives of 
the West Indies. 

One of us made some experiments to prove that flies are instru- 
mental in the dissemination of the disease. A number of flies were 
fed on scrapings from slightly ulcerated framboetic papules. The 
flies {Musca domestica and allied species), before feeding on the 
framboetic material, were examined. The examination showed 
that they did not harbour any treponemata, either on their mouth 
organs or on their legs. On examination after feeding, the majority 
presented coarse spirochaetes, and a few of them also T. pertenue. 
In another experiment flies fed on yaws material were placed on 
scarified spots over the eyebrows of several monkeys, and kept 
there for two hours by means of strips of gauze smeared with 
collodion at their margins. One of the monkey" became infected. 
Sambon considers that a fly of the genus Hippelates plays a very 
important role in the dissemination of the disease in the West Indies. 

Modder some years ago suggested that Ixodes bovis — i.e., Margaropus 
annulains var. australis — or some of the Argasidae might be the transmitting 
agent. Bahr has suggested that the causative treponema may be transmitted 
by some blood-sucking insect whose range is definitely limited by the character 
of the vegetation or by climatic factors. According to certain authorities 
yaws maybe communicated by means of food. R. P. Greggio states that 
natives of some Congo tribes suffering from yaws place inside the manioc 
they are selling portions of crusts removed from their own yaws lesions, in 
the belief that in this way the disease will leave them, will * emigrate * to 
the buyers, who will become infected by eating the manioc. 

Diagnosis. — In countries where the disease is endemic the diag- 
nosis is generally easy, the large framboesiform nodules, capped with 
thick yellow crusts, being typical. By some observers the disease 
has been confused with verruga poriiviana and with syphilis. 

Verruga Peruviana. — ^This disease is strictly limited to certain 
valleys of the Andes at an elevation of from "to 10,000 feet. 

Its eruptive elements, unlike those of framboesia, frequently attack 
the various mucosae, and bleed with great facility. The micro- 
scopical examination for spirochades is negative. 

Syphilis. — ^By some authors framboesia has been looked upon as 
a form of syphilis. The results of experimental investigations of 
yaws and syphilis prove conclusively that the two diseases are 
distinct, inasmuch as (i) patients suffering from syphilis may 
contract yaws, and patients suffering from yaws may contract 
syphilis; (2) monkeys successfully inoculated with yaws do not 
acquire any immunity against syphilis; (3) mercury has practically 
no action on framboesia. 

Syphilis has a world-wide distribution; framboesia, on the other 
hand, is restricted to certain parts of the tropics. Framboesia is 
extremely common in Ceylon, extremely rare in India. Syphilis is 
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common to both countries. In Samoa, according to Turner, syphilis 
was unknown up to at least 1880, while framboesia has been endemic 
there ever since the group was discovered. In Fiji, too, up to a few 
years ago syphilis was not present, while framboesia was almost 
universal. Daniels has made the interesting observation that in 
British Guiana framboesia of late has disappeared, while syphilis 
is still rampant. As regards clinical features, framboesia differs 
from syphilis by the following characters: the primary lesion is, 
as a rule, extragenital; tlie principal type of eruption is a papule, 
which proliferates into a characteristic frambeesiform granulo- 
matous growth; there is an extremely well-marked pruritus. The 
disease is apparently not hereditary; in fact, in contrast to syphilis, 
parents generally contract the malady from their children. The 
histopathology differs also in the two discas(‘S. In frambeesia the 
proliferative chang(;s of the epidermis are much more marked, the 
granulomata present a more diffuse plasma cell infiltration, and 
their bloodvessels have no tendency to the thickening of their walls. 



Fig. 703. — Frambcesia: Tertiary Stage. 

which is so characteristic of syphilis. Giant cells are generally 
absent. Naturally these differential histological details must be 
considered collectively, as there is no individual histological char- 
acter which exceptionally might not be present in both syphilis 
and frambcesia. 

Bouhas and Pi an . — ^Some of the older authors believed that under 
the names of yaws, boubas, and pian three different diseases were 
indicated. All those, however, who have had opportunity to in- 
vestigate framboesia in different parts of the tropics have come 
to the conclusion that these various denominations are simply local 
synonyms indicating the same pathological entity, though, of course, 
each of these terms is sometimes used by natives to indicate, 
besides framboesia, other clinically similar conditions. Comparat ive 
experimental investigations made by one of us have led to the same 
result, inasmuch as he has been able to demonstrate that monkeys 
successfully inoculated with Ceylon framboesia become immune to 
boubas and pian, and vice versa. 

Breda and De Amicis, in Italy, have not found T. pertenue in 
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Italian emigrants returning Irom Brazil, and suffering from what 
they considered to be boubas; but Splendore has shown their cases 
to have been cases of leishmaniasis and blastomycosis. The fact 
is, that in South America the term boubas is used by the natives to 
cover several clinically similar diseases, while most medical writers 
use the term as a synonym for framboesia. Rivas, Linderman, and 
Robledo luive found the T. porlemw in tlieir cases of boubas in 
Venezuela, Brazil, and Colombia. It is not to be excluded, how- 
ever— in fact, it is probable — that future investigation will show 
that tliere are several varieties of T. pertenue. 



^Figs. 704 AND 705. — Fkambcesia Before and Aiter Ten Days’ Treat- 
ment WITH CaSTELLANI’s MIXTURE. 


Cutaneous Leishmaniasis . — A type of cutaneous leishmaniasis 
(Bush-Yaws), fairly common in the West Indies, may simulate 
yaws, |but the presence of leishmania bodies and absence of the 
Treponema pertenue will clear the diagnosis. 

Prognosis. — -The prognosis is not serious so far as life is con- 
cerned. In 1908, in the Ceylon hospitals, 3,246 cases were treated, 
with twenty-three deaths; in 1904, out of 3,591 cases, sixteen died; 
in 1903, out of 3,254 cases, ten only died. The prognosis is far more 
serious in children than in adults. When the disease ends fatally the 
termination is gradually due to secondary infection, the framboetic 
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ulcerated lesions becoming phagedenic, and giving opportunity 
to septicaemia and pyogenic processes to develop. Though fram- 
boesia rarely terminates in death, its long duration and great con- 
tagiousness render it a serious malady. The patients suffering 
from it are unable to attend to their work. Epidemics of fram- 
boesia, therefore, are of the greatest consequence on tea, sugar, and 
other plantations, as they reduce the supply of labour. 

Treatment. — ^The most efficacious and quickest treatment is by 
Ehrlich-Hata salvarsan or neo-salvarsan, while potassium iodide 
and tartar emetic are fairly efficacious, and mercury practically 
useless. Salvarsan and neo-salvarsan and their substitutes seem 
to act in framboesia more quickly and more powerfully than in 
any other spirochsetal and treponemal condition; in fact, in fram- 
boesia the therapia sterilans magna in Ehrlich's meaning, by a 
single dose, can at times be obtained. Salvarsan was first tried 
with good results in experimental yaws by Nichols, and in 
patients suffering from the disease by Strong in the Philippine 
Islands, and Castellani in Ceylon, while Alston in the West Indies 
made the interesting observation that the serum of patients treated 
with salvarsan showed remarkable curative powers when injected 
in framboesia patients. Recently the salvarsan treatment of fram- 
boesia has become general, having been used with very good results 
by De Gorge and Mouzels, Sabella, Born, and many others. The sal- 
varsan treatment is especially efficacious in recent cases. Relapses, 
however, occasionally occur. In very old cases with tertiary 
lesions the treatment may fail. At the present time neo-salvarsan, 
instead of salvarsan, is generally used. 

Mode of Administration and Dosage. — Neo-salvarsan and its 
substitutes novarsenobenzol, neokharsivan, novoarsenobillon, and 
to a certain extent galyl, arc much more soluble than salvarsan 
and its substitutes arsenobenzol, kharsivan, etc., and are therefore 
used in practice in preference to salvarsan. Moreover, Castelli has 
shown that the dosis iolerala of neo-salvarsan in infected rabbits is 
nearly three times larger than for salvarsan, and that the dozis 
sterilans is one-tenth of the dosis tolerata. 

The dosage of neo-salvarsan and most of its substitutes is, in 
adults, 0*4 to 0*6 gramme, though larger doses up to i gramme have 
been given with impunity. The dosage is therefore approximately 
0*01 gramme per kilogramme of weight ; in children half or one-third 
doses should be given. The best method of administration is by 
I intravenous injection, and we have found Rav^t's method of 
^ concentrated solutions very convenient, alth(Ti!gE*^e do not use 
such highly concentrated solutions as docs Ravaut , who recommends 
dissolving neo-salvarsan in only i or 2 c.c. of wTter. We generally 
dissolve 0*3 or 0*4 gramme of neo-salvarsan in 10 c.c. of sterile 
distilled water or sterile physiological salt solution, and make the 
intravenous injection, using a 10 c.c. syringe. 

The patient is made to lie down quietly on a couch or in bed. 
The skin is painted with tr. iodi and the veins of the bend of the 
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elbow made turgid by applying an elastic band round the arm. 
The needle, already attached to the syringe containing the solution, 
is inserted in one of the veins; if blood appears in the liquid, it 
means that the needle is in the vein, and the piston of the syringe 
is then very slowly and gradually pressed down until all the liquid 
has been injected. 

Three to six injections of neo-salvarsan at three to six days* 
interval are generally sufficient to obtain a cure, though in a number 
of cases one injection is sufficient to make all the symptoms dis- 
appear. If one injection only is given, 0*4 to 0*6 gramme should 
be injected; when a course of three or more injections is carried out 
we often give 0*3 gramme the first time, 0*4 gramme the second 
time, and 0*6 granime the third time and afterwards. 

The patient should keep, if possible, at complete rest in bed for 
several hours after the injection, and in individuals with weak 
heart the injection of nco-salvarsan maybe preceded by a hypo- 
dermic injection of caffein. The patient may complain at times 
of headache, and there may be a rise of temperature, but very 
seldom are serious symptoms caused by the drug, though cases 
of transient coma, delirium, epileptiform crisis, nephritis, and 
jaundice have been recorded. 

Salvarsan . — Salvarsaii may be given by intramuscular, subcutaneous, or 
intravenous injection; by the mouth in alkaline solulion; and also by the 
rectum in the form of enemas or suppositories. We recommend the intra- 
muscular and intravenous injections. The administration by the rectum in 
our experience does not give any good result, and of the oral administration 
we have no personal experience. 

Intramuscular Injections . — The injection is generally given in the buttocks, 
with the usual precautions as regax'ds the disinfection of the skin, and the use 
of a sterile all-glass syringe. The quickest method of disinfecting the skin 
is to paint it with tincture of iodine. The dose to be given in adult males is 
0*40 to 0*50 gramme; in adult females and tliin individuals 0*30 and 0*40 
gramme. A dose exceeding o-6o gramme should never be given either in 
males or females. In children the dose is 0*03 to 0*04 gramme lor each year 
of age, or o*()(j 8 gramme for each kilogramme of weight. 

The injection of salvarsan in the same dose can be repeated after two or 
three weeks, if the first one has not been completely successful. The drug is 
not easily soluble, and various methods of preparing the licjuid to be injected 
have been described. The simplest method is Ehrlich's. The salvarsan 
powder (0*30 to o*6o gramme) is rubbed with a little methyl alcohol (pure) in a 
sterile vessel, and then mixed with 10 to 20 c.c. of normal salt solution. 

An alkaline or neutral solution is preferable, and is prepared by rubbing the 
drug in a sterile mortar with 10 to 20 drops of a 15 per cent, solution of sodium 
hydrate, and adding 8 to 10 c.c. of sterile distilled water, stirring continuously. 
In order to prepare a clear solution, it genv^rally requires i c.c. to 1*2 c.c. of the 
sodium hydrate solution for o*6 gramme of salvarsan ; a suspension of the drug 
in olive-oil or some other fatty material may also be used. A good prepara- 
tion of this type, wliich we have often used, is by Pasini. 

The suspensions in oil may often be given with advantage subcutaneously 
in the interscapular region. The intramuscular or subcutaneous injection 
of salvarsan, especially the acid solution, is generally painful, and is followed 
by a hard infiltration, which lasts for some weeks. Occasionally a slough 
forms, which has to be removed surgically. 

Intravenous Injections . — The dose is smaller than for the intramuscular 
injection, 0*4 gramme for men and 0*3 gramme for women being sufficient. 
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The preparation of the solution to be injected is as follows: One of the glass 
phials in which salvarsan is put up in the dose of o*6 gramme is broken, and 
the contents (o*6 gramme of salvarsan) is carefully added to 30 or 40 c.c. 
of physiological salt solution made with distilled water in a sterile stoppered 
vessel. It is dissolved by shaking thoroughly, and by adding 1*2 c.c. (about 
23 drops) of 15 per cent, sodium hydrate solution. A precipitate is formed 
which redissolves. The solution should then be dilutefl to 300 c.c. with 
normal saline; i or 2 more drops of sodium hydrate may be required if the 
liquid is not clear. Each 50 c.c. of this solution contains o-i gramme of salvar- 
san. In man, 200 c.c. should be injected, in women 150, in children less, 
according to the rules given supra. 

For the intravenous injections special apparatus have been devised , bastd 
on the principle of the Grantly douche. A convenient one, which may serve 
for all these forms of injection, has been placed on the market by W. H. 
Martindale. 

Precautions to be Observki:).— -The solution shoukl be prepared with sterile 
salt solution made with freshly prepared distilled water and ehtmieally pure 
vSodium chloride. It should be perfectly clear : it should be slowly infused into 
the vein (20(j c.c. in al)out eight minutes); it should not be cold (about the 
temperature of the body if possildc); the j)atient should be in bed, and should 
be ke])t there for a couph^ of days. If signs of ( ollapse occur during the 
infusion, it should be sto])ped at once, and an injection of calfcin given. 

Tartar Emetic. — ^Broden, in 1910, and later on otlicr observers, 
tried antimonial preparations by intravenous injection as in sleeping 
sickness. The results are much less satisfactory than with salvarsan 
or neo-salvarsan. 


Intravenous Injections of Tartar Emetic associated with Other Drugs .- — 
Potass, iodide and mercury were associated by one of us with tartar emetic, 
but the mercury did not seem to increase the action of tartar emetic. Here- 
with two formulae: — 


1. Tartar emetic 
Potass, iodid. 

Aq. dest. 

2. Tartar emetic 
Potass, iodid. 
Hydrarg. perehlor. 
Aq. dest. 


gr.iii. 
gr. XXX. 
ad 5i. 
gr.iii. 

gr. XXX. 


gr.i 

ad § 1 . 


One to 3 c.c. may be given diluted in 8 or 10 c.c. of sterile water by 
intravenous injection every other day. 


Treatment by Oral Administration of Drugs . — ^When neo-salvarsan, 
salvarsan, or their substitutes, are unobtainable, or in districts 
where lack of medical men and skilled nurses makes any method 
of treatment by injections difficult or impossible, treatment by oral 
administration is very convenient, and the mixture known in the 
tropics as ‘ Castellani’s yaws mixture ' will be found effective in 
many cases. 

This mixture contains tartar emetic, gr. i. ; potass, iodid., 7f\.\ 
sodium salicylate, gr. x. ; bicarbonate of soda, gr. xv. ; water or 
chloroform water, to i oz. One ounce is given three times daily 
diluted in three or four times the amount of water, to adults and 
youngsters of over fourteen years; half doses to children of eight 
to fourteen years of age, and one-third or less to younger children. 
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To Europeans it is advisable to give half doses, as they do not stand 
full doses so well as do natives. 

The active drugs in the mixture arc the potassium iodide and the 
tartar emetic; the salicylate of soda does not influence the yaws 
lesions, but seems to hasten the disappearance of the thick crusts, 
while the bicarbonate of soda, though rendering the mixture cloudy 
and inelegant, prevents to a great extent the symptoms of iodism 
and decreases the emetic properties of the mixture, in this way 
rendering possible the administration of massive doses of potas- 
sium iodide, and large doses of tartar emetic. In the few cases in 
which emesis is produced, the bicarbonate may be increased, or 
a small amount of liq. morphiie or codein given before each dose; 
and in the comparatively rare cases in which severe iodism appears, 
epinephrine, as suggested by Milian, in grm. ()*o()2 doses, may be 
given by the mouth or by subcutaneous injection, twice daily. 

The mixture as set down is cloudy, although it becomes clear 
when diluted with water at the time of administering it. At the 
suggestion of Dr. Dawson Williams some experiments were carried 
out to obtain a clear mixture, and it was found diat the addition 
of sodium tartar, gr. x., or of glycerine 7;ii- or of syrup 3i. per dose, 
was sufficient to keep the mixture clear for weeks. The modified 
formula of the mixture is therefore as follows: — Tartar emetic, 
gr. i. ; potass, iodid., oi.; sodii salicyl., gr. x. ; sodii bicarb., gr. xv. ; 
sodii tartarat., gr. x., or glycerine, 5 ii., or syrup, 3 i., Aq. ad gi. It is 
given in the same doses as the original mixture, and well diluted in 
water to prevent a severe sensation of burning in the stomach. 

Either the original or the modified mixture is given in the doses 
mentioned for ten to fifteen days, then it is discontinued for about 
a week, and then given again for another ten to fifteen days. The 
results, as shown by Castellani, Spaar, Thomson, and more recently 
by Guerrero, Domingo, and Argiielles, who have carefully investi- 
gated this method of treatment in the Philippines, are usually very 
satisfactory in recent and fairly recent cases when they may be com- 
pared with those obtained by the salvarsan treatment. In chronic 
cases the results are not so striking, but as a rule much better than 
with any other known treatment, except salvarsan or neo-salvarsan. 

The natives treat the disease in various ways. In Samoa the patient is 
rubbed down with sand and washed in the sea, after which the yaws are 
scraped with a shell. In the West Indies boiled and beaten-up leaves of 
the ‘ physic-nut ' are applied ,or powdered alum and sulphur used. In the 
Congo pieces of forge scoriae are made Incandescent and the yaws lesions 
touched with them. In Ceylon the vedaralas (native doctors) apply concoctions 
of various herbs, and give decoctions of sarsaparilla and other roots. They 
also use mercury disguised in various ways. The majority of European 
practitioners use potassium iodide. Others affirm this drug to be quite u.seless, 
and believe that cleanliness and good and abundant food are quite sufficient 
to bring about a cure. 

In the Colombo Clinic for Tropical Diseases some experiments have been 
made on the various treatments, and the conclusion arrived at has been that 
the salvarsan and neo-salvarsan treatment is the most effective of all, while 
the mixture tartar emetic, potass, iodide, bicarb, of soda, and sod. salve, is 
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also very successful. Some cases may recover spontaneously, but this is 
certainly the exception, not the rule. Occasionally cases are met with re- 
fractory to any treatment, and tertiary lesions are often intractable. An 
important point often overlooked by the practitioner is that the oral treatment 
should be prolonged for a time after the complete disappearance of the erup- 
tion, inasmuch as clinical experience, as well as experiments on inoculated 
monkeys, prove that the specific treponemata may, and do, persist in the 
lymphatic glands and internal organs long after the cutaneous manifestations 
have disappeared. Atoxyl has been tried by Neisser in monkeys experi- 
mentally inoculated with the disease, and by one of us in human patients. 
The results are occasionally fairly good. Spittel has used, by intravenous 
injection, a solution of arsenious and mercuric iodide. 

Local Treatment.— This consists chiefly in keeping the skin 
scrupulously clean, washing the eruption twice daily with a per- 
chloride of mercury solution (i to 1,000), which greatly allays the 
itching. The ulcerated lesions may be dusted with iodoform, 
europhen, xeroform, or boracic acid. Mercury ointments may be 
beneficial, but in our experience are not sufficient to hinder secon- 
dary pyogenic infections. Caustics arc not called for unless the 
ulcers become phagedenic. In such cases pure carbolic acid is best. 
Though the external treatment may be useful, one must bear in 
mind that it is not, as a rule, sufficient alone to cure the disease. 

Prophylaxis. — In countries where framboesia is endemic the 
slightest abrasions of the skin should betaken care of and properly 
treated with antiseptics. Framboesia patients should be prevented 
from mixing with the rest of the population, and should be isolated 
in special hospitals till the disease is cured. Their skin lesions should 
be properly dressed, and thus prevented from becoming a source 
of infection through the agency of flies and other insects. Their 
huts and belongings should be thoroughly disinfected. 
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VERRUGA PERUVIANA 

Synonyms — Definition — History — Climatology — Etiology— Pathology — 
Histopathology — Symptomatology — Diagnosis — I^rognosis — Treatment 
— Prophylaxis — Ret erences . 

Synonyms. — Peruvian wart, Verruga Blanda, Carrion's Fever, Verruga de 
Castilla, Verruga of the Andes, Verruga de Zapo 6 de Quinua, Verruga Andi- 
cola, Verruga Mular, Verruga de Sangre, Fiebre de la Oroya, Verruga de 
Crapaud, Bouton des Andes. The word ' verruga' signifies in Spanish a wart. 

Definition. — ^Verruga peruviana is a chronic endemic specific 
general disorder of unknown origin, not contagious, but apparently 
inoculable, and characterized by an irregukir fever associated with 
rheumatoid pains and anaemia, followed by granulomatous swellings 
in the skin, mucous membranes, and organs of the body. 

History. — It is probable that the disease existed in South America 
before the advent of the Spaniards, for the earliest references to it 
are found in Spanish works on Peru in the sixteenth century. The 
first record is by Agustin de Zarate, Treasurer of Lima, in his 
' History of the Conquest of Peru,’ written in 1543, in which he 
relates that warts or small tumours appeared on the face and other 
parts of the body, which were more deadly than smallpox, and 
almost as fatal as plague. 

Garcilas de la Vega records that a quarter of the small army of 
Frangois Pizarre perished from this cause, while Gomara, Garcilazo 
(1617), and other early writers, also drew attention to the disease. 
After this period writers on Peru either fail to mention the disease 
at all, or only write short paragraphs such as that in Cosme Bueno’s 
geographical description of the province of Canta, published in 
1764, in which it is mentioned under its ancient name of ' berrugas.’ 

The modern de.scriptions of the disease begin with the works of 
Tschudi in 1843, Malo in 1852, Smith in 1858, Salazar and Manuel 
Odriozola in 1858, Velez in 1861, and Dounon in 1871, the last named 
giving a very clear account of the complaint. 

But little interest was, however, taken in it until 1870, when a 
severe outbreak of fever took place among the workpeople laying 
the railway-line between Lima and Oroya. This complaint for 
some reason was called ‘ Oroya fever,’ although it did not affect 
Oroya. About the same time Dounon’s excellent paper appears to 
have interested French naval surgeons, so that numerous investiga- 
tions as to verruga and Oroya fever were made both by Peruvian 
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doctors, such as Pancorvo and others in 1875, and French surgeons, 
such as Fournier in 1874, Bourse in 1876, and Tupper in 1877. 
During this period there was much disputation as to whether Oroya 
fever was related to verruga, or was a distinct clinical entity. In 
1885 Daniel A. Carrion, a student of the Faculty of Medicine of 
Lima, who had for some time been studying the disease, attempted 
to settle this question by vaccinating both his arms with the blood 
from a verruga tumour on August 27, 1885, and on September 17 
he began to suffer from the symptoms of Oroya fever, from which he 
died on October 5. In honour of his noble attempt to elucidate 
the aetiology of the fever, his compatriots have since referred to 
Oroya fever as Carrion's disease. 

The unfortunate death of this brave young man stimulated 
inquiry, and a very large number of investigations were published, 
of which it is only possible to mention a few. 

In 1885 Izquierdo announced the discovery of a bacillus in some 
specimens sent to him in spirit, which, of course, prevented anything 
of the nature of a thorough bacteriological investigation. 

In 1887 Florez grew a coccus on agar>agar inoculated with the 
blood from persons suffering from verruga. In 1898 a most elabor- 
ate monograph by E. Odriozola appeared, which the reader inter- 
ested in the subject is strongly advised to peruse. 

In the same year Nicolle and Letulle independently described 
bacilli resembling those of tuberculosis in the skin lesions. Barton, 
in 1902, published the ftrst careful bacteriological examinations of 
Carrion’s fever, and from 1903 to the present time Biffi has written 
a series of able papers on the disease. 

We are therefore confronted with two conditions described by 
authors — ^viz., a disease which may or may not begin with fever, and 
which ultimately ends with a most peculiar and typical eruption, 
verruga peruviana, and another disease characterized by an incuba- 
tion period of twenty-one days, as proved by Carrion’s inoculation, 
and of a severe type often ending in death, without the appearance of 
any eruption. Are these two conditions one and the same disease — 
that is to say, is Carrion’s fever Peruvian wart without an eruption, 
or are the two separate pathological entities? Tasset, in 1872, 
held that they were separate entities, and that Carrion’s fever was 
a typho-malarial fever, but since the inoculation of Carrion most 
authors have considered the two diseases to be one and the same, 
though every now and again some author has objected, and has 
held that Carrion’s fever was typhoid. In 1901-02, Barton, as 
the result of careful bacteriological researches, concluded that in 
the blood and organs of persons dying from Carrion’s fever a micro- 
organism could be found which, though similar to Bacillus coli 
communis in many respects, was easily separable therefrom. This 
organism was fatal to inoculated animals, causing a septicaemia 
and, it is said, a verruga-like eruption in the skin. Bifh has carefully 
investigated this bacillus, and lands that it is present constantly and 
in abundance in persons suffering from Carrion’s fever, but is 
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absent in patients suffering from verruga peruviana withcmt fever. 
It is agglutinated by the serum of persons suffering Irom Carrion s 
fever, but not by that of patients suffering from verruga who have 
not had fever. The micro-organisms are, however, not always of 
the same strain. Thus, Biffi has separated two different strains, 
one of which resembles Schottmiiller's B. paraiyphosus B, and the 
other Gartner’s bacillus. Biffi and Carbajal were unable to confirm 
Barton’s results as to the presence of a skin eruption in animals 
inoculated by these strains. They therefore conclude that Carrion’s 
fever is a separate pathological entity distinct from verruga, and 
that it is a fever belonging to the paratyphoid group, but differs 
from the usual types by being due to a different organism, and by 
occurring in patients suffering from verruga. In this finding they 
are supported by the clinical observations of several observers, 
among whom may be mentioned Eder. 

The next question which must be considered is the nature of 
yerruga peruviana, for it has been suggested that it is fram- 
boesia, and this has been specially emphasized, since it has been 
realized that it may run its course without any fever. Biffi, how- 
ever, has clearly shown that they are separate, framboesia being 
contagious, verruga not; framboesia beginning with an initial 
lesion, verruga not ; framboesia being due to Treponema pertenue 
Castellani, verruga not. We may therefore conclude that verruga 
peruviana is a definite pathological entity. Further researches in 
the disease liave been made by Bassett-Smith, Mayer, and others. 

In 1915 Strong, Tyzzer, Brues, Scllards, and Gastiaburu published 
a valuable report, pointing out that Oroya fever was distinct from 
verruga peruviana. 

The former, according to these investigators, is due io Bartonella 
hacilliformis [vide p. ^> 2 ), which in many ways resembles Theileria 
parva, while the latter is probably caused by a filterable virus, 'and 
can be inoculated into monkeys; it resembles clo.sely Bassewitz’s 
angiofibroma cuiis contagiosum tropicum (]>. 2253) , Verruga may be 
spread by a blood-sucking arthropod. Townsend, in 1914 and 1915, 
declared his belief that this arthropod was P hi eboiomns verrucarnm. 

Climatology. — ^Verruga peruviana is confined to South America, 
and to the western slopes of the Andes in Ecuador, Peru, Bolivia, and 
the northern parts of Chili, the most important endemic area being 
Peru, where it is almost limited to the departments of Ancachs and 
Lima, lying north and south of the tenth parallel, and on the western 
side of the Andes. The department of Ancachs comprises seven 
provinces, of which the provinces of Pallusca, Huaylas, Huaraz, 
and Cajatambo, which are on the western slopes of the Andes, are 
most affected, while that of .Santa, which runs along the littoral, is 
almost free. The disease is, however, peculiarly limited to certain 
places in these provinces. The heights of these places vary from 
Cochas, in the province of Cajatambo, which is only at an elevation 
of 406 metres, to Cajatambo, in the same province, which is at an 
altitude of 3,35^ metres, but according to Monge it is never naturally 
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acquired at an elevation below 2,800 feet or above 9,000 feet, nor 
does it originate in the main valleys. 

One striking peculiarity common to all the places is that they are 
in narrow valleys along tributaries of rivers. The principal infected 
areas are Tablachaca, Pallusca, Corongo, Pacatqui, and Ninabamba, 
in Pallusca; Huaylas and Caraz, in Huaylas; Yautan, Pariacoto, 
Rurasca, Nanca, Jangas, Pongor, Anta, and another district on a 
branch of the River Huarmcy, in Huaraz; Cochas, Huaylillas, and 
Cajatambo, in Cajatambo. 

In the department of Lima there are six provinces, of which 
Chancay, Cant a, Huarochiri, and Yauyos possess endemic areas, 
which vary in height from 900 to 2,030 metres. In Chancay 
there is Huaycho; in Canta, Acos, Viscas, Yasu, Magdalena and 
Yangas; in Huarochiri, Santa Eulalia, Pallc, San Geronimo, San 
Pedro de Casta, Surco, Cocachacra, Santa Ana, and Sisicaya; and 
in Yauyos, Omas. 

The best-known area is that which lies along the railway from 
Lima to Oroya, which begins a little below the division of the River 
Rimac into the rivers Santa Eulalia and Cocachacra, along both of 
which the disease is endemic for some distance, including Santa 
Eulalia, San Gerdnimo, Cupichi, San Pedro de Casta, San Pedro 
de Mama, Santa Ana, Corcona Cocachacra, San Bartolome (where 
the stream which runs into the Cocachacra River is called the 
Aqua de Verrugas, because the people believed the disease came 
from drinking the water), Cuesta Blanca, and Surco. 

Here again, as in the department of Ancachs, the disease is 
restricted to certain deep, narrow valleys, locally known as 
' quebradas,' along which streams flow, and which ar(^ some 28 to 
60 kilometres distant from the littoral, where the disease never 
occurs. A very important epidemiological point is that the disease 
only occurs in the summer when the rivers arc in flood, and when all 
sorts of insects abound. Monge points out that earthquakes are 
correlated with small epidemics, probably because the disturbed popu- 
lation becomes more exposed to the infection, whatever that may be. 

etiology. — ^Thc causation of verruga peruviana is unknown. 
Popularly the disease is believed to be conveyed by the drinking- 
water, which, however, has long been discredited. In 1875 Pan- 
corvo, taking into consideration the well-known fact that the persons 
who mostly suffer are people who work in the fields or disturb earth, 
suggested that it was an intoxication due to sulphuretted hydrogen 
liberated from the earth, a view whi; h never received any marked 
support. Odriozola and Tamayo have failed to find any bacteria 
in people suffering from the eruption of Peruvian wart. It is said 
to occur in animals, especially quadrupeds, and not to be con- 
tagious. Chastang believes that some germ is inoculated by the 
thorns of Cactus opimtia. Long ago Raymondi suggested that 
verruga would, like rabies and syphilis, be found some day to be 
due to a definite virus. Translating Raymondi’s views into modern 
thought, it would mean that the three diseases would be found to be 
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due to a parasitic protozoon, and, indeed, there is no doubt about 
the truth of this with regard to syphilis and with regard to rabies, 
and it is quite possible that verruga peruviana will some day be 
found to be of protozoan origin, thus confirming Raymondi’s striking 
conjecture. 

The study of the distribution of the disease in the various pro- 
vinces of Peru, as detailed above, with the aid of a large-scale map, 
will impress the reader with the similarity to the distribution of 
Rocky Mountain fever, and will lead him to the conclusion that the 
aetiological cause must in some way be associated with some blood- 
sucking animal, perhaps an arachnid; and, indeed, this is supported 
by a fact well known — that the ])ersons most prone to the infection 
are those who work in the fields. Such ideas must, however, be 
taken as mere suggestions, as at present there is no direct evidence 
in favour of them. Very minute bacillary-like rods, thicker in the 
middle than at the ends and variable in number, have been described 
in the red cells by Barton, Gastiaburu, Rabagliati, and Bitfi. They 
become scanty after the eruption, and disapp('ar during convales- 
cence. Similar bodies have Ixum seen by De Vecchi, Bassett-Smith, 
and Martin Mayer. De Vecchi considers them to be products of 
d(‘generation. 

Strong, Tyzzer, Brues, Sellards, and Gastiaburu’s experin'ients 
would point to the virus being a filterable one, and inoculable in 
monkeys. Inoculated in the testes of the dog and rabbit it induces 
charactcu'istic change's. As aln'ady stated, tlu'se authors believe 
that tlu! disease' is not connected with Oroya fevt'r, which, according 
to them, is due U) Bavtonclla bacillifonnis (p. 502), and is not inocul- 
able injnonkeys. 

Age, sex, and race ap])ear to have no influence, though it has been 
asserted that tlui coloured races have a partial immunity, which 
is due to mild attacks at a very early age, as nearly every inhabitant 
in the towns of th(‘ endemic are'as acquires verruga, and if reinfected 
has only a very mild attack, for, as a rule, an attack confers a 
lasting immunity. Strangers visiting an endemic areii arc attacked 
almost at once with tlie disease in its gravest form. The disease 
may b(* acciuired l)y Iraivelling through an end('mic area, but there 
is much more risk of infi'ction if a night is spent therein, and if the 
endemic zone is quitted before sunset the risk of infection is greatly 
diminished. Another important point is that newly-born infants 
may acciuire the disease*. Cole has made some inoculation experi- 
ments in monkeys with a certain degree of success. 

Pathology. — As the causation is unknown, the account of the 
pathology must be limited to very few^ remarks. There has been 
great doubt as to whether verruga can be transmitted to animals by 
inoculation, though Odriozola related that he inoculated a bitch with 
the blood from vtTruga lesions obtained from a post-mortem, with 
the result that the animal developed a typical skin eruption, and 
eventually died. The disease is said to occur naturally among 
animals — c.g., horses, mules, asses, dogs, and fowls — ^but especially 
among quadrupeds, although Monge states that no one has definitely 
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proved that this is the verruga of man, and the ordinary laboratory 
animals cannot be infected with the disease. According to some 
observers, the infection in man begins with a general illness, 
which would appear from the fever, the anaemia, and the pains 
in different parts of the body, to be of the character of a 
septicaemia, after which the typical eruption appears on the 
skin, mucous membranes, and internal organs, when as a rule 
the general symptoms of fever, etc., abate, from which one 
would infer that the organism had left the blood stream, and become 
located in the skin and other organs. It is possible that it leaves the 
body by way of the skin. If, however, the local lesion develops in 
such places as the meninges, the choroid plexus, the choroid coat 
of the eye, the intestines, the oesophagus, or larynx, severe symptoms 
are apt to appear, and complicate the illness. If at the same time 
a paratyphoid-like infection takes place during the febrile stage, the 
true symptoms are masked, and a peculiar and very deadly type 
of fever, called ‘ Carrion’s disease,’ is produced. 

The morbid anatomy is characterized by marked pallor of the 
body, oedema and dropsy, hypostasis of the lungs, enlargement of 
the liver and spleen, and hyperaemia of the bone-marrow; but 
apart from these general signs, the characteristic features are the 
appearance of the verrugas in the skin and subcutaneous tissues, in 
the ocular and palpebral conjunctivae, the mucosa of the nose, the 
lips, gums, palate, tongue, pharynx, larynx, trachea, oesophagus, 
stomach, small and large intestine, in the substance of the liver, 
spleen, lungs, tliymus, thyroid, testicles, kidneys, and lymphatic 
glands, and at times in the leptomcninges, the choroid plexuses, the 
choroid coat of the eye, in the substance of the muscles, on the 
periosteum of bones, on the peritoneal coverings of organs, and on 
the pleura and pericardium. 

Histopathology. — The histopathology of the disease has been 
carefully studied by Letulle, Jamayo, Escornel, Jeanselme, Her- 
cules, Biffi, De Vecchi, and very completely by Strong and 
his co-workers. The miliary and nodular forms take origin around 
the capillary bloodvessels in the form of a neoplasm which 
is the reaction of the areolar tissue to some perivascular 
irritant. The connective-tissue fibres become swollen, and 
between them lie embryonic connective-tissue cells, while the 
interareolar spaces contain polymorphonuclear cells and macro- 
phages. Microscopiceilly a non-ulcerated skin lesion shows the cells 
of the surface epithelium swollen and distended with glycogen. The 
papillary layer of the cutis has disappeared, and the dermis proper 
is infiltrated with round cells, which are mostly mononuclear or 
polymorphonuclear leucocytes, separated by a slight amount of 
fibrillar connective tissue, which may in places be entirely absent. 
There is some doubt as to whether the connective-tissue corpuscles 
contribute to the round-celled infiltration, as has been asserted by 
Izquierdo; in any case, the recognizable connective-tissue cells arc 
always swollen, and their nuclei are altered in various ways. The 
cellular infiltration is very vascular, and in the case of the older 
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tumours almost cavernous in structure; hence the liability to 
hccmorrhage, which is such a marked feature of the disease. 

The subcutaneous fatty tissue is always inflamed. In addition 
to these features, Letulle describes and figures some most peculiar 
structures seen, under a magnification of 400 diameters, between 
the cells of the epidermis, which he considers to be clasmatocytes. 

The growths appear to be often invaded secondarily with micro- 
organisms, especially if ulcerated, while the eosinophiles disappear 
and the mononuclears diminish. Myelocytes may be present, and 
may number 0-5 per cent., and there maybe some large mononuclear 
cells like macrophages. The nuclei of the polymorphonuclears are 
simply bilobed. 

Symptomatology. — The incubation period is not definitely known, 
and is stated to vary from eight to forty days, but to be most usually 
from twenty to thirty days, during which time prodromata, in the 
form of malaise, lassitude, and depression, may be experienced. 

Febrile Stage {Oroya Fever ). — The invasion is gradual, the 
prodromal symptoms increasing in virulence, while anaemia 
becomes apparent, and peculiar rheumatoid pains appear in 
different parts of the body. These pains are very striking 
and very misleading, for they may in some cases be limited 
to a single region, or even to a single joint or muscle; on the 
other hand, they may be more extensive, and lead to a diagnosis 
of some nerve disorder. As a rule, but not invariably, fever 
appears, and vari(‘S in intensity with the severity of the attack. 
There is usually insomnia and otten delirium. Usually it is inter- 
mittent in character, the paroxysm beginning about noon with 
chills, severe pains, much thirst, and a rise of temperature to about 
104'' F., with a quick, soft, compressible pulse, and ending in about 
twelve hours by crisis, associated with sweating and an amelioration 
of the pains. The liver and lymphatic glands enlarge, but accord- 
ing to some authorities the spleen is not palpable. The patient 
rapidly becomes very aiic'emic and feeble, and usually constipated, 
but may at times suffer from severe diarrhoea. The destruction of 
red cells, according to Monge, is enormous, the number falling to 
900,000 per cubic millimetre, with microcytes in large numbers, 
macrocytes, normoblasts (2,000 per cubic millimetre), megaloblasts 
(200 per cubic millimetre), polychromatophilia, and poikilocytosis, 
while the haimoglobin value is always increased. There is the pic- 
ture of the blood in a pernicious anaemia. There is always a marked 
leucocytosis, the count rising to 20,000 per cubic millimetre after 
the first few days, and increasing later. The polymorphonuclear 
leucocytes number about 75 per cent. The condition of the bone- 
marrow has been studied by Corvallo, who finds excess of normo- 
blasts and neutrophilc myelocytes. 

Eruptive Stage (Verruga, sensu stricto ). — In many cases, after the 
febrile stage has lasted from twenty days to eight months, the 
skin begins to itch, and an eruption appears on the face, neck, the 
extensor surfaces of the arms and legs, and at times on the 
conjunctivae, the lips, tongue, gums, palate, and pharynx. This 
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eruption shows itself at first as small, pinkish-red, erythematous 
spots, sometimes associated with small vesicles, or more rarely 
with bullae or pustules. The erythematous areas speedily become 
papules, and finally nodules, which may vary in size and in number. 
The usual size is about that of a pea. 

When fully developed, they appear as elevated, cylindrical, fungi- 
form, or irregular wart-like bodies, usually discrete, red in colour, 
generally firm to the touch (though tliey may be soft), and very 
liable to bleed. This type of eruption is i\\e forme miliar e (miliary 
type) of the Odriozolas and Salazar. Ip addition lo these super- 
ficial tubercles there are deep subcut aneew^.s nodules (nodular type), 
which lie under the unaltered skin, and from which at first they arc 
quite free. These nodules may reach a large size, and become 
adherent to the skin, ulcerate, and reach the surface as large red 
fungating masses, which readily bleed. This is the forme mulaire 
of the above-mciiuioned authors. Both types appear on the skin, 
bui: I he miliary type may also appear on the mucous membranes 
and int(r;nal organs, while the nodular type is confined to the skin, 
cip('cially at the flexures of the elbows and knees. The first crop 
uv.ially appears on the face, and the extremities may bo discrelc or 
condnent ; in the latter case no healthy area of skin may be visible. 
The miliary eruption may appear when the general symptoms ha^'e 
aba' ed, but the nodular is accompanied by fever. 

Tile area of the skin on wiiich the spots appear is usually 
(X'dematous, a feature most commonly observed on the legs. With 
the appearance of the eruption the fever deelines, the general 
symptoms abate, and the patient feels better, but the blood shows 
a marked dimihuticn in the red cells, some of which are nucleated, 
and a corresponding reducHon in the lixmoglobin, and this ana'inia 
may be aggravated by h;x:norrhages from the nodules, which may 
be so severe as to cause the death of the patient. This blood 
condition has been carefully investigated by Monge, who finds that 
at the commencement of the illness there is oligocythcemia, micro- 
cytes, macrocytes, normoblasts, and rnegaloblasts (under 1,000 per 
cubic millimetre), with poikilocytosis, polycliromatophilia, and 
granular red cells. The haemoglobin value is raised. The white 
cells arc increased, and there is slight polymorphonucleosis. The 
mononuclears have well-marked basophilic protoplasm. At this 
stage the verrugas may develop in the internal organs, and cause 
serious symptoms; thus in the larynx they will cause dyspnoea; in 
the bronchi, bronchitis; in the lungs, pneumonia; in the pleura, 
pleurisy; in the nose, epistaxis and difficulty in nasal breathing; 
in the oesophagus, dysphagia; in the intestine, bloody diarrhoea; in 
the meninges, brain symptoms; in the eye, amblyopia; and in the 
uterus, metrorrhagia. 

After lasting from four to six months, during which several crops 
appear and disappear, each preceded by an attack of fever, the 
eruption finally disappears, and the nodules, becoming pale and 
drying up, disappear without producing a scar, while the ulcerated 
nodules dry up and heal I'v cicatrization, and the patient is left 
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Fig. 706. — Verruga Peruviana: Eruption on Extremities. 
(After Biffi, from the Archiv fur Schiffs- u. Tropen-Hygiene.) 
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convalescent, but anaemic and feeble. According to Monge, syste- 
matic examination of the blood reveals the fact that a time arrives, 
which he calls the critical period, when the leucocytes are reduced; 
the polymorphonuclear leucocytes also diminish in numbers, and 
the eosinophiles, which have been practically absent, reappear, a.nd 
a definite mononuclear increase supervenes. This critical period 
lasts four to five days, and changes completely the blood picture. 

During tlie decline of the disease there is slight oligocytha^mia and 
granular red cells, while the mononuclear cells are increased to 
50 to 60 per cent. ; there is slight eosinophiiia, and tlie hceinoglobin 
value is normal. 

The course of the disease, however, is by no means as straight- 
forward as depicted, for at times the eruption comes out poorly, 
and is limited in its distribution, or, having developed, may dis- 
appear, in which cases the general symptoms, which may have 
improved, are apt to return and cause a serious illness. 

Acute or Severe Form.— This form— Carrion s disease, sensd 
stricto — is considered by many authorities to be a condition separate 
from verruga, and when present in verruga to be merely a compli- 
cation. It seems to be a fever of the enteroidea group. Ihe 
temperature becomes almost continuous, the pains and the diar- 
rheea severe, the urine dark and scanty, acid in reaction, with high 
specific gravity, increased indican and urobilin, but rarely albumen, 
and never blood. It contains soimdhing which reduces Fehling s 
solution. According to some observers the anaania becomes pro- 
found, the red cells being reduced to 500,000, according to Monge, 
nucleated red cells appearing, while death results in about two or 
three weeks. 

Varieties. — Slight cases may pass through the whole illness 
without fever, while more severe cases show intermittent or even 
remittent fever. 

Complications. — ^The complications arc numerous, and include 
septic })oisoning, malaria, tubcaxidosis, and syphilis. 

The observers who consider Oroya fever a separate entity from ver- 
ruga, admit that it is not nin^ly complicated with the latter. 

Sequelae. — The usual sequeke are anaemia, dropsy, and affections 
of the nervous system. 

Diagnosis. — ^The most important feature in the diagnosis is resi- 
dence in one of the endemic areas, when a person complaining of 
vague pains and illness, with distinct amemia, with or without 
febrile symptoms, should be regarded as most likely to be suffering 
from the febrile or anaemic stage of verruga. The rapidity with 
which the annemia is developed is an important point in the 
diagnosis, for in the severe forms of the disease the number of 
the red cells will fall in three to four days to less than 
1,000,000 per cubic millimetre, and even in slight cases there will 
be a marked diminution. Concurrently in the severe forms all 
the signs of the blood picture of pernicious aUcTniia will develop. 
This anaemia imprints a typical facies upon the patient. The 
febrile stage must be differentiated from malaria by the absence 
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of the parasites in the blood, from typhoid by the serum leaction^ 
from tuberculosis by skin and ophthalmic reaction, from rheumatism 
by the absence of the swelling of the joints, and froni histoplasmosis 
bv the absence of the parasite. The stage of eruption must be dis- 
tinguished from frambffisia by the absence of the eruption the 
trunk, by the tendency to haemorrhage, and the absence of Trepo- 


Item a perfemie. 

It should be remembered that according to Strong, Tyzzer, Brues, Sellards, 
and Gastiaburu’s valuable researches. Oroya fever and verruga are two 
separate diseases, Oroya fever being characterized by the profound ansemia, 
the fever, the ]irescnce of Bartonella hacilliformis in the blood, its non-inocu- 
lability in monkeys, while uncomplicated verruga is clinically identical with 
angiofibroma contagiosum; there is no fever, no severe anannia, there is 
absence of B. hacilliformis and the condition is inoculable in monkeys and 
human beings. 



Fig. 707. — Vekkljga Peruviana; Eruption on the Face, Lips, and Tongue. 

(After Bilfi, from the Archiv fi'ir Schiffs- u. Tropen-Hygiene.) 

Prognosis. — With the possibility of such a serious complication 
as Carrion’s fever arising, or in later stages of internal verrugas 
forming, the prognosis must be very guarded. A good sign is an 
early appear anct' of a widely-spread eruption, while a poorly- 
developed eruption associated with amemia and marked weakness 
is of grave import. Monge states that the difference between two 
consecutive blood counts is of importance in deciding the prognosis, 
as an increase in the mononuclears and of the erythrocytes and the 
appearance of eosinophile cells marks an improvement. 

The appearance of the eruption per se should not be considered a 
good sign if there is still marked oligocythiemia and polymorpho- 
nucleosis. 

Especially serious is the disappearance of a poorly-marked erup- 
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tion, and the reappearance of fever pains, etc. Cold weather and 
high altitudes are unfayourable, and complications increase the 
gravity of the case considerably, the former because it delays the 
development of the eruption and may cause it to abort, and the 
latter because it increases the tendency to haemorrhage. The 
mortality varies from 10 to 40 per cent. 

Treatment. — No specific treatment is known, but Odriozola 
recommends hypodermic injections of arsenic, and removal from 
the endemic region to the warm countries along the littoral will also 
be of benefit. Atoxyl, salvarsan, and neo-salvarsan may be tried. 
Chills and cold baths must be specially avoided as being apt to stop 
the development of the eruption, and hence to endanger the life of 
the patient. Drugb appear to be useless in the febrile stage, and 
though decoctions of maize, of Buttneria cordaia (Buttneriacese), 
Biiddleia incana (Scrofulariaccac), or wo//t;(Terebinthinaceae), 

have been popular, they are now believed to be useless. 

Tonics of iron and arsenic arc useful during convalescence, but 
the iron is best administered by hypodermic injections. Carrion’s 
fever must be treated in the same manner as typhoid fever. 

Prophylaxis.— In the present state of our knowledge the only 
possible prophylaxis is to avoid the endemic regions, and to protect 
the body against biting arthropods, especially at night. 
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CHAPTER LXIII 


RHINOSPORIDIOSIS AND SARCO- 
SPORIDIOSIS 

Rhinosporid io vsia — The Sarcosporklioscs — Scrgcn tclliayis- — Rcl crcnc t s . 

RHINOSPORIDIOSIS. 

Definition. — Rliinosporidiosis is a chronic infection caused by 
Rhinos poricii him scchcri Wernicke, 1900, and characterized by the 
production of polypi on mucous membranes and papillomata on 
cutaneous surfaces. 

History. — The disease was first recognized by Mall:)ran in Soutli 
America in 1892, then by Seeber in i89() in Buenos Aires, in a nasal 
polypus occurring in a young man aged nineteen years. In 1900 
he gave a description of the ])arasite and its development, which 
we have be(‘n unable to obtain, but which is said to be a most 
excellent account. Leiter he found two other cases in the same 
town, and in 1900 the parasite was named Coccidium scchcri by 
Wernicke. 

In 1903 Kinealy reported to the Laryngological Society a peculiar 
case of a polypus which he had found in 1894 growing from the 
septum of tin; nose of an Indian in Calcutta in the form of a pedun- 
culated, raspberry-like body, with whitish spots on the generally red 
surface. On section this tumour was found to have peculiar bodies 
embedded in it. It was then carefully examined and described 
by M inchin and Fantham, who came to the conclusion that the 
peculiar bodies were Haplosporidians, and named them Rhinospori- 
dium kincalyi. In 1905, Nair of Madras found similar nasal polypi 
in several people, who all came from the small native State of Cochin, 
on the west coast of India. These polypi were carefully described 
by Beattie in 1906. 

In 1910 we observed the same parasite in a nasal polypus in 
Ceylon, and in the same year Ingram published an account of its 
occurrence in a conjunctival polypus and in a papilloma on the penis. 

In 1914 Tiruniurti gave a most excellent account of the disease. 

In 1918 Chelliah, in Ceylon, not merely confirmed our original 
discovery of the disease in that island, but reported several more 
cases in Singhalese and moormen. 

Climatology. — Rhinosporidiosis occurs in South America, in 
India, and in Ceylon, and quite possibly in other regions. 
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etiology. — ^The cause of the disease is Rhinosporidiiim seeheri 
Wernicke, 1900 (p. 533), which is present in the growths in the 
form of clear hyaline roundish cysts of varying diameter. 

The life-history in man appears to be as follows: — 

The free spores, which are small spherical ovoid bodies with single 
chromatinic masses, grow into sporocysts which have a few chroma^ 
tinic granules. These sporocysts grow into larger bodies containing 
a few centrally placed pansporoblasts. When these cysts are 
mature they are filled with pansporoblasts which have formed spore 
morulce containing some fourteen to sixteen clear shining spores. 



Fig. 708. — Section of Nasal Polypus showing Rhmospovidiuni secberi 
AT I AND 2. (X30.) Ceylon Case. (Photomicrograph.) 

I is reproduced much more highly magnified in Fig. 709. 


The cyst ruptures, the pansporoblasts escape and rupture, and so 
allow the spores to be liberated. Spores probably escape from the 
nose and other parts, and possibly infect man in this way, because 
there is some slight evidence of transference direct from man to 
man, though we were unable to trace any such cause in our Ceylon 
case. Probably the reservoir for the parasite is in some unknown 
animal. Spores which do not escape from the body propagate 
the parasite in the patient. 

Morbid Anatomy. — ^When a polypus is teased out in the normal 
saline it will be observed that it is stalked, and that from this central 
peduncle strands of fibrous tissue branch out into processes. The 
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tissue is studded with pin-head sized whito dots which represent the 
cysts. 

As can be judged from Fig. 708, the mucous membrane is thrown 
into folds which form papillomatous-like processes, in which, here 
and there, the epithelium is thin or wanting. The subepithclial 
tissue is very vascular, and is infiltrated with polymorphonuclear 
leucocytes, and shows small hsemorrhages at times, and in the nOse 
may also be myxomatous in places. The cysts may be seen lying 
in this tissue or bulging through the epithelium (vide 2 in Fig. 708 
and also in Fig. 709, which shows a cyst full of pansporoblasts, which 
appear under higher magnification in Fig. 710). 



Fig. 709. — Rhinos poridiiim scchcri Wernicke as seen at 2 in Fig. 70S. 
(X 300.) Ceylon Case. (Photomicrograph.) 


Pathology. — ^The parasite spreads in the body by the rupture of 
the cyst and the liberation of the spores. We suspect that it may, 
at times, give rise to a condition resembling a septicicmia. 

Symptomatology. — ^'ihe patient has his attention drawn to his 
nose by profuse bleedings, and in a little time notices a growth. 
On examination this is found to be a small vascular pedunculated 
tumour, about the size and shape of a pea, freely movable and 
painless, attached to the anterior and upper part of the cartilaginous 
septum. In appearance it resembles a strawberry or a raspberry. 

It may, however, form polypi in other regions, as, for example, 
on the conjunctiva, or papillomata on cutaneous surfaces, as, for 
example, on the penis. 
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Diagnosis. — ^The diagnosis can only be made by removal of the 
whole or a portion of the growth, which in most cases has the ap- 
pearance of a nasal polypus, followed by a microscopical examina- 
tion, when the parasite will be easily seen as a roundish cyst filled 
with granules which, when examined under a higher power, are 
seen to be the pansporoblasts. 



Fig, 710. — Rhinosporidium sebeeri Wernicke as seen at 2 in Fig. 708. 
(X 1,000.) Ceylon Case. (Photomicrograph.) 

Prognosis. — ^This is usually said to be good, but if it can cause, 
as we'suspect, a general infection, it may be dangerous to life. 
Treatment.— The treatment is to remove the growth and cauterize 

'^^Vrophylaxis. — As we are entirely ignorant of the life-cycle of the 
parasite or where it exists outside the human body, no remarks 
can be made as to the prophylaxis. 


THE SARCOSPORIDIOSES. 

Definition.— Sarcosporidiosis is a chronic infection caused by the 
invasion of the body by Sarcoevsiis linthmanni Rivolta, 1878, 
Sarcocystis muds R. 'Blanchard, '1885, and perhaps other allied 

°'^IIistory. — In 1868 Lindemann found some indefinite bodies in 
the myocardium and on the valves of the heart of a person who 
had died of dropsy. It is thought that these bodies may Possibly 
have belonged to the genus Sarcocystis, but it is very doubttul 
what they really represented. In 1887 Koch described the first 
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genuine case in P^gypt. In 1894 Baraban and St. Remy found 
these parasites in the laryngeal muscles of a man who had been 
executed. In 1902 Rosenberg reported a doubtful case, and 
Kartulis another doubtful case. In 1903 Et. and Ed. Sergent 
described a parasite which later was called Sergentella hominis 
Brumpt, 1910, in the blood {vide p. 537), and in 1905 Castellani and 
Willey described rather different bodies also in the blood (vide 
PP- 537 3.nd 53^) > which they were inclined to consider of protozoal 
origin, and later similar, but somewhat larger, forms were found 
by Castellani and Sturgess in the blood of Bos indicus (Pdg. 189, 
P- 531)- In 1909 Darling described a case of sarcosporidiosis in a 
Barbadian negro in which the parasite appeared to be Sarcocystis 
mi iris Blanchard. 

Climatology. — Sarcosporidiosis being only a chance infection in 
man, and the parasite normally occurring in monkeys, buffaloes, 
cattle, sheep, pigs, rats, and other animals, it is obvious that not 
merely will the disease be very widespread, but that different 
varieties will occur in the different zoological regions. The cases 
so far described are in Central America, Europe, and Egypt, and 
doubtful cases in Algeria and Ceylon. We are suspicious that 
the Ceylon case may have some connection with 5. tenellce, var. 
hiibalis Willey, Chalmers, and Philip, 1904, which is very com- 
monly found in buffalo meat in Ceylon. 

^Etiology.— The causation of sarcosporidiosis is the presence of 
sojue species of sarcocystis in man, but the method of entry is not 
obvious. It would seem possible that eating undercooked meat 
infected with Sarcocystis might produce the infection, as Darling 
has shown that guinea-pigs can be infected by feeding them witli 
rat’s muscle containing 5. muris, and by feeding them with the 
ripe sporozoites of the same species. In our opinion this is a very 
probable method of chance infection, because the buffalo meat in 
Ceylon is h(;avily infected (vide p. 531). 

Morbid Anatomy. — The spores can be found in the blood and the 
parasites in the muscle fibres. 

Symptomatology. — The incubation period in animals appears to 
be yt'iy long, some 152 to i(>4 days. During the invasion the 
patient sutfcTs from an irregular fever, which may resemble enteric 
fever, and in severe cases this fever may be complicated with 
myositis and even necrosis of the muscles. 

Diagnosis. — 1 he sym])Loms are those of an irregular fever, which 
in some cases may be typhoidal-like, and in others of a very low 
type without much general disturbance, while some cases may 
never show pyrexia. The nature of these fev^ers may be suspected 
by finding bodies resembling the spores of Sarcocystis {vide Fig. 189, 

P; 53^) the blood, hailing this, and especially if there are any 
signs of myositis, the diagnosis can be cleared by excision and 
examination of a piece of diseased muscle. 

Prognosis. — ^This is good after the parasites have become quies- 
cent, for no one has so far been known to die of the disease. 
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Trcatmsnt. — ^The treatment is entirely symptomatic. 

Prophylaxis. — ^]\Ieat should be carefully inspected, and any found 
heavily infected with Sarcocystis should be condemned, while all 
meat should be well cooked. 

SERGENTELLIASIS. 

The brothers Sergent, in 1903, described a peculiar parasite 
(the description of which is found on p. 537) in a person suffering 
from night sweats and attacks of nausea. There was apparently 
no fever, and tlic general condition was good. This parasite, to 
which Brumpt has given the name of Sergent ell a hoviinis, might be 
the free spores of a species of Sarcocystis. 
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CHAPTER LXIV 


PARAGONIMIASIS 

Synonyms — Definition — History — Climatology — ^Etiology — Pathology — 
Morbid anatomy — Symptomatology — Complications- — Diagnosis — Treat- 
ment — Prophylaxis — References. 

Synonyms. — Parasitic haemoptysis, Pulmonary distomatosis, Endemic 
hasmoptysis. 

Definition. — Paragonimiasis is a chronic or subacute general or 
local infection of man by means of Paragonimus ringeri Cobbold, 
1880, which produces cystic lesions, containing a thick, opaque, 
reddish fluid, in which are found at times the parasite or its eggs. 

History. — In 1879 Ringer discovered the parasite of this disease 
in a patient at Tamsui in Formosa, and it was named Disiomum 
ringeri by Cobbold in 1880. In 1878 Kerbert had discovered similar 
parasites in the lungs of two Bengal tigers which died in the Zoo- 
logical Gardens of Amsterdam and Hamburg. Subsequently it 
was considered that the two parasites were one and the same species, 
and as Kerbert had named his species Paragonimus ivestermani 
in 1878, this name was applied to the human parasite until Ward and 
Hirsch stated that the spines which cover the cuticle and which 
are arranged in groups are different in the two species. Thus 
Paragonimus ringeri has chisel-shaped moderately heavy spines, 
while P. westermani has lancet-shaped and very slender spines. The 
human species is, therefore, known by Cobbold’s name of P. ringeri. 

In 1880 Baelz found bodies in cases of haemoptysis which he 
thought were psorosperms, and, therefore, he called the disease 
‘ gregarinosis pulmoniim/ but when the bodies were shown to 
Leuckart he said that they were ova of a distomum. 

In the same year (1880) Manson found the eggs in a case of haemo- 
ptysis in a Chinaman from Northern Formosa, and later in a Portu- 
guese with similar symptoms from Tamsui in Northern Formosa. 
This Portuguese died in Formosa, and Ringer discovered in the 
lungs during the post-mortem examination a minute fleshy oval 
body, grey in colour. This specimen was forwarded to Manson, 
who sent it to Cobbold, who named it Distomum ringeri. 

In 1883 Baelz also found adult specimens in the lungs, and gave 
them the name Disiomum pulmonale. In 1890 Otani and Yamagiwa 
showed that it could give rise to a general infection and could be 
found in the brain. In 1902 Musgrave gave a very complete account 
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of the disease as seen in the Philippine Islands. In 1910 Nagano 
reported upon the prevalence of the disease in Northern Formosa, 
aronnd the prefecture of Shinchika; and Nakagawa in 1913 and 
1914 found 1,249 cases, of which 922 occurred in that prefecture, 
and believes that there are not less than 13,000 cases therein. In 
1912 Masuo and Yokokawa found the disease in Sansaka, Koryo, 
Jukirin, and Nansho. In 1914 Nakagawa investigated the inhabi- 
tants of the lowlands occupied by savage tribes, and found that 
about 50 per cent, of the population were infected; but in the high- 
lands the cases were less in number. 

In the meanwhile observations had been made as to the develop- 
ment of the worm in the egg by Nakahama in Japan, by Manson in 
China, and by C-^rrison and Leynes in the Idiilippincs. In 1914 
Nakagawa found that the ccrcariae developed in tlu' Melania 

liherUna Gould, which lives in pools and sluggisli streams; in 
Melania ohliqnegranosa vSmith, which inhabits slowly moving 
streams; diXiA in Melania tuber CMlaiaMwXltr. 

The life-history would be as follows: — The miracidia attach them- 
selves by means of suckers to the lu'ad, jaws, and feet of these 
molluscs, and then bore their way by means of their proboscis into t he 
liver, the heart, and the kidneys, where they become sporocysts 
and cercari^e. These latter possess an unforked tail and measure 
0*12 X 0*09 mm., and a tail of 0*054 hey also show a spine, 

two suckers, three pairs of poison glands, and a heart-shaped excre- 
tory vesicle. They encyst on the gills of certain crabs — v\z.,Fotamon 
(geoihelphiisa) oblusipes Stimpson, the red crab; Poianwn {geothel- 
phiisa) dehaanii White, the dung crab; Eriocheir japonicus de Haan, 
the hairy crab; and perhaps on those of Sesarma dehaanii Milne 
Edwards, nwAPotamon [pavaihelphma) sinensis Milne Edwards. 

Dogs fed u])on these crabs showed eggs in ninety days after 
infection. The young distome escapes from the cyst in the intestine 
of the dog, pierces the wall of the jejunum and passes into the peri- 
toneal cavity, pierces the dia})hragm and pleura and enters the lungs, 
where it encysts and becomes adult. 

More recently other observers have doTd)ted the necessity of the 
crab in the case of the infection of man, which apparently can lake 
place via the skin. 

Kobayashi believes that the cercariie observed by Nakagawa in 
molluscs of the genus Melania are not those of P. ringeri. 

Climatology. — Paragonimiasis is found in China, Corea, Japan, 
Formosa, the Philippine Islands, and Sumatra. The infection 
is more prevalent among people living along large rivers, according 
to Nakagawa, and less so among people who use well water. 

etiology. — ^'fhe causal agent is Paragonimus ringeri Cobbold 
(p. 573), which lives not merely in man, but also in the cat, the dog, 
and the pig. The intermediate hosts are molluscs of the genus 
Melania, in which the cercariai are developed, and these pass to 
man either directly or through the agency of certain crabs, in which 
they become encysted. Infection may be by the alimentary canal, 
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and also perhaps by the skin. The worms become adult in the 
lungs and other organs. 

The disease appears to be very widespread in certain districts, 
and the old idea that it is more common in males than in females 
requires reinvestigation. 

Pathology. — The pathology of the disease is by no means clear, 
and how the various pathological changes are evolved is unknown. 

Musgrave has classified the lesions into: — 

1. The non-suppurating lesion. 

2. The tubercle-like lesion. 

3. The suppurating lesion. 

4. The ulcerative lesion — 

{a) in the skin; 

{h) in the bronchial mucosa ; 

(c) in the intestinal mucosa; 

(d) in the bile-duct. 

The simplest lesion appears to be an infiltration of the connective 
tissue of an organ with eggs, without any histological changes at 
first, but later with a proliferation of the connective tissue and the 
formation of a cirrhosis or a round-celled infiltration, with some- 
times many eosinophiles, which may lead to abscess-formation, and 
finally to ulceration. The abscess-formation may at times produce 
caseous material, giving a tubercular appearance. 

The non-suppurating lesion may therefore be simple infiltration 
of the tissue by (;ggs, with or without inflammation. On the other 
hand, cirrhotic changes may be seen, especially in the liver. In serous 
membranes an adhesive inflammation is often produced, associated 
with the presence of eggs in brown patches at file points of contact. 

The inllammation of the organ may, however, proceed to pus- 
formation, resulting in a typical abscess. On the other hand, the 
tissues generally attempt to circumscribe this abscess by a fibrous 
wall, and thus produce what is called the typical lesion of the 
disease. In the centre of the abscess will be seen degenerated cells, 
blood, eggs, and perhaps a pareisite. Then comes a capsular wall 
of fibrous connective tissue, smooth towards the centre, and join- 
ing the rest of the organ externally. Around this wall the connec- 
tive tissue of the organ is proliferating and congested. In this way 
the typical little cysts, with dull blue-grey walls, smooth internally, 
and containing a thick, reddish fluid, with or without eggs or a 
parasite, are formed. These lesions may work their way to a 
cutaneous or mucous surface, and so open into a bronchus, or into 
the intestine, or the bile-duct, or on to the skin, thus giving rise 
to ulcers in those regions. The intestinal ulcers closely resemble 
dysenteric ulcers, and, indeed, may become secondarily infected 
with annebie or bacteria. 

In course of time these lesions may show some attempt at healing 
and scar-formation, but generally this is not very successful. 

The blood may show a deviation of complement with worm-body used as 
antigen. 
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Morbid Anatomy. — ^The body may be well nourished, but more 
usually is emaciated and anaemic. Ulcers can be seen at times in 
the axillae and groin, leading into diseased glands. The muscles 
may contain abscesses. The pleura, pericardium, peritoneum, and, 
more rarely, the meninges, show the chronic inflammations and the 
non-suppurative lesions mentioned above. The lesions found in 
the lungs are diffuse cirrhosis, bronchiectatic cavities, pneumonia, 
and caseous abscesses, while those of the liver are cirrhosis, peri- 
hepatitis, and abscess-formation. The typical lesions mentioned 
above may be found in the spleen, pancreas, small and large intes- 
tines, kidneys, bladder, epididymis, prostate, and in the choroid 
plexus of the brain. 

Symptomatology. — As the invasion of the body is so generalized, 
the symptoms are very varied. Musgravc differentiates four 
varieties — the generalized, the thoracic, abdominal, end cerebral; 
but there is nothing very characteristic about any of these types. 

In the gcncralizoci type there may be fever, enlarged lymphatic 
glands, general muscular pains, and ulceration of the skin. 

In the thoracic type there will be cough, with the expectoration 
of purulent or, more generally, blood-stained sputum, in which the 
eggs may be best seen by the addition of a little ()*i per cent, solu- 
tion of sulphuric acid. More rarely an adult parasite appears in 
the sputum, which also may contain Charcot-Leyden and creatinin 
crystals. The patient generally complains of pain in some part of 
the chest. The physical signs may indicate broncho-pneumonia or 
pleural effusion, which may be serous or purulent. 

In the abdominal form of the disease there are only the vaguest 
symptoms of dull, aching pains and tenderness, while diarrluea, 
appendicitis, epididymitis, or cirrhosis of the liver, may be demon- 
strated by the usual physical signs and symptoms. When diarrhoea 
occurs, the eggs may be found in the heces. 

The cerebral type is associated with epilepsy, which may be 
Jacksonian in character, while neuritis or paralysis may also be 
present. 

The blood and urine have not yet been fully examined. Though 
generally chronic, the course may be acute if complicated by septic 
or other diseases. 

Complications. — -The most usual complications are tuberculosis 
and ent amoebic dysentery. 

Diagnosis. — -With the above symptomatology, it will be obvious 
that the diagnosis depends entirely upon ftncling the eggs of tlie 
parasite in the sputum, the heces, the scrapings from tlic ulcers, 
or the fluids obtained by puncture of a hydro- or pyotliorax. 
Suspicions as to the presence of the disease will be strongest when 
cases showing any of the above signs occur in the endemic area. 

Treatment. — The treatment must be devoted to relieving indi- 
vidual symptoms, but Musgrave recommends treatment by iodide 
of potash. Removal from the endemic area is, of course, indicated. 
Perhaps tartar emetic injected intravenously might do good. 
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Prophylaxis. — In the endemic region drinking and bathing water 
should be boiled or filtered, and crabs should not be eaten. 


REFERENCES. 

Ando (1917). Verliand. Japan. Path. Gescllsch., April. (Complement 
Deviation.) 

Garrison and Leynes (1909). Philippine Journal of Science, iv. 177. 
Manila. 

Kobayashi (1918). Mitt. Med. Fachscliulc zu Keijo. 

Manson (1881-1882). Medical Times and Gazette, ii. 8 and .|2. London. 
Musgrave (1902). Philip])ine Journal of Science, ii. 15. Manila. 

Nakagawa (1915). Taiwan Igakkwai Zasshi. (1915). Tokyo Iji Shenshi. 
(1915). Chyugwai Iji Slumipo. (1916). Journal of Infectious Dist'ases, 
xviii. 1 31. (1917). Journal of ICxperimental Medicine, xxvi., No. 3, 

297-323. (A very important publication.) 



CHAPTER LXV 

KATAYAMA DISEASE 


Synonyms — Deftnition — History — Climatology — i^Iliology — Pathology — - 
Morbid anatomy— Symptomatology — Varieties- — Complications- — Diag- 
nosis— -Prognosis -Treatment- -Prophylaxis — References. 

Synonyms. — -Urticarial fever, Asiatic schistosomiasis, Schistosomiasis japonica, 
Kabiire (cutaneous symptoms). 

Definition. — Katayarna disease is caused by Schist osoma japoniemn 
Katsurada, 1904, and is characterized by urticarial and dysenteric 
symptoms, painful enlargement of the liver and spleen, with or 
without fever, dropsy, progressive amemia, and sometimes pulmO' 
nary and brain symptoms. 

History.— In 1887 Mazimi drew attention to a peculiar form of 
cirrhosis of the liver wliich was found in certain districts in Japan, 
and was caused by the ova of some unknown parasite. His dis- 
covery was confirmed, and the ova were found in other organs 
besides the liver; and the disease, which became well known among 
Japanese medical men, was named ‘ Kata3^ama disease/ from a 
town in Bingo, one of the districts in which it is common. In 1904 
Katsurada, who was resident in the infected area, discovered that 
the ova were those of a Schistosoma, and, further, found the 
adults in the portal vein of a cat. He named the parasite 
Schistosoma japonicum. In the same year Fujinami discovered a 
female worm in a human being. Meanwhile Catto found the same 
parasite in a Chinaman from Fukien, and described it in 1905, and 
in the same year Stiles and Looss gave accounts of the disease. In 
I9()() Woolley, in a most excellent paper, described its occurrence 
in the Philippine Islands. Logan has found it in a Chinaman from 
Hunan, and in 1909 Peake recorded three cases from a small town 
on the Slang Kiv(;r, in the Hunan province of Central China. In 
1911 Houghton, Logan, and Lambert, drew attention to cases of 
fever with urticaria, and cosinophilia connected with infections with 
5. japonicum. 

In the same year Edgar drew attention to this fever in the Y angt ze 
Valley, near Hankow, and noted that nearly every patient had 
bathed or waded in marshy ground near the river. 

In 1912 Miyagawa did not believe that the worm was the cause of 
the dermatitis. 

In 1913 Miyairi and Suzuki noticed that the eggs of the worm, 
when kept for one to two hours in faeces and water at a suitable 
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temperature, hatched out, the shell being broken. The newly-born 
juirsLcidid swim about vigorously and enter a snail, said at the time 
to be a species of Limneaus, in which aft^ twelve days rediae appear 
in the liver. They further found that mice placed in the same vessel 
with these snails for three hours a day develop 5. japonicum in 
their livers. 

Also in 1913 Katsurada found that the worms reached maturity 
in two weeks and produced eggs in three weeks, and that the method 
of infecHon of the vertebrate was by the skin, as could be demon- 
strated by producing the disease in cats and dogs (Katsurada), 
in cattle (Fujh'iami), in man (Mat sura in himself). 

In 1914 White gave an account of a case of the disease, as seen 
on H.M.vS. Cadmus, under the term urticarial fever. The patient 
suffered from fever about 102'' to 103° F. in the evening and normal 
in the morning, pains in the lumbar and epigastric regions, pulse- 
rate 90, with a temperature of 103'' F., slight reduction of the red 
corpuscles, 4,800,000 per c.mm., and 50 per cent, to 70 per cent, 
of eosinophiles, and loss of weight associated with the appearance 
of urticarial eruptions in various parts of the body. 

In the same year Lanning noted that it was not uncommon for a 
fair proportion of the crews of gunboats patrolling the Yangtze 
River to become infected after wading through the water-covered 
paddy fields in search of snipe. 

Miyairi’s work induced Leiper and Atkinson, in 1914, to proceed 
to Shanghai and later to Katayama in Japan to investigate the 
parasite. Their results were published in 1915. At Katayama 
they found a small brown snail, with eight spirals and an operculum, 
known at that time as Katayama nosophora, which had an extra- 
ordinary attraction for the miracidia, its small head and foot 
becoming festooned with white specks (the miracidia), which 
appeared to irritate the snail. Later the liver was found to be full 
of ccrcarias with bifid tails, which infected laboratory-bred mice by 
passing through the skin, male and female adult worms being found 
in the portal vessels one month after infection. 

In 1916 Koiki drew attention to the fact that in forty-two cases 
found near Shushin, in Ja])an, all but three were farmers, and most 
had had an itchy eruption on the legs about a year before. In the 
same year Mann reported upon the disease, and said that salvarsan 
was beneficial in the second stage; and Narabayashi studied the 
life-history ol the parasite (vide p. 592) and pointed out the re- 
lationship between it and the skin disease called kabure. 

Climatology. — It occurs in Japan, China, and the Philippine 
Islands: in the first in the provinces of Bingo, Yamanashi, Hiro- 
shima, and Saga; in the second it is reported up to date from Hunan, 
Honan, Hupeh, Kiangsi, and Anhwei provinces, and from Fukien. 
In Wuhu 8 per cent, of all male cases entering the General Hospital 
show cither latent, active, or overwhelming infection. In China 
only the low-lying lands appear to be infected ; no cases from the 
hills or mountains are known. 
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In the Philippine Islands one case has been reported by Woolley 
as occurring in a Filippino who had never left the islands. 

etiology. — ^The cause of the disease is Schistosoma japonicum 
Katsurada, 1904* which is spread hy Bland fordia japonica, in which 
the worm develops into cercari^e which penetrate the skin. The 
vertebrate reservoirs are cats, dogs, and pigs. For description of 
the worm see p. 590. 

Pathology. — After penetrating into the skin the parasites enter 
either veins or arteries. In the former case they pass to the right 
heart and hence to the lungs, at the bases of winch they collect, 
and then, passing through the mediastinum, diaphragm, and liver, 
reach the portal system. Sueyasu, in 1916, obtained complement 
fixation with the biood of immune amimals. 

Morbid Anatomy. — On opening the 
abdomen, signs of old peritonitis may be 
seen, the appendices epiploicje being 
matted together, and at times there are 
also signs of old pelvic peritonitis. The 
liver is cirrhotic and less than its normal 
size, and its surface is studded by 
nodules, usually larger than those of 
alcoholic atrophic cirrhosis. Glisson’s 
capsule is thickened, and shows much 
connective tissue with round-celled in- 
filtration, in which lie the ova of the 
worm. 

The small and large intestines and 
appendix may be thickened, and their 
mucosa is swollen and hyper<Temic, and 
shows patches of ulceration and necrosis, 
and, in addition, papillomata, resembling 
those of bilharziosis. The eggs may also 
be found in the mesentery and in the 
mesenteric glands, the wall of the gall- 
bladder, the pancreas, the walls of the mesenteric vessels, and the 
pylorus. The adult worms may be found in some of the veins of the 
portal system, especially at the bifurcations of the smaller mesenteric 
vessels. 

In addition, the eggs may be found in fibrous and round-celled 
infiltrations in the lungs and in the brain. This infiltration often 
takes the form of nodules. 

Symptomatology. — ^The early symptoms of the disease may be 
slight, or perhaps it may begin with attacks of fever, with urticarial 
rashes, in which there is marked eosinophilia, and this may be 
associated with cough, scanty expectoration, some impairment of 
resonance over the bases or other parts of the lungs, with fine 
crepitant rales on deep inspiration, and a diminution of the breath- 
sounds. 

About two years later there are diarrhoeic or dysenteric symp- 



Fig. 71 1 . — Schistosoma 
japonicum Katsurada. 
(After Manson.^ 
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toms with or without fever, and the presence of the ova in the 
faces Associated with these symptoms are abdominal pains, en- 
largement and tenderness of the liver, the hypogastrium shrinking, 
and the epigastrium enlarging and giving rise to a characteristic 
abdominal appearance. At the same time the dysentenc symp- 
toms cease and an irregular chronic diarrhcea sets in, with motions 
containing much undigested food, and associated with dyspepsia. 

In course of time the preliminary enlargement of the liver may 
cease, and the organ may begin to shrink, but in any case the spleen 
becomes tender and enlarges, ascites appears, and the patient 
becomes steadily weaker, more and more anaemic, emaciated, and 
incapable of mental or physical work. The average of three differ- 
ential blood-counts by Peake is as follows: Polymorphonuclears, 
56*6 pel cent.; mononuclears, 13*2 per cent.; lymphocytes, 15*6 per 
cent.; eosinophiles, 14*1 per cent., but the eosinophilia may reach 
50 per cent. Attacks of fever may occur nightly, otherwise the 
temperature may be subnormal. The vascular, respiratory, nervous, 
and urinary systems are usually normal. If, however, the ova affect 
the lungs, Aliere may bo signs of bronchitis, broncho-pneumonia, 
and fibrosis; and if the brain, those of Jacksonian epilepsy. In 
children the development is stunted. Death may result directly 
from the action of the parasite, or be due to some intercurrent disease. 

Lanning distinguishes three stages in the disease, viz.: — 

Initial Sta^c . — This lasts three to six weeks, and is characterized by high 
afternoon tein])(‘ra.turcs, with slow pulse-rate, evanescent oedemas and urti- 
carias, pains in llie abdomen, especially in the upper part, diarrhma or con- 
stipation, marked ('osinopliilia, and often mental depression. 

Second 1 )iiring this stage the liver and spleen are enlarged with 

anxnnia ; there is loss of weight, slight fever at times, and the ])assage of blood- 
stained mucus, associated with more or less tenesmus and straining, and 
cither diarrhcea or constipation. The characteristic ova can be found in the 
motions. 

Third -This may or may not be present, and then only after three 

to five years, .ind es})ecially if frocjuent reinfection takes place. It is charac- 
terized by cirrhosis of the liver, which may be enlarged or shrunken, ascites, 
oedema of the extremities, emaciation, anaemia, weakness, passage of blood 
and mucus in the motions, and a little fever. 

Termination. — Ik^ath may occur from exhaustion or some terminal infection. 

Varieties. — Houghton recognizes the following types of the 
disease; [a] Typical cases, with enlarged liver and spleen, ascites, 
and blood in tlie motions; [h] cases with only splenic enlargement, 
and with or without blood in the motions; [c) cases with cerebral 
symptoms and marked eosinophilia, to which may be added — 
[d) urticarial fever, with marked eosinophilia in the early stages; 
{e) cases only showing eosinophilia, often associated with some other 
concurrent disorder; (/) latent cases showing ova in the motions, 
but no bodily disturbance. 

Tile splenic type, when present without blood in the motions, 
may give rise to difficulties of diagnosis, which may be cleared up by 
an examination of the blood and heces. The eosinophilia in these 
cases is from 25 to 51 per cent. 
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The cerebral type is exemplified by partial hemiplegia and slight 
disturbance of speech after high fever, and associated with an 
eosinophilia of about 50 per cent. Jacksonian epilepsy has also 
been reported as due to this parasite. 

The urticarial fever is characterized by a remittent t5;pe of fever, 
usually ranging at first from 99° to loo'" F. in tlie morning to 102° 
to 103^ F. in the evening, and after a time from normal to about 
100° F., associated with marked urticaria, followed by pale raised 
blotches on the arms, trunk, and legs, and associated with a marked 
urticarial rash. The fever lasts some weeks, and very closely 
resembles malaria at first, because the daily fall of temperature is 
associated with sweating. 

Complications. — ^'Ihe infection is generally complicated by the 


presence of Trichiiris trichiura, Ancylosiomci dtiodcnaU or Necator 
americanus, and Ascaris Imn- 
bricoides. Dysentery is a com- 
plication which may occur and 
prove fatal to the patient. 

Diagnosis. — character- 
istic signs are chronic painful 
enlargement of the liver eind 
spleen, associated with ascites 
and chronic irregular diarrhcea, 
and marked eosinophilia (10 to 
50 per cent.). A definite diag- 
nosis is tobe effected by finding 
the ova in the faeces. These ova 
are large (o-i by 0*07 milli- 
metre), oval, non-operculated, 
laterally spined (75 per cent.). 



smooth, and transparent, with Pig. 712.— Egg of Schistosoma 


a double contour sometimes japonicum. 


showing a Miracidiuni, and (From a photomicrograph by J. J. Bell.) 
when kept in water for a short 

time give rise to a free-swimming ciliated Miracidhtm. These ova 
are apt to be mistaken for Ascaris himhricoides, or less likely 
for an Ancylostoma ovum. The ova require to be looked for 
carefully. 

Other points which assist in the diagnosis are the greatly exag- 
gerated knee-jerks, the peculiar muddy complexion suggestive of 
ansemia, the lack of leucocytosis (the counts in uncomplicated cases 
being about 2,000 to 8,500 per cubic millimetre), and the emaciation 
without obvious cause. 

Prognosis. — Thct prognosis is very bad, as the parasite directly 
or indirectly leads to the death of the patient. The mortality is 
not known, but Katsurada met with betwetm thirty to fifty-four 
cases every year for five years in the infected area in Japan, and 
saw three to five deaths per annum, which he considered directly 
due to the parasite — i.e., a mortality of about 10 per cent. — ^but 
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he thinks that the indirect mortality would raise the percentage 
considerably. 

Treatment.— The only treatment that can be suggested is to 
administer salvarsan or tartar emetic. 

Prophylaxis.— Avoid contaminated water in drinking and bathing 
— i.e., use boiled water in infected areas for both purposes. 
Wading in swamps, lakes, and paddy fields, is very dangerous, and 
is the method of infection of man. 
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CHAPTER LXVI 

THE FILARIASES 


Synonyms— Definition-- -Filciriasis caused by Filaria bancrofti Cobbold, 1877— 
History— Climatoiugy—^tiology— Pathology— Clinical description — 
Filarial lymphangitis — Filarial orchitis and hydrocele-- Lymphatic 
varix — ^Varicosc lymphatic glands — Chylous effusions— ^ Flephantiasis — 
Rarer affecticins — Idlariasis caused by other Filaridai — References. 

Synonyms. — F'ilarial disease. French, Fhlariose, Maladies filariennes ; 
Italian, Idlariasi ; German, Filaria Krankheit. 

Definition.— Filar iasis is a term denoting the infection of man 
or animals by any species of Filaria — e.g.y Filaria bancrofti Cobbold, 
1877, and some others. 

FIL/VRUSIS CAUSED BY FILARIA BANCROFTI Cobbold, 1877. 

The diseases produced in man by Filaria hancrofii Cobbold, 1877, 
include lymphangitis, orchitis, varix in lymphatics and lymphatic 
glands, ch3dous and lymphatic extravasations, and elephantiasis. 

History.- -The appearance of the huge leg of elephantiasis is so striking 
that it was early noticed by ancient Indian wTiters, who give descriptions of 
diseases which clearly refer to elephantiasis of the leg and of the scrotum, 
and also less clearly to lymph scrotum. Further, they appear to have known 
that elephantiasis could affect the hands and other parts of the body. 

The word ‘ elephantiasis ’ was first used by Celsus to indicate leprosy, 
and in this he was followed by most writers until Cxalen, who included true 
elephantiasis under the same term, an error which became firmly established 
as time passed. In the ninth and tenth centuries Rhazes and Avicenna, 
and other Arabian phy.sicians, described true elephantiasis of the leg under 
the term ‘ da-fil ’ or ‘ dau-ool-lil,’ or elephantine disease, which, however, 
only served to make the confusion between the two diseases more com- 
plete. In the seventeenth century Leonicenus and Varandseus pointed out 
that they were two distinct clinical entities, and in 1709 Clarke described 
elephantiasis on the Malabar coast of India under the term ‘ Cochin leg.’ 
In 1712 Kaempfer described endemic hydrocele, under the term ‘ andrum,' 
as occurring in India, and being associated with erysipelatous eruptions 
on the scrotum, which recurred at the time of the new moon. He also de- 
scribed a large foot under the term ‘ pcrical,' but his description agrees more 
with Madura-foot than with elephantiasis, though it is probable that he was 
confusing both diseases under the same term. In 1750 Hillary, a most 
careful and skilled observer, gave the first full and accurate account of the 
evolution of the large leg of elephantiasis, which he clearly differentiates 
from true leprosy, describing the successive attacks of fever, the lymphangitis 
and lymphadenitis, and the swelling of the limb, which, gradually becoming 
permanent and slowly increasing, produces the well-known condition. 

He was ably supported in 1784 by Hendy, who, in a subsequent treatise 
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in 1789, gave the first full account we have been able to trace of the develop- 
ment of elephantiasis of the scrotum, which he clearly recognized to be the 
same disease as that affecting the legs. He describes and figures an elephan- 
tiasis of the scrotum 24 inches in height and 6 feet in circumference at its 
base, and he further notes cases of spontaneous cure by sloughing. In 1809, 
and kgain in 1824. Alard wrote most excellent treatises on the elephantiasis 
of the Arabs. 

In 1812 Cliapotin was the first to describe haciiiatochyluria in Mauritius, and 
he was followed by Salese in 1832, whose paper aroused so much interest 
in Brazil, where the disease had for long been well known, that in 1835 a 
conference on the subject was held in Rio de Janeiro, after which there were 
many investigations, among which may be mentioned tliose of Rayer in 1838, 
Queveiinc in 1839, .Sigiiad in 1844, and Mozae-Azema in 1858, the last-r.am'ed 
oliserver reporting it in Reunion. In 1854 Jamsetjee described lymph 
scrotum. The result of all this work was to produce a consensus of opinion 
among Brazilian, French, and Indian physicians tluit haematochyluria and 
elephantiasis were merely diilerent aspi'cts of the same disease, and at the 
same time the classical researches of Danielssen and Boeck in i 848 on leprosy, 
and of V. Carter in 1860 on mycetoma, ended Ihe confusion of these two 
diseases with ele[)hantiasis. 

In 1863 Demdiajuay, in Baris, discovered a M icrofilaria in the fluid from a 
hydrocele in a iierson who had come from Havana, l)ut this discovery passed 
unnoticed at the time. In i80() WuchercT, stimulated by the discovery of 
Schistosoma haematobium in luematiiria in Egypt, found a Microfilaria in 
the urine of a case of luematuria in Brazil, but at first thought it to be of no 
importance; but when, after two years of careful work, he regularly found the 
same small worm in the urine of jiersons suffering from haL'inatochyluria, he 
published his discovery in 1868, in the Scime year in which Lewis independently 
found the same jiarasile in the iirim^ of a case of chyluria in India. Lewis 
also found the same small worm in the blood and Ivmjih of persons suffering 
from elephantiasis of the leg, and concluded tliat it was the cause of the 
chyluria and the elephantiasis. In 1 876 Winckel found the same small parasite 
in the fluid from a cas(‘ of chylous ascit('s. 

In 1 870-77 Bancroit discovered adult female worms in a lymphatic abscess 
in the arm, and in a hydrocele of the cord, and these worms were later de- 
scribed by Cobbold, who gave them the name h'ilaria hancrofti. About the 
same time Man.son found the Microfilaria' in the lymph from the enlarged 
lymphatics of a lym})h scrotum and from varicose lymphatic glands, and 
suspected that the so-called malarial orchitis must be of filarial origin. He 
also obtained a female worm from a case of elephantiasis of the scrotum, 
and in 1879 Lewis found pieces of male and female worms; while in 1888 
Sibthorj)e obtainetl ])erfect specimens of a male and female from a lymph 
scrotum, the fornrer being described by Bourne. Lastly, in 1898, Maitland 
drew attention to the occurrence of synovitis in cases of filariasis, which he 
considered could not be looked upon as accidental, and must be held to be 
of filarial origin, but this view cannot be regarded as proved. 

In this way arose the knowledge that the causation of a form of lym- 
phangitis, of lympliatic abscesses, of varices of lymi)hatics, and of lymph 
glands, of ha'inatochyluria, of chylous extravasations, and of elephantiasis, 
was the invasion ot the body by Filar ia bancrofti Cobbold, 1877. 

In the meanwhile the ej)och-making discovery of the agency of the mos- 
quito in the tlissemination of h'ilaria hamcrofti was made by Manson in 1878, 
as well as the periodicity of the Microfilariae, which only appear in the blood 
in large numbers at night, and in 1899 he discovered that they retire to the 
vessels of the lungs during the day. With regard to this periodicity, Bahr has 
showm that it does not depend upon the human host, but upon the habits of the 
insect host being nocturnal when the host is Cnlcx fatigaris, and nocturnal and 
diurnal when the host is Stegomyia pscudo-scutcllaris, which is a day-feedirg 
mosquito. Thorpe's view with regard to the diurnal and nocturnal periodicity 
is that it is caused by the irregular habits of the human hosts, but this lattei 
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theory has not been supported by Fiilleborn’s observations on Samoan 
natives. Low, Grassi, N06, and Fulleborn, have supplied the information as to 
the method by which the Filaria escapes from the mosquito and enters man 
during the act of biting. While, therefore, much has been done to elucidate 
the nature of the lesions due to the worm, researches arc still required with 
regard to the method by which the worms produce the various pathological 
phenomena attributed to them, especially elephantiasis, and the r 61 e of a 
secondary bacterial infection in the production of the lymphangitis, abscesses, 
and elephantiasis. 

The morbid anatomy has been investigated by but few observers, notably 
by Mackenzie, Manson, Low, Young, and Bahr. 

Climatology. — ^The fact that ancient Indian writers were ac- 
quainted with elephantiasis of the leg and scrotum, while Celsiis 
does not apj^ear io have known the disease, and the further fagt, 
mentioned by botli Hillary and Hcndy, that elephantiasis was rare 
in Barbados at the beginning of the eighteenth century, together 
with Hillary’s views that the disease was introduced into that 
island by negro slaves from Africa, awaken suspicions that the 
endemic home of hlariasis is Asia, and that it has si)read from thence 
to Africa, and from Africa to America. If this gradual dissemina- 
tion of hlariasis is correct, it may explain many features of the 
epidemiology which are difhcult at the present time to comprehend. 

Be this as it may, hlariasis is now widely distributed throughout 
the tropics and the subtropics, extending from about 41° N. to 
about 28° S. in the Eastern Hemisphere, and from about 31° N. to 
about 23° S. in the Western Hemisphere. 

In Asia it is known in Arabia, India, Ceylon, Burma, Indo-China, 
the Philippine Islands, Guam, China, and Japan. 

It is known in Australasia, esi>ecially in Qiu'enslaud, and in 
Oceania, especially in Fiji, in vSamoa and the h'riendly Islands, 
but is absent in the vSandwich Islands. It is also known in New 
Guinea. 

In America it occurs in the Southern United States, in Carntral 
America, the West Indies, in Guiana, Venezuela, Brazil, Peru, and 
Columbia. 

In Africa it is common on the West Coast, in South Africa, East 
Africa, Madagascar, Reunion, Mauritius, Morocco, and Egypt and 
Northern Africa. 

In Europe it is said to exist near Barcelona and in Turkey. 

In these countries its distribution is unequal, being in general 
more common along sea-coasts and the banks of large rivers, but 
presenting peculiar circumscribed endemic areas. Thus, Daniels 
points out that in the Shire Highlands hlariasis and elephantiasis 
are only found in immigrants, while along the lower Shire River 
both are common. 

Still more interesting is his observation that at the southern end 
of Lake Nyassa there was only one case of hlariasis met with, and 
none of elephantiasis, while at the northern extremity both were 
frequently seen. 

Low has also studied the distribution in the West Indies. Here, 
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again, this is very unequal, some of the islands — Barbados, for 
example — being heavily infected, while in others, Grenada, the 
infection does not appear to exist. 

The distribution must depend upon the presence or absence of 
mosquitoes capable of disseminating the worm, but this aspect of 
the epidemiology still requires a considerable amount of research; 
further, the distribution of the suitable mosquitoes must depend 
upon many factors concerning wliich w^e arc quite ignorant. When 
these conditions are better understood, the climatology will be 
rendered more explicable. 

Two atmospheric conditions — ^viz., high air-temperature and con- 
siderable atmospheric humidity — have long been known to be 
associated with the prevalence of filariasis and elephantiasis, and 
the reason of this has recently been explained by Fiilleborn’s ex- 
periments on Dirofilaria immitis. This observer found, as the result 
of most careful experiments, that the Dirofilaria developed better in 
mosquitoes if the air-temperature was high, and in that respect 
resembled the malarial parasite; and, further, that at high tempera- 
tures the DirofilaricB are able to leave the proboscis more easily, and 
to penetrate the skin more quickly than at a low temperature. 

Further, the moisture in the air is of importance, as the Dirofilaria 
passes from the proboscis on to the skin, and either makes its 
own way through this into the tissues, or enters the aperture of 
the mosquito’s bite after it has withdrawn its stilettos, and, there- 
fore, has to be for some time in contact with the skin, which, if dry, 
will have a harmful effect upon it, but if moist, will not be injurious 
to it. 

With reference to Fiji, Bahr concludes tliat it is possible that at 
one time or another nearly every Fijian is the subject of filariasis, 
because 27*1 per cent, were found to harl)our Microfilaria) in their 
blood, and adult worms could be found in the lymphatics and other 
tissues, and others (25*4 per rent.) were found to suffer from filarial 
disease when no Microfilaria) could be found in the blood; and, 
lastly, in patients while still under observation the Microfilarice 
have disappeared from the blood. 

etiology. — ^^riie causation of the various pathological phenomena 
mentioned above is F. hancrofti Cobbold, 1877 (p. G33), introduced 
into the body by the bite of a mosquito. 

The known carriers of the worm, as given by Theobald, are Culox 
fatigans Wiedemann, 1828 ; Mansonia miiformis Theobald, iqoi; 
M. pseudotitillans Tlieobald; Pyrciophorns coslaiis Loew, 1866 ; 
Myzomia rossn (liles, 1899 ; Myzorhynclms nigerrimits Giles; M. 
wmw/ws Theobald, 1903 ; ('cilia al hi mana 1821 ; Stego- 

myia p$eudo-sctiicllam Theobald, i()io; while the worm is known to 
be capable of undergoing a part of its development in certain other 
mosquitoes already mentioned in Chapter XXIV. 

The reason of the non-completion of full development in any and 
every mosquito is not known. 

After development in the thoracic muscles of the mosquito the 
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embryo passes into the labium, and when the mosquito bites, it 
works its way through Dutton’s membrane on to the skin, its passage 
being favoured, according to Fulleborn, by high air-temperatures 
and moist conditions of the skin. Arrived on the skin, it may work 
its own way into the body through the skin like an Ancylostoma 
embryo; or it may enter through the aperture of the mosquito-bite 
when the stilettes have been removed, for before this takes place 
it is impossible for it to pass through this aperture, which is com- 
pletely filled by these appendages. 

Its further history and wanderings in the body are quite unknown 
until the adult condition is reached. The adults (males and 
females) are generally found lying together, though tlie females 
appear to be in picponderant numbers in lymphatic vessels, but 
they can also be found in the lymphatic glands; while dead and 
calcified worms have been found not merely in lymphatic glands, 
but also in the testes, epididymis, spermatic cord, and tunica 
vaginalis. Here the female produces the thin MicrofilaricB, which 
pass through the lymphatic glands and thoracic duct into the blood 
stream, in which they are found in large numbers at night, retiring 
in the day-time mostly into the bloodvessels of the lungs. 

When taken into the mosquito’s stomach they escape from their 
enclosing egg-shell, and, entering the thoracic muscles, complete the 
cycle of development. 

It is intorcsting to note that in various parts of the troi)ic s natives believe 
that elephantiasis and other filarial diseases may be transmiltetl through 
sexual intercourse. 

The adults lying in the lymphatic vessels may mechanically cause 
obstruction to the flow of lymph, and thus produce varices, inflam- 
mation of vessels and glands, and if the varicose vessels rupture, 
extravasation of lymph or chyle. 

While this cetiological relationship of the worm to the lymphan- 
gitis and lymphatic abscesses, to the varices in lymphatics and 
lymphatic glands, to hjemato-chyluria and chylous extravasations, 
is admitted by all observers, there are those who doubt this relation- 
ship with regard to elephantiasis. These authors base their objec- 
tions upon the facts that the worm and its larvse may be absent in 
well-developed cases, and that the disease can occur in countries 
in which filariasis is believed not to be present, both of which are 
quite true, but are capable of explanation. There is an undoubted 
general relationship between the number of cases of filariasis and of 
elephantiasis in a district. Where there is no filariasis, elephantiasis 
is either extremely rare or unknown; where there is abundant 
filariasis, there are also many cases of elephantiasis. 

In investigating this point in a locality care must be taken to 
exclude immigrant cases of both filariasis and elephantiasis. Thus, 
Low failed to find cither condition in the inhabitants of the forests 
of British Guiana and in the Wagandas, natives of Uganda, though 
immigrant cases were met with. 
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The adult Filana has been found in the tissues removed by 
operation from a case of elephantiasis of the scrotum; and, further, 
the condition of elephantiasis is produced as a rule by a series of 
attacks of lymphangitis, which in every particular resemble un- 
doubted filarial lymphangitis. 

It is true that a secondary bacterial infection may possibly assist 
the development of the disease, for a diplococcus lias been found by 
Dufogerc, which he calls the ‘ lymphococcus,’ and liis findings have 
been confirmed by Foulcrton. Le Dantec describes a similar 
organism, which he calls the ‘ dermatococciis but the main cause 
of elephantiasis in the tropics is Filaria bancrojii, though it is quite 
possible that, exceptionally, other ceiuses may lead to occlusion of 
lymphatics and the formation of elephantiasis. 

Pathology.— If the parent ^worms live in positions iji which they 
w do not obstruct the flow of the lymph, and if they are not acci- 
dentally injured, no patliological effects will be produced on the 
host; and our observations support Manson's theory that the 
presence of the worms may produce no ill-effect upon the host, 
for we know of a case where for years they have produced no 
symptoms. 

But if the parent -worms obstruct the circulation of the lymph 
mechanically — for example, when three or four come together in 
an important main lymphatic trunk — ^then the retained lymph is 
certain by mechanical pressure to damage the tributary channels. 
Further, if any accidental injury is inflicted upon the female parent- 
worm, this may cause abortion, and as a result the production of 
oval eggs instead of elongated embryos (Fig. 268), and these, as 
will be explained below, are liable to block up the vSmall lymph 
channels ol the skin or of a lymphatic gland. Therefore Low is 
quite correct in his statement that ‘ the Filaria is not entirely 
compatible with health,’ for very slight causes will produce disease. 

In certain districts from 5 to 27 per cent, of the population is 
infected with filariasis, and therefore if there are many mosquitoes 
capable of carrying the worm, there ought to be multiple infection 
of the individual host; and one would also assume that the heavier 
the infection, the greater the liability to obvious disease. Multiple 
infection would be more liable to occur in natives than in Europeans. 
As a matter of fact, heavy infections with the parent-worms have 
not yet been described, though it must be admitted that but few 
post-mortem examinations are on record; and, moreover, as Fiille- 
born has shown, it is at times by no means easy, even with the 
utmost care, to find the adult worms, though they may be found 
even in fair numbers after considerable search in those parts of the 
lymphatic system which appear to be least affected. When the 
case is one of varicose lymphatics, or lymphatic glands with clear 
Ivmph, the obstruction must be looked for below the junction of 
tne lacteals with the receptaculum chyli, but when the fluid is 
milky, it is obvious that the obstruction must be beyond this point. 
The cause of the obstruction may be a coiled-up mass of worms — 
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e.g., Young found six females and one male in such a bundle — and 
they may be discovered behind a valve or in a dilated sinus. A 
single female worm may, however, be found lying in a dilated 
lymphatic, the draining gland being probably blocked by the 
aborted ova. The irritcition caused by the worms may lead to a 
permanent blocking of a main lymph channel, which will persist 
even after the irritating worms have died and disappeared, as has 
been observed by Mackenzie; or, again, the thoracic duct may be 
found dilated in part of its course, but quite patent throughout, 
though associated with enormous varicose glands and vessels and a 
complete absence of worms, which simply means that the parasites 
having caused the lesions have died and disappeared. 

Low and Bahr nave shown that the worms lead to great fibrosis 
in the glands, and that lymphocytes are collected in clusters between 
the strands of this tissue. This fibrosis is associated with an 
excessive number of eosinophile cells in the glandular substance. 

In chylous extravasations the blocking of the thoracic duct leads 
to engorgement of the renal, the lumbar, and the pelvic lymphatic 
channels with lymph, as well as that of engorgement and dilatation 
of the lacteal vessels themselves. 

If the lymphatic vessels of the bladder or other parts of the 
urinary tract rupture as a consequence of this pressure, the result 
will be chyluria, and if, as often happens, some bloodvessels also 
rapture, there will be hcemato-chyluria. Wise states that in chyluria 
the milky opacity is due to a large amount of proteid, and not to 
fat, and this observation has been confirmed by Low, who in one 
case found the lactcals normal, and showed that the milky fluid 
was lymph proceeding from dilated lymphatics in the kidneys, 
ureter, and bladder. If the abdominal lymphatics rupture, there 
will be chylous ascites; if those of the tunica vaginalis, there will 
be chylocele. 

If, on the other hand, the obstruction is posterior to the junction 
of the lacteals with the receptaculum chyli, then ordinary ascites, 
hydrocele, and varicose lymphatics of the scrotum (lymph scrotum), 
of the leg, and varicose groin glands, will result. More rarely the 
lymphatics of the arm may be affected in the same manner. 

The lowered resistance of the tissues engorged with lymph 
renders them specially liable to inflammation, which may at times 
go on to abscess-formation, and which, if often repeated, will end 
in elephantiasis. 

Manson believes that elephantiasis arises by a damage to the 
female worm, causing her to produce immature embryos, which lie 
coiled up in the egg-shell, instead of stretching it considerably. 
Tlic immature egg is 50 /x in length by 34 /x in breadth, while the 
fully-developed Microfilaria is 250 to 300 /x in length by 5 to 8/x 
in breadth; therefore it is not difficult to imagine that a lymphatic, 
along which the slim Microfilaria passes with ease, might be quite 
blocked by the immature egg, and that if sufficient channels in the 
skin or in the lymphatic glands were blocked, lymph stasis would 

lOI 
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occur, and, as a result, the connective tissue would become inflamed 
and hypertrophied, which, together with the excess of lymph, 
would increase the size of the part. Manson bases this theory on 
his observation of eggs escaping from tlie ruptuied vesicles of a 
lymph scrotum. Bahr is of the opinion that tropical elephantiasis 
can best be explained by the blockeige of tlie lymphatic channels 
of the diseased area bv the frequent and long-continued invasion of 
the adult Filcirice. He finds that the Microfilance may not reach 
the blood, but die in the gland or organ in which they arc lying. 
He also finds that the periodical discharge of these MicrofilancB 
may be a factor in the production of lymphangitis, orchitis, and 
funiculitis, and that the parent-worm may die after these inflam- 
matory attacks. 

It is believed that the smootli elephantiasis (elephantiasis glabra), 
in which the skin is smooth, is due to blocking of the channels in 
the groin glands, and rough elephantiasis (elephantiasis verrucosa), 
in which the skin is very nodular, is due to blocking of the small 
skin capillaries, but we are not acquainted with definite proofs of 
this theory. 

The Blood . — The lilood in filariasis does not exhibit anaemia unless 
there is h^emato-chyluria or diarrheea: the number of leucocytes is 
normal, but there may be leiicocytosis during the attacks of fever. 
The eosino])hiles are at times increased. 

Morbid Anatomy.-- Tlu' morbid anal omy naturally varies with the 
variety of the patliological lesion produced. 

In lymphangitis the lymphatic vessels will l)e found enlarged and 
intlamt'd, and abscesses of varying size may at times be found con- 
taining the dead worms, which arc apt to become calcified by the 
deposition of lamellar ])lates of calcium carbonate in the interior 
of the worm. The calcified worms were first described by Wise as 
small yellow bodies, with the shape and structure of Filarice, which 
lie found in the })elvis of the kidney. Bahr stales that at a later 
stage the calcareous deposit may be gradually absorbed until only 
minute yellow spicules are left. The calcified (and also the living) 
worms are surrounded by eosiiiophile cells in large numbers. Bahr 
has found filarial abscesses to be of common occurrence amongst 
the Fijians in tlu‘ substance of the gastrocnemius, the popliteal space, 
the groin, and in the quadriceps extensor in tlie leg, and over the 
internal condyhe in the axilla, in the latissimus dorsi and serratus 
magnus muscles in tlie arm In th('S(‘, abscesses the dead worm was 
found associated with Staphylococcus pyogenes aureus and Strepto- 
coccus pyogenes. 

With regard to tlu* lynq)hatic vessel, Bahr is of the opinion that 
the worm, both during its lifetime as well as after its death, exerts 
an influence on the vessel wall, leading to proliferation of the endo- 
thelium and to an invasion of the vessel wall with fibrous tissue. 
In this manner the lymphatic becomes thickened, but shows also 
numerous cyst-like dilatations in which the dead worms may be found. 

The fugitive swellings found in filariasis have been proved by 
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Voimg composed of dilated lymphatic tissue. Inflammatory 
masses adherent to the skin in various parts of the body have been 
found to contain the adult worm. 

In lymphatic varix or varicose lymphatic glands the obvious 
lesions may , and generally do, form part of a much larger dilatation 
01 the pelvic and lumbar lymph vessels and glands. The vessels 
are found enormously dilated with thickened walls, while the 
glands are riddled with dilated channels. At ftrst the appearance 
ol the gland may not be much altered, and on section it may show 
the appeal ance of a sieve riddled with holes, but in more advanced 
cases all appeal ance of a lymphatic gland disappears, and it is 
tran.'^foimed into a large sac divided by fibrous tissue, septated into 
nil m cr ou s comp a r t m ent s. 

In chylous extravasations the thoracic duct may or may not be 
found impervious, but in any case the lacteals, the lumbar, pelvic, 
pudendal, and crural lymph vessels will be found enormously 
dilated, and the lumbar lympli glands converted into septated sacs. 
1 he site of the ruptured lymphatics is, however, by no means easy 
t o find. 

In elephantiasis the lymphatic vessels will be found dilated and 
thickened, and in early cases a round-celled infiltration may be 
seen in the connective tissue of the part ; but in later cases this has 
led to a hypertrophy of the connective tissues of the skin and the 
fasciie, including those around the muscles, the vessels, and nerves, 
while all the tissues are sodden with retained lymph. The muscles 
of the affected r(‘gions are found to be in a state of fatty degeneration ; 
the bones may be thickened and covered with osteophytes, or more 
rarely atrophied, and still more rarely invaded by caseous abscesses. 

Microscopically the epidermis may be normal, or thickened with 
atropliicd or elongated papilke; the sweat glands and hair follicles 
may or may not be degenerate. 

In cutting into the tissue of a region affected with elephantiasis 
the skin may be noted to be thickened, and below it there will be 
found dense fibrous trabecuke, with the spaces filled with yellow, 
oily, fatty substance, which exudes lymph, while the vessels and 
nerv(‘S will ])e found much increased in size. 


THE CLINICAL DESCRIPTION. 

General Remarks. — The clinical descrijition of the various 
lesions will be arranged under the headings Filarial Fever, Filarial 
Lymphangitis, Orchitis, Lymphangiectasis, Phlebectasis, Varicose 
Lymphatic Glands, Chylous Ettusions, and Elephantiasis of various 

parts of the body — scrotum, leg, etc. and, finally, a few 

remarks will be made with regard to rarer lesions. As regards 
g^eneral If'catment, salvarsan, neosalvarsan and galyl have been recom- 
mended and tartar emetic might be tried, but no good results have so 
far been obtained in our experience. Prevention is to be based on 
antimosquito measures as described in the chapter on malaria, p. 1202. 
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FILARIAL LYMPHANGITIS. 

Synonyms.— Elephantoid fever, Liliwa (Fijian term for a rigor), 

fever and ague (Barbados). • ,, 

Definition. — Filarial lymphangitis is an innarnmation of lymphatic 
vessels in anv part of the body caused by Filuyici huHCYoJti, 

Remarks.— Attacks of lymphangitis, associated with an erysipe- 
latous eruption of the skin, are extremely common in the tropics, 
and arc often of a filarial nature, and by their repeated recurrences 
produce elephantiasis. 

Symniomatology. -The attack often begins with a shivering fit, 
and a rise of temperature to any degree from ioi° to 104'^ F., with 
vomiting and headache. In some cases there is no pain in the 



Fig. 713. — Temperatlire Chart of a Ca.se of Elephantiasis of the Leg 

DURING AN AtTACK OF I'lLARlAL FeVER. 


affected area, but a careful examination, or tlie sensation of pain on 
1 he part of tlie patient, will lead to the discovery of a red oedema- 
tous area of skin, from which the inflamed lymphatic may be noted 
extending towards the nearest lymphatic glands, which may or may 
not be inllamed and painful, llsually the temperature falls quickly 
in a couple of days to normal, and does not rise again, though it 
may be several days before the erysipelatous rash disappears and 
the lymphatics return to normal. 

Complications. — Rarely does this condition go on to abscess, 
which may he caused by a dead filarial worm or a secondary infection. 

Sequelae. ^ — Sometimes, after the acute inflammation has subsided, 
a lymj)hatic can be felt as a hardened cord, which, if excised, will 
be found to contain adult FiJarue. 

Diagnosis. — The only condition which could reasonably be mis- 
taken for This affection is a caterpillar sting, which closely resembles 
it in all details. Tlie history of the case will indicate the correct 
diagnosis. 

Treatment. — The treatment consists of rest in bed, a mild purga- 
tive, and a little phenacetin and caffeine to relieve the headache, 
while some of the old authors advise arsenic or tinctura ferri per- 
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chloridi, n\x.-xx., given three times a day, well diluted. Locally, 
at first lead and opium lotion, and later an ointment, composed of 
ichthyol and lanoline, gives relief. If an abscess forms, it must 
be evacuated and treated on ordinary princi])lcs. 

FILARIAL ORCHITIS AND HYDROCF.LE. , 

Symptomatology.— This complaint begins with pains in the 
testicle, fever, and at times rigor, pains in the back iind lower part 
of the abdomen and groins, and bilious vomiting. The testicle en- 
larges, and is tender and painful, wliile an effusion forms in the tunica 
vaginalis of either lymph or chyle. The lymph thrown out is at' 
first intlammatory, and may coagulate, and is usually absorbed 
after the fever subsides, but may persist and form a filarial hydro- 
cele. The effusion of chyle is, however, more usualiy permanent, 
and forms one of the varieties of chylocele to be mentioned later. 

Treatment. — The treatment consists of rest in b('.d and the applica- 
tion of lead and opium lotion, and cool applications, together with 
fairly vigorous purgation of the bowels. 

FILARIAL LA^MPLIANGIECTASIS. 

Synonyms.--Lymphatic varix, Lymph scrotum. 

Definition. — Filarial lymphangiectasis is the dilataiion of lymph 
vessels brought about by obstruction to the How (d lymph, due to 
the presence of Filaria hancvojii. 

Remarks. — Filai'ial lymphangiectasis can, of course, take place 
in any part of the body, but the most common situations are in the 
scrotum, where it is called ' lymph scrotum,' in the spermatic cord, 
in the leg, and in the arm. 



Fig. 714. — Filarial Lymphangiectasis. 


Symptomatology. — In the scrotum the affection begins with an 
attack of fever, associated with redness, swelling, and pain in that 
region. When the fever has subsided, the whole scrotum is found 
swollen and elastic. It may be smooth or rugose, and on inspection 
the skin shows a number of small clear vesicles, which, if ruptured, 
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discharge either lymph or chyle containing filarial embryos, or, much 
more rarely, eggs. 

If the vesicles are niplurecl, the discharge of lymph may be quite 
considerable in the twenty-four hours, and may produce such 
marked exhaustion in the patient as to necessitate an operation. 

In the spermatic cord the disease begins with, pain and swelling 
in the testicle, cord, and lower part of tlic abdomen, associated at 
times with fever. When tlie acute symptoms have subsided, a 
swelling like a varicocele, wliich disappears in the prone posit ioii 
and reappears when standing erect, will be noticed along the cord, 
but the vessels constituting the swelling will be noted to be softer, 
less tortuous, and more like a series of pouches than a true varicocele. 



Fig. 715.- -I'lGAKIAL 1>YM1 HANCUECTASIS. 


In lymphangitis of the leg there is the same fever, witli swelling 
of the glands, leaving a soft swelling in the groin, which disappears 
on lying down and reappears on standing up, and which has no 
impulse on coughing. 

Treatment. — As the local condition is simply part of a much more 
gcneraliz(Hl varicosity the lymphatic vess(ds, it is best to treat it 
symptomatically with antiseptic dusting-pov^ders, such as boracic 
acid, zinc oxide, and dermatol, etc. 

If, liowever, lymphorrhagia is taking place and tlie patient is 
becoming exhausted, it is necessary to remove some of the diseased 
tissue and to ligate the dilated vessels, but in so doing it is as well 
to warn the patient that this will not cure the disease, and, indeed, 
may be followed by elephantiasis or even chyluria. 

FILARIAL ABSCESSES. 

Manson, Low, Wise, Bahr, and otliers, have called attention to 
the frequency of filarial abscesses in various parts of the body. 
The most important are those found in the thorax and in the retro- 
peritoneal tissues. In the latter situation the symptoms may be 
those of peritonitis. 
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b ' lG . 716. .l^fLARIAL PlILFBRCTASIS SIMUJ.ATlNCi VaKICOSIC LyMPIIATIC 

Glands, and Varicocele: Patient in the Upright Position. 



Fig. 717. — ^Filarial Phlebectasis: Same Patient Lying Down. 
(Photograph taken from above. Note the disappearance of the swellings.) 


FILARIAl. PHLEBECTASIS (Filarial Varix). 

At times persons suffering from filariasis exhibit, as observed by 
us, marked varicose conditions of various veins. Occasionally in 
association with enlarged superficial veins large masses are to be 
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seen in the axilla, groins, and other regions, which on superficial 
examination might be taken for enlarged glands, but on palpation 
it can be ascertained that they are composed of veins, the same 
sensation being obtained as tiiat experienced when palpating a 
varicocele. When these masses occur in the groins they disappear 
when the patient lies down. 

VARICOSE LYMPHATIC GLANDS. 

Synonyms. — Helminthoma elastica, Adenolymphocelcs. 

Definition. — ^Varicose lymphatic glands are glands enlarged, some- 
times to an enormous extent, by dilatation of their lymph paths, 
brought about by obstruction to the flow of lymph. 

Remarks.— The glands most commonly found enlarged in patients 
are the groin glands, less frequently those of tlu‘ axilLe, while even 
the parotid lymphatic gland has been recorded to have been 
affected. In post-mortems, as already noted, the lumbar glands 
may be found .converted into septal; ed sacs. 

Symptomatology.— The glands enlarge after attacks of fever, and 
are usually found as soft, elastic swellings, which are easily movable 
when small, and are covered with normal skin. They are found 
in the groin, inguinal or femoral regions, and in the axilla. If 
punctured with a hypodermic needle, lymph or chyle can be 
obtained at times containing Microfilaricc, Usually small, they 
may assume enormous ])roportions, reaching below the knee, and 
seriously im])eding locomotion. 

Treatment. — 'i'hcy may be removed if necessary, but this should 
not be done without due caus(', as they are only ])art of a more 
wides])read disorder. Radium liuailmeiit has bc^cn advised by 
Sir Havelock Charles, 

FH.ARIAL LYMPH AND CHYLOUS EXTRAVASATIONS. 

Lym])h and chylous extravasations arcj due to the riqflure of 
dilated lym])h or lacteal vessels into the urinary passages, the bowad, 
th«‘ tunica vaginalis, or peritoneum. 

They may, therefore, be considered under the headings of 
Cliyluria and Lymphuria, Chylous and Lymphatic Diarrhaai, 
Ch^docele, and Chylous Ascites. Perhaps further investigations 
will show that Wise and Low are correct, and that in addition to 
haemato-chyluria and other chylous conditions there may also be a 
pure li.'nmato-lymphuria, lymphatic diarrhoea, lymphocele, and 
lymphatic ascites. 

Chyluria and Lymphuria. 

Definition. — Chyluria is the passage of chyle with the urine, and 
is due to the rupture of dilated chyle-containing lymphatic vessels; 
when mixed with blood it is known as Incmato-chyluria. When 
lymph only is passed the term lymphuria, suggested by Low, should 
be adopted, and if mixed with blood, Eemato-lymphuria. 
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Pathology. — ^This has been worked out principally by Mackenzie 
and Manson, and more recently by Low and Wise. The presence 
of chyle in the urine is due to the rupture of dilated chyle-containing 
lymphatic vessels. Owing to some obstruction in the thoracic duct 
with varicosity of lymphatics below the seat of obstruction, the 
lymphatics in the bladder walls become dilated and rupture, and so 
the chyle passes into the bladder. 

Low has demonstrated that lymphyuria takes place when the blockage 
of the lymphatics is below the thoracic duct and reccptaculum chyli. Chemi- 
cally the only difference between lymph and mesenteric lymydi or chyle is 
that the latter contains a much larger amount of fat, which is derived from 
the lactcals of the intestine. According to Dclamcre, the fat conlairatl in 
lymph does not exceed po per mille., while in chyle it may be as much as 
6*5 per mille. 

Symptomatology. — ^The onset of the attack is usually abrupt, 
without marked symptoms, though vague pains may be felt, and 
at times there may be fever, pains in back, perinreum, and thighs. 
Usually, however, tlie patient simply asks advice because he is 
passing milky or bloody urine. 

As a rule the urine clears in the course of time, but it is merely an 
intermission, and llie symptoms will in due course recur, and inter- 
missions and attacks will follow each other for years; on the other 
hand, however, it may be continuous, and not intermittent. The 
duration of the intermissions may be days, months, or years, while 
the attacks may be attributed to exertion or emotion. After con- 
tinuing for some time it may lead to exhaustion, neuralgic pains in 
diCfercnt parts of the body, disordc^red bowels, coated tongue, dry, 
harsli skin, and a state of cachexia. 

If the urine do Is in the bladder, there may be severe pain and 
strangury. The urine generally presents the appearance of milk, 
but mav be pinkish in colour from admixture with blood, and a 
larg(‘ portion may clot into a semitransparent gelatinous mass. It 
is usually passed in fair quantity, and it will be noticed that the 
morning urine is usually very clear, while that at night is much 
more milky or red. On standing, in true chyluria, the fat accumu- 
1 itc'S on the surface, giving rise to a cream-like appearance. Under 
tli(' microscope, as a rule, no fatty globules, however minute, are 
observed, but white corpuscles, especially lymphocytes, and red 
corpuscles, and at timesilfzrroj^/«/7*r^ and crystals of calcium oxalate, 
may be seen. The specific gravity is low, varying from 1015 to 1020. 
The reaction is usually acid. On sheiking the urine with ether, the 
fat can be removed and estimated, when it will be found to vary 
from 0*8 to i*8 per cent. After the removal of the fat, the urine 
can be tested for albumen, which is always present, and which 
usually persists for some time after the fat has disappeared. The 
quantity of albumen varies from 0*6 to 0-9 per cent. Albumoses and 
sugars are absent. 

When the urine docs not contain any distinct amount of fat one 
speaks of lymphuria, and if blood is present hfCmato-lymphuria. The 



i6io 


THE FILA BIASES 


same patient may have at times attacks of chyluria and haemato- 
chyluria, and at other times attacks of lymphuria and haemato- 
lymphuria. 

Treatment. — TJic treatment is purely symptomatic, and consists 
of rest in bed, lying as much as possible in the prone position, while 
in some cases metliylene blue may be given in 2-grain doses, together 
with salol, 5 grains, or urotropine in 5-grain cachets. The diet must 
be bland, non-irritating. Astringcnit injections into the bladder have 
been used, and gallic acid, nitrate of silver, acetate of lead, iodide 
of potassium, and thymol have been administered internally, but 
have not been found to be efficacious. Indeed, there is no justifica- 
tion for their use. Administration of quinine, combined with 
exposure to X rays, has been recommended bv Musgrave and 
McDill. 

If the urine clots in the bladder, it must be washed out under 
chloroform by means of an aspirator, and if this is not successful, 
the bladder may have to be o})ened and drained. 

Chylous and Lymph Diarrhoea. 

Diarrlnea witli chyle or lymph and blood in tlie motions has been 
recorded, but israr('. 


Chylocele or Lymphocele. 

This may develop gradually, the tunica vaginalis filling \\\) witli 
an opaque fluid, which on ta})ping is found to be chylous, and may 
contain MicrojUayi(C. It may, how(^ver, be prc'ceded by an attack 
of fever and orchitis. It is said that t]\e sac is less tense in the 
morning, and morc^ so at night. 

Treatment. “A cliylocide doc^s not grow to any large size, and 
only requires occasional tap])ing. 

Chylous Ascites. 

Ciiylous ascites is rarely met with in human beings, though we 
have seiai two cases. It is common in animals as the result of 
filarial inf(;ction. 

ELEPHANTIASIS. 

Synonyms. Elepliant Leg, Cochin Leg, Barbados Leg, Galle 
Leg, Cilandular i)is(‘ase of Barbados, Elephantiasis Arabum, 
Da-hil, i)au-o()l-Eil, Pes Fel)ricitans, Perical, Phlegmasia Mala- 
barica, h.h'])hantiasis Indica, Buenemia d'ropica. Morbus Elephas, 
Spargosis Fibroarc'olaris, Pachydermia, LLirnia Carnosa, Elephan- 
tiasis Tuberosa et Scrotalis, Hypersarcosis, Mai de Cayenne, vSarco- 
celc d’Egy])te, Roosbeen von Surinam, Shlipada, Kosharriddki, 
Barawa (Sinhalese). 

Definition.— Elephantiasis is a chronic inflammatory hypertrophy 
of the fibrous connective tissue of a region of the body induced by 
lymph stasis, and resulting in a considerable hypertrophy of the 
skin and subcutaneous tissues. 
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Varieties. — ^The most common varieties of elephantiasis arc the 
affection of the leg, scrotum, vulva, arm, and breast, while other 
regions are much more rarely affected. The different varieties 
must now be briefly described. 

Elephantiasis of the Leg. 

Symptomatology. — During attacks of filarial lymphangitis of the 
leg it is noticed that the liml) becomes swollen, and though after the 
first attack it may resume its normal size, this does not happen 
after repeated successive attacks, and gradually tlie limb becomes 



Fig. 718. — Elephantiasis of the Legs. 

more and more swollen, while the natural folds, especially the ankle 
fold, become much exaggerated by the swelling on either side, so 
that deep sulci are formed. The dorsum of the foot becomes 
swollen and puffy, and is separated by the deep ankle sulcus from 
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the swollen lower part of the leg. In these sulci the debris of the 
cast-off epithelium, together with the excretions of the skin, accu- 
mulate and give rise to a foul-smelling discharge, and ulcers may 
form. At first the skin is smooth and soft, forming the smooth 
variety of the complaint, which may persist, or it may become dark, 
hard, thick, and rough, being elevated into boss(^s or warty eleva- 
tions, forming the verrucose variety. The appendages now atrophy 



Fig. 719. — Elephantiasis of the Legs. 

from malnutrition, the liairs may drop off, and the nails become 
rough and thickened, while the skin perspires less and the sen- 
sibility is diminished. Ulcers ma}^ now form on almost any part of 
the foot. The swelling is more commonly met with below the knee, 
but the whole thigh may become implicated. 

If left untreated, the size of the leg gradually increases with 
repeated attacks of fever, and may reach considerable dimensions, 
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After some years the attacks of fever may cease altogether, though 
the condition of the leg usually remains unchanged. In some 
rare cases elephantiasis may develop without the patient ever having 
an attack of fever. 

Treatment. — A radical method of treatment has yet to be found. 
Of the various palliative ones the most satisfactory is perhaps that 
introduced by Casiellani, which consists in keeping the patient at 
complete rest in bed, with thiosinamin or fibrolysin injections and 
methodical bandaging. The details of the treatment are as follows: 
Tile patient is kept in bed and an injection of 2 to 4 c.c. of fibrolysin 
Merk (which consists of thiosinamin and sedicylic acid dissolved 



FiCx. 720. — Elephantiasis of the Leg: Before Treatment. 


in water) is given daily for three to six months, the injections being 
interrupted for a few days from time to time. The injections may 
be made in the affected parts, or deeply into the gluteal region, 
where they cause much less pain. After each injection the whole 
limb is tightly bandaged with flannel bandages, which are kept in 
place day and night. In some cases rubber bandages may be used 
with great advantage, especially in cases of verrucose elephantiasis, 
because they render the skin much smoother. Unfortunately, 
many patients cannot stand rubber bandnging. To increase the 
pressure on the hardest parts pads of inelastic material may^ be 
applied before bandaging, and for this purpose small cylindrical 
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gauze bags filled with ordinary small lead shot are found especially 
useful. In some cases massage of the whole limb before bandaging 
is useful. It is of the utmost importance that the pressure on the 
whole limb should be well distril)utcd, otlicrwise the parts on 
which insufficient pressure has been made will be found to become 
swollen. It is also useful to keep the affected limb continually 
elevated by means of pillows, etc. In cases of vernicose elephan- 
tiasis in which the skin is covered with numerous horny masses, a 
spirit lotion of resorcin and salicylic acid (ac. salicylici, resorcin, 
aagr. xxx. ; sp. rect., siv.) is useful in removing these horny masses. 



Fig. 721. —The Same Case as in Fig. 720: After Treatment by Fibfo- 
LYSiN and Bandaging, and vviTiioirT any Operative Measures. 


In successful cases aftcu' three to six months of this treatment the 
affected parts are of much smaller size, tlie skin is smoother, more 
elastic, and can be junclied into folds. Long elliptical strips of the 
redundant skin and subcutaneous tissue may then be removed, the 
margins of the wound being stitched together. This would not be 
practicable before the medical treatment, as the skin being enor- 
mously thickened and inelastic, the coaptation of the opposed sur- 
faces could not be obtained. 

In our experience this treatment has generally only a slight and 
temporary effect in recent cases when the disease is in the acute 
stage with frequent attacks of filarial fever. On the other hand. 
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the treatment gives much better and more lasting results in old- 
standing cases, especially in those of the verrucose type, charac- 
terized by the enormous new formation of fibrous tissue and absence 
of fever. After treatment the patient should wear puttees or elastic 
stockings, and the rubber bandage should be applied from time to 
time. 

Handley has treated cases by first preparing a vaccine from the diplococcus 
which he found in the blood, and administering this until the blood and 
lymph become sterile, and then performing his operation of ‘ lymphangio- 
plasty,' by silk introduced by means of long 
probes, which are pushed along the subcu- 
taneous tissues, through small incisions, 
until a path is made from the affected region 
to one with a noruial lymph circulation. 

In the cases so far reported there was 
marked im])rovemcnt at first after opera- 
tion, but this did not last long. Madden 
and Ferguson leport unfavourably on lym- 
phangiojilasty as a treatment for elephan- 
tiasis of the legs, as they find the temporary 
improvement not maintained, because the 
reactive changes in the tissues immediately 
around the thread eventually obliterate the 
new vessels. Sistrunk reports favourably on 
tlie Kondoleon Operation, the aim of which 
is to establish by a wide excision of the 
aponeurosis, a communication between the 
superficial and deep lymphatic channels. 

Other methods of treatment consist 
in bandaging, massage, tapping with 
Southey tubes, and even amputation, 
but none of these are satisfactory. 

Elephantiasis of the Scrotum. 

The disease may begin as a lympli 
scrotum, or with recurring erysipela- 
tous attacks, with a red inflammatory 
blush on the skin, and fever. After 
each attack the scrotum is larger than 
it was before, and it goes on growing, 
if left alone, until it may reach the 
weight of 224 pounds, as mentioned 
by Chevers, wliich is probably the 
largest ever described. When well developed it forms a triangular- 
shaped mass liaiigiiig down between the legs, with the base down- 
wards, and the apex upwards towards the pubes. On its anterior 
and upper aspect there is an aperture which leads into a canal, 
formed by the inverted prepuce, at the bottom of which is the glans 
penis. The penis itself is buried in the tumour. The testicles 
are situated at the upper and back part of the tumour, and are usually 
surrounded by hydroceles. 

If large, the base of the tumour is frequently ulcerated. 



Fig. 722. — Elephantiasis of 
THE SCROTCM. 
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♦Treatment. — ^The treatment is removal, which is a very easy 
operation, and very successful, following either Hanson’s or 
Charles’s method. Hanson says that the mortality need not 
exceed 5 per cent. 

The most important feature of the whole operation is to have 
the skin perfectly clean and aseptic, and to carefully choose the 
parts of the skin which are to be used as flaps. 

An elastic tourniquet in a figure of eight is applied round the 
pelvis and tlie neck of the tumour. The skin flaps are now marked 
out and deepened, the vessels being carefully ligatured as they are 
exposed. 

The testicles are then dissected by perpendicular cuts, and the 
penis is set free by dissection, after cutting down the canal already 
mentioned as formed by the prepuce. This is best done with a pair 
of scissors. 

The general mass of elephantoid tissue is now cut away, gradually 
ligaturing the vessels as the cutting process goes on, this preventing 
any of the vessels being passed over. The tournicpiet is now 
loosened, and any bleeding spot secured. 

If there are hydroceles present, these are opened, and the sac 
turned inside out, and after any redundancy has been removed, ii 
is stitched around the testicle in the inverted condition. The flaps 
are now brought together and stitched over the testes, a drain of some 
description being introduced at the lower portion of the wound if 
thisJs considered to be necessary. Skin flaps should, if possible, 
be made for the penis; failing this, the raw area must be covered 
wflh protective, and allowed to granulate. The whole wound must 
now^bc antiscptically dressed, and usually heals without difficulty. 

Sir Havelock Charles Operative Method . — ^After the usual prep- 
aration an incision is made in the median line from near the pubis 
to the preputial mouth deepening it to the dorsum of the penis. 
Enucleation of the organ is performed from the suspensory ligament 
to its free extremity. There the glans is still separated from the 
finger by the lining membrane of the prepuce. The head of the penis 
is pulled up and this cap of mucous membrane is cut through in front 
of the glans, which is easily palpable through it. The organ is now 
free, with its head, covered with a sort of cap, which is next slit 
up, and the parts thoroughly cleaned. Now the mass is pulled to 
the pati(‘nt’s right, exposing the left side of the neck of the tumour. 
Cut from above, near external abdominal ring, curving towards the 
■median line in front of the anus. Deepen this incision gradually 
with finger and scalpel to near the bulb, avoiding hurting it. The 
trunks of the vessels can be seized with pressure-forceps before 
section or after cutting. The same procedure is repeated on the 
right side of the neck of the tumour. The two incisions will meet 
in front of the anus, all the main vessels will be seized and divided, 
and the bulb almost cleared on both sides. 

Then the testicles are enucleated, and after wrapping them, as 
well as the cords, in gauze, they arc placed on the pubis. The 
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flaps are now made, practice determining the amount of covering 
necessary. Place the right testicle under the skin flap on the thigh. 
Repeat the same with the left testicle and draw the flaps to the 
median line. A few temporary stitches to keep them m position, 
whilst a continuous suture run quickly up holds them firmly. 
Lastly flaps are stitched to the body of the penis. 

After the operation careful dressing, well and equally applied, is 
of great practical importance. 

Elephantiasis of the Vulva. 

This arises in the ‘^anie manner as elephantiasis of the scrotum, 
and may affect the labia majora or the clitoris. P is, however, 
very rare. The tumour, according to Manson, may weigh 8 to 
10 pounds, or more. The treatment is removal. 

Elephantiasis of the Breast. 

Elephantiasis of the breast is very rare, but does occur, and the 
enlarged breast may reach to the pubes or the knee. It may affect 
one or both breasts. Tlie treatment is removal. 


Elephantiasis of the Arm. 

This is rare, but may arise in tlie same manner as in the leg. 
One arm or both arms may be affected. Bahr reports that the 
natives of Fiji and probably of other South Pacific Islands are, in 
comparison with natives of other regions, peculiarly liable to this 
form of elephantiasis. 

Elephantiasis of the Scalp. 

Rarely the whole scalp is enormously thickened, and presents 
deep furrows. 

Circumscribed Elephantiasis. 

Large pendulous tumours of filarial origin, one to several, may 
be found. These are commonest in the upper part of the thigh, 
just below the groin. 


RARER AFFECTIONS, 

Lewis has recorded a case of filariasis in which chyle containing 
Microfilarice was discharged from both conjunctivie, while Maitland 
has described cases of acute synovitis of the knee associated with 
filariasis as being of too frequent occurrence to be looked upon as 
merely coincidences. 
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FILARIASIS CAUSED BY OTHER FILARIID^. 

The lesions produced by Dracunculus medinensis (Linnaeus, 1758), 
Loa loa (Guyot, 1778), Onchocerca volvulus (Leuckart, 1893), and 
other filarial worms, are described in Chapters LXXXVIL, p. 1964, 
and LXXXVIIL, p. 1968, while the zoological account of these 
worms can be found in Chapter XXVI., p. 621. It will be remem- 
bered that Filaria immitis Leidy, 1856, found in the dog, does not 
occur in man, the supposed case being wrongly quoted. 
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(CHAPTER LXVIJ 

THE MYIASES AND ALLIED CONDITIONS 

The Myiases: Rhinal; Aural; Ocular; Urinary; Vaginal; Oro-gaslro-inlestinal ; 

Dermal — Allied conditions — Relerences. 

THfi MYIASES. 

Definition. — The myiases are the invasions ofj any part of the 
body of man or animals by dipterous larvae. 

Nomenclature. — In 1815 Kirby and Spence suggested the name ‘ schole* 
chiasis ' for the infestations of man and animals by insects and their larvte. 
In 1840 Hope proposed a series of terms applying to various groups of insects, 
some of which have come into general use, and all of which are employed in 
this chapter. Thus he names the invasion of dipterous larva? ‘ myiasis,' 
while that due to the larva? of lepidoptera he calls ‘scolechiasis,' and that 
brought about by beetles ‘ canthariasis.' In the present chapter we utilize all 
these old terms and keep the names ‘tliplopodiasis ' and ‘ chilopodiasis,' which 
we have already used in previous editions, while wc increase the number 
by turning one of Hope’s terms into ‘ dermapteriasis.' Some of these old 
terms may not appear very suitable, but they arc the first to be suggested. 

Historical. — ^The history of the myiases may be divided into 
' ancient knowledge ' and ' modern knowledge/ 

Ancient Knowledge. — ^As the disease is much more frequently 
found in animals than in man, it is not surprising to find that it was 
first recorded in them. According to Sambon,it was well known in 
animals to the Babylonians, and to the Ancient Egyptians, Greeks, 
and Romans. According to the same authority, it was recognized 
in man even in the Middle Ages. In the tenth century there appeared 
a book entitled ' The Leech Book ' of Bald, or Mcdicinale Anglicum, 
which described the ' ana-worm ' as growing in man and eating 
through to the outside and shedding itself out of the hole so made. 
Sambon says this may well have been the larva of Hypoderma bovis. 
In the eleventh and twelfth centuries the Arabian physicians mention 
a malady called ' bovine disease, ' which may have been an infestation 
with the larva of the same fly. In the sixteenth century Ambrose 
Par6 gave an account of several infestations by larvae, and illus- 
trated the paragraphs with fanciful drawings of maggots. 

In 1589 Father Pedro Simon wrote an account of the occurrence 
of the fly which we now call Dermatobia hominis, as seen along the 
banks of the Rio Magdalena and in the low plains to the east of the 
Andes. This appears to be the first reference to the subject as seen 
in the tropics. u - 

These observations were extended in 1653 t)y Father Bernabe 
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Cobo, who states that in each wound caused by the common mosquito 
there grows a spine-covered worm the size of a haricot bean or larger. 
About this time Fernelius described some form of nasal infesta- 
tion — ^perhaps a myiasis — as occurring in soldiers. 

In 1687 Leuwenhoek, in Europe, mentions two cases, one of 
dermal myiasis in the leg of a woman who made a good recovery, 
and another in the mouth of a second woman, who died. The larvae 
are thought by Hope to belong to the Muscidae. 

Modern Knowledge. — With the appearance of the work of Antonio 
Vallisneri in the early years of the eighteenth century, a much 
better conception of these infestations of animals and man became 
possible, and from this time onwards the knowledge of the subject 
increased and improved. In 1745 there appeared a work entitled 
' Relation abregee d'un voyage fait dans Tinterieur dc TAmerique 
Meridionale,' by De la Condamiiit, where, on p. 170, he mentions 
the ' ver macaque ' — i.e., the larva of Dermaiohia hominis (Linnaeus 
junior), and says that it takes its birth in the wounds made by a 
kind of mosquito, but from whence its egg comes is unknown. This 
observation has since been fully confirmed by recent research. In 
1757 Arture drew attention to the occurrence of Dermatohia 
hominis in Cayenne, and in 1781 Linnaeus junioridid the same as 
regards Peru in a letter addressed to Pallas, in whicli he gave the 
fly its present name. Gmelin subsequently published this letter. 

Somewhere about tliis time Turner described two cases of urinary 
myiasis in England. 

In 1770 Wohltart published an account of rliinal myiasis in his 
work entitled ‘ De Vormibus per nares excretis.' 

In 1809 Azara gave a history of his journey in 1781-1801 into 
Paraguay, and wrote an account of a rhinal myiasis, most probably 
due to t lie larvre of the fly wc now call Chrysomyia macellaria. 

About tile same time Lempriere described the same condition 
in Jamaica, where it caused the death of a woman, and Sells gave 
an account of probably the same larva causing infestations of the 
eyes, ears, nose, and mouth in the same islands. Some of Sells’s 
cas(*s ended in recovery and others in death. Also about the same 
time (1806) comes the case of the soldier believed to be infested with 
(Eslros homims Curtis in the skin near the .scapula in Surinam. 

In 1817 Schock studied g astro-intestinal myiasis. 

In 1830 a sailor in Demerara is noted to be suffering from myiasis 
in the arm. This was thought to be caused by a species of QEstnis. 

In 1832 Howship recorded (Estrus hominis in the scrotum of a 
carpenter in Colombia; in 1835 Guyon mentioned a dermal myiasis 
in a negro in Martinique; in 1837 Hope described Dermatohia 
hominis in the head of a man, and called it (Estrus guildingii, after 
L. Guilding of Trinidad, who found the case. 

In 1840 there appeared the classical and much neglected work 
on the whole subject by Hope, in which not merely are the older 
accounts gathered together, but also clear definitions of the various 
conditions are provided. 
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From this time onwards the observations on myiasis increase in 
number— Duncan in 1854, while in 1856 Lahory described 
' peenash/ an East Indian name for an infection due to the larvae of 
sarcophaga, while in 1879 Portschinsky again drew attention to 
gastro-intestinal myiasis. From 1890 to 4:896 there appeared a 
series of classical works by R. Blanchard on myiasis in general 
From 1895 to the present time Austen has contributed many 
valuable articles dealing with these infestations. In 1903 Ward gave 
an excellent and well-illustrated account of the larva of Dermatohia 
Kayser in 1905 of ocular myiasis, Hennebergin 1903 and 
Vesescuin 19060! aural myiasis, the Sergents in 1907 of thim ni, and 
in 1908 Austen and Smith gave accounts of infestation with Conly- 
lobia anthropopha^a. In 1913 Rodhain, Pons, and others, studied 
the method of infection by this maggot. Finally, in 1915, Sambon 
gave an interesting account of Dermatohia hominis and its larva. 

The above history is sufficient to indicate the larg^^' amount of 
scattered literature in existence dealing with the subject of myiasis 
in one or more of its phases, and of which Peiper's book, published 
in 1900, gives a summary. 

/Etiology.— At the present moment too little is known as to the 
charcicters of the larvae of the diptera to permit their recogni- 
tion, unless belonging to a well-known species, and it is obviously 
incorrect to assume that larvae are those of a given fly. It is there- 
fore necessary for the medical observer to: — 

1. Preserve specimens of the larvaj, as little damaged as 

possible, in 4 per cent, formalin, and held in position in 
the tube by means of fine tissue-paper. 

2. Rear the larvae or pupae and so obtain the imago, which 

should be fed for a day or so before being killed, and 
should then be carefully mounted and preserved. Mr. 
Austen has asked that some of the larvae should be placed 
at once on the top of a pot of fairly dry earth, which is 
then covered witli muslin. After the flies have appeared 
they should be allowed to remain undisturbed for about 
twenty-four hours in order that they may dry themselves, 
and in order that they may develop their specifle colours, 
after which they may be killed with chloroform, screwed 
up in cigarette-paper, packed in small metal boxes, and 
forwarded to England for identification. 

3. Label all the specimens, especially noting the part of the body 

infected, the locality of infection, and the time of the year. 

4. Send the complete collection to the British Museum, Natural 

History Section, Cromwell Road, London, S.W. 

If this is done systematically it will be possible to obtain a corre^ t 
diagnosis as to the fly causing the myiasis. 

The lists of flies known to cause the various forms of myiasis will 
be given under the different diseases, but it may be noted that the 
principal families concerned are: — 
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1. MuscidcB (Subfamily: Muscinae). — Genera: Musca, Calliphora, 
Chrysomyia, Cordylobia, and Lucilia, 

2. SarcophagidcB. — Genera :Sarcophaga,Sarcophila,andCynomyia. 

3. AnthomyidcB. — Genus: Fannia. 

4. (Estridcd. — Genera: Hypoderma,Gastrophilus, Oestrus (Cephalo- 
myia), Q^stromyia, Spilogaster. For zoological details on flies see 
Chapter XXXIII., p. 814. 

Less important families are: — Tachinidce, Micrcpezidce, SyrphtdcB , 
PhoridcB, TherevidcB, Sepsidm, and DrosophUidce. 

The larvae appear to be attracted by faecal or urinary substances, 
and also by any purulent or putrefactive discharges. 

Pathology. — The changes produced in the body by these larvae 
appear to depend upon the question of food. In such positions as 
the alimentary tract they appear to do little harm, probably because 
there is plenty of food available without hurting the tissues of the 
host; on the other hand, in the nose, ear, and eye they may cause 
much destruction of tissue, firstly by eating into the tissues, secondly 
by the microbic infections which follow in their track, and in this 
way they may cause the death of the host. 

Symptomatology. — As may be expected from the last paragraph, 
the symptoms of the victim may vary from nil, local signs of destruc- 
tion of tissue, with inflammation and pus formation, to signs of 
general septicaemia. 

Diagnosis.— This is usually easy, and depends upon the discovery 
of the larvcT, which, indeed, arc usually sufficiently obvious to the 
patient and pract itioner alike. 

Treatment, — ^When the larvcx* live in passages such as the nose or 
ear it is usual to expel them by douches of chloroform water; when 
in the alimentary canal, by anthelmintic treatment: when in the 
skin, by the knife and forceps, or simply by the latter. The asso- 
ciated inflammation as well as the conditions causing the original 
stinking discharge which attracted the flies require treatment, other- 
wise the patient will again be in danger of infection. 

Prophylaxis. — Any person suffering from a purulent or odoriferous 
discharge in any part of the body should be especially careful to 
avoid myiasis by sleeping under mosquito curtains until this disease is 
cured. Other people should be careful not to sleep in the open with- 
out some protection, especially in the daytime, and in certain cases — 
as, for example, Dermaiohia cyaniventris — to use mosquito curtains. 

Varieties. — ^"fhe various forms of myiasis may be classified as 
follows:^ — 

A. Jntevnal or Cavity Mviases * — 

T'' I. Rhinal myiasis. 

TI. Aural myiasis. 

TIT. Ocular myiasis. 

IV. Urinary myiasis. 

V. Vaginal myiasis. 

VI. Gastro-intestinal myiasis. 
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B. External or Dermal Myiases : — 

VII. Traumatic dermal myiasis. 

VIII. Subcutaneous myiasis. 

With regard to the ocular myiases, they may be a true cavity 
myiases if the larva lives in the lachrymal sac, but they may resemble 
a cutaneous myiasis if the larva penetrates into the tissues under the 
conjunctiva, when, indeed, it may destroy the eye. 


THE INTERNAL OR CAVITY MYIASES. 

RHINAL MYIASIS. 

For purposes cf description this may be divided into the American 
rhinal myiasis, the African rliinal myiases, the Asian rhinal 
myiases, and the European nasal myiases. 

American Rhinal Myiasis. 

Bicheiro. 

Definition. — ^Bicheiro is a rhinal myiasis found in Tropical 
America, and caused by the larvae of Chrysomyia macellaria (Fabri- 
cius, 1794) and allied species. 

Climatology. — The causal fly extends really from Canada to Pata- 
gonia, but is so much more common in the tropical regions as to 
justify the definition. In Canada it is diminished in numbers by 
the cold of the winters. In the Soiithern United States it is met with 
principally in the months of July to October. 

^Etiology. — Chrysomyia macellaria (p. ^47) usually deposits its 
eggs in some wound in cattle — e.g,, in the wounds after castration, 
spaying, branding, dehorning, in barbed-wire wounds, and where 
ticks have been burst or in the vulva, especially if there is a retained 
placenta, or in the navel or mouth of young calves. More rarely 
they lay eggs in the wounds of horses and mules produced by 
barbed wire, in the sheaths of horses, the vaginae of mares, and 
the navels of colts. Hogs are also liable to be infested, but sheep 
are rarely attacked unless they have been worried by dogs. 

In place of these more natural hosts the fly may at times attack 
man, probably being attracted by the odour of what to the human 
being is an offensive breath, or by an ozsena, or even a chronic 
catarrh. The fly then passes into one nostril, and if it is expelled 
dashes into the other nostril, and quickly deposits its eggs, sometimes 
in large numbers. 

In Trinidad, Lawrence reports that the disease may be caused 
by Chrysomyia viridula Robineau-Desvoidy. 

Pathology. — ^The eggs deposited in the manner just described 
become larvae in the course of a couple of days. The larvae proceed 
to feed upon the tissues of the nose and to burrow deeply into this 
mucous membrane, down to and even through the bone. The 
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feeding excites a violent reaction on the part of the body, which can 
be exemplified by the fever, the discharge, the pains, etc. 

Morbid Anatomy. — ^The morbid anatomy includes the destruction 
of the nose, pharynx, hard and soft palates, larynx, etc. Fistulous 
channels may be seen packed with larvae and extending in all 
directions. 

Symptomatology. — Some couple of days after a person suffering 
from a chronic catarrh, foul breath, or ozaena, has slept in the open, 
or has been attacked by a fly when riding or driving — i.e., when the 
hands are engaged— signs of a severe catarrh appear, accompanied 
with inordinate sneezing and severe pain over the root of the nose 
or the frontal bone. Quickly the nose becomes swollen, and later 
the face also may swell, while examination of the nose may show the 
presence of the larvae. Left untreated, the patient rapidly becomes 
worse, and pus and blood are discharged from the nose, from 
which an offensive odour issues. Cough appears as well as fever, 
and often some delirium. If the patient lives long enough, the 
septum of the nose may fall in, the soft and hard palates may be 



Fig . 72 3 . — Chrysoniyia maccllaria : Larva . (After Blanchard .) 


})ierced, the wall of the jfliarynx may be eaten away, exposing the 
vertebrae, and even the hyoid bone may be destroyed. By this 
time, however, the course of the disease will have become quite 
evident l)y the larvae dropj)ing out of the nose, and if the patient 
continues to live all the larvre may come away naturally. 

Diagnosis.— Any case with the history of a fly having darted 
into the nose should be assumed to be a case of nasal myiasis until 
])roved by careful nasal examination not to be so. The onset of 
peculiar sensations at the root of the nose and along the orbital 
processes, together with the signs of an aggravated nasal catarrh 
occurring in the endemic region especially in the months of July to 
October, when the fly abounds in the Southern United "States, 
makes the diagnosis probable, andthisbecomesa certainty on finding 
a larva by examination or douching. The onset of the severe 
symptoms will clear the diagnosis if not evident at an earlier stage. 

Prognosis. — The prognosis is always serious, as it is difficult to 
be sure that all the larvae have been removed. 

Treatment. — ^Ihe best treatment is to douche out the nose with 
chloroform water or a solution of chloroform in sweet milk (10 to 
20 per cent.), and to follow this with douches of mild antiseptics. 
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Calomel may be insufflated after douching. It maybe necessary to 
open the frontal or other sinuses, and to irrigate the passages. 

Prophylaxis. — ^The prophylaxis consists in the avoidance of 
sleeping in the open air except under a mosquito curtain, and in the 
prompt treatment of an^^ case in which a fly has been known to enter 
the nose. 

The African Rhinal Myiasis. 

Thim’ni. 

Synonym.— Tamne (Ahaggar Mountains). 

Definition. — ^lliim’niis a facial myiasis — that is to say, an ocular, 
rhinal, and oral myiasis — found in certain parts of Algeria and the 
Ahaggar Mountains of Central Sahara, where the human population 
is relatively great and the numbers of sheep relatively small. It is 
caused by the larvae of (Estrus [Cephalomyia] ovis Linnams, 1761. 

Historical. — In 1881 Kirschmann in Russia reported a case of 
myiasis due to Estrus ovis, but was disbelieved. In 1907 the 
Sergentsdrew attention to the disease thim'ni, and in 1913 to tamne. 

Climatology. — It occurs in Algeria, but not everywhere, being 
confined to certain mountainous regions where the ovine population 
i s relatively little numerous as compared with the human populat ion, 
and the fly is compelled to find new abodes for its larvae. These 
regions are, La Grande Kabylie, La Petite Kabylie, and Le Dahra 
Oriental. It also occurs in the Ahaggar Mountains of the Central 
Sahara. 

iEtiology. — Estrus ovis (pp. 826, 827) should lay its eggs in the 
nasal cavities of sheep, and is only driven by force of circumstances 
to occasionally attack man. It onlyinfests the shepherds and their 
dogs, being, it is thought, attracted by the cheese which both cat. 
It appears in the hottest part of the day in the warm weather, and, 
flying swiftly, deposits its egg, while still on the wing, into the 
nose, on to the conjunctiva or lips. The larva enters these cavities 
and causes much pain and inflammation. 

Symptomatology. — In the nose it causes severe pain and inflam- 
matory swelling of the whole organ. Frontal headache is intense, 
sleep is impossible, while a serous discharge runs away from the 
nose. In the eye vision is impossible, the eyelids and conjunctiva* 
swell, and little worms are seen on their surface. In the mouth 
there is much inflammation of the throat, which renders swallowing 
a difficult proceeding. 

The duration is from three to ten days, being longest in the nose. 

Prognosis. — ^^fhis is quite good, as all cases recover. 

Treatment. — ^^fhe essential treatment is tobacco, as smoke or as 
injections or washes, but in the eye gentle removal is all that is 
required. 

Other African Rhinal Myiases. 

In addition to thim’ni, rhinal myiasis in Africa is known to be 
due to : — Lucilia hominivorax {vide Bouchet at Barika in 1895); 
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Sarcophaga nura Rudolphi, by Mouchet at Katanga; Pycnosoma 
putorum Wiedemann, 1830. in Abyssinia, Belgian Congo, and 
Lorenzo Marques. The condition has been reproduced experi- 
mentally in animals by Wellman, in 1906, with S. regularis Wiede- 
mann in a goat. 

Asian Rhinal Myiases. 

Peenash. 

Definition. — Peenash is a word which may be used for the Indian 
rhinal myiases caused by the larvae of species oi Pycnosoma Braucr 
and von Bergenstamm, and by larvae of species of Sarcophaga 
Meigen, especially by those of Sarcophaga carnaria Linnaeus, 
t758- 

Climatology. — The disease is spread thioughout India and Assam. 

Symptomatology.— As far as is known, the symptoms resemble 
those produced by other forms of rhinal myiasis. 

Treatment.— This is the same as for other forms {vide supra ) . 

European Rhinal Myiases. 

These are known to be caused hy Piophila casei and by species of 
Sarcophaga Meigen, 1826, while Calliphora limea is also said to be 
causal. 


AURAL MYIASIS. 

Definition. — AuraJ myiasis is the invasion of the external auditory 
meatus, the middle ear, and associated cavities, by the larvae of 
certain dipterous flies, especially those of the Muscidse and Sarco- 
phagidae. 

Historical. — Aural myiases have been recorded by Taschenberg 
in 1870, Blake in 1872, Johnson in 1892, and Austen in 1912, but 
the most complete stud}’' is that by Francaviglia in 1914. 

etiology. — The following larvae have been noted as causal 
agents: — 

Muscidev (Subfamily: Miiscinae) : — 

Musca domestica Linnaeus. 

Musca vomitoria Linnaeus, 1758. 

Calliphora erythrocephala Meigen. 

Chrysomyia macellaria Fabricius, 1794. 

Lucilia ccesar Linnaeus. 

Lucilia nohilis Meigen. 

Sarcophagidee : — 

Sarcophaga carnaria 1758; synonym, 5 . carnosa 

L., 1758. 

Sarcophaga magnifica Schiner, 1862; synonyms, S. wohlfarti 
Portschinsky, 1875, S. ruralis Meigen, S. meigeni 
Portschinsky, 
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AnthomyidcB : — 

Fannia scalaris Meigen. 

Fannia canicularis Linnaeus. 

Fannia incisurata Zett. 

Hydrotcea meteor ica Linnaeus. 

Syrphidcs ^ : — 

Syrphus, sp.^? 

GisfridcB : — 

(Estrus ovis LinucTus, 1761. 

Symptomatology.- — If lodged in the external auditory meatus, 
they may simply cause deafness and ringing in the ears, but if 
eating into the middle ear tluy ^?ive rise to a discharge of blood 
and pus. 

Treatment. — It is usual to drop into the car warm olive or carbolic 
oil, and then to syringe out the larvae b}^ means of boric lotion. If 
the larvae are outside the tympanum, inject a few drops of chloroform 
dissolved in water. 

Prophylaxis. — Some protection such as wool is necessary when 
suffering from an aural discharge. 

OCULAR MYIASIS. 

Definition. — Ocular myiasis is the invasion of the spaces under 
the eyelids, the lachrymal sac, the subconjunctival tissue, or the 
eyeball itself, by dipterous larvae usually belonging to the families 
Sarcophagidae or Qiistridae. 

Historical, — In i()05 Kayser studied this form of myiasis and 
Portschinsky in 1913 reported some cases. Malgahaes has investi- 
gated this disease in Brazil. In 1913 Griinberg found a larva 
of a species of hypoderma in the anterior chamber of the eye 
of a girl. 

.ffitiology. — The larvae so far recognized as causing this form of 
myiasis are : — 

SarcophagidiV : — 

Wohlfartia magnifica (Schiner, 1862). 

Necrobia, sp. ? 

(Estridee : — 

(Estrus ovis Linnaeus, 1761. 

Dermatobia cyaniventris Macquart, 1843. 

Hypoderma, sp. ? 

Symptomatology. — This varies from the discovery of a larva lying 
like a foreign body under the eyelid, to infection of the lachrymal 
sacs or the tissue under the palpebral or ocular conjunctiva, to the 
total destruction of the eyeball. 

Treatment. — This consists of the prompt removal of the larva by 
surgical means. 
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Prophylaxis. — The prophylaxis consists of prompt treatment of 
conjunctivitis and the protection of the head when sleeping out 
of doors. Natives wrap themselves up completely when sleeping 
out of doors. 

URINARY MYIASIS, 

Definition. — Urinary myiasis is the invasion of the urinary passages, 
particularly the urethra and bladder, by dipterous larvae, especially 
those of the Anthomyidae. 

Historical. — This form of myiasis is rare, but has been recorded 
by Ambrose Pare in 1582 and by Turner in the seventeenth century, 
when he recorded two cases, wliile in 1909 Rene Chervel analyzed 
all cases reported up to that date, and concluded that, of twenty 
reported cases, six were genuine, ten were probable, and four were 
doubtful. He also added one of his own observation. King, in 
1914, reported an American case. Palmer and Austen have recorded 
a case in England. Plagen has also drawn attention to a case in 
Boston. 

.etiology. — It is thought that the flies deposit the eggs near the 
meatus urinarius, and that the newly~born larva? pass up into the 
urethra. vSleeping in the open is generally accused as the mediod 
of infection, but paralyzed persons become infected, especially 
those with urinary troubles. The larvae which so far have been 
recognized are those of Fannia canicularis Linnaeus, 1761, and 
Fannia scalarisFdhnQm^^ (p. 852). 

Symptomatology. — Generally the larvae are discovered accidentally 
when passing urine, when they may cause some slight obstruction. 

Treatment.^ — This apparently is unnecessary, as the larva? come 
away without causing harm. 

VAGINAL MYIASIS. 

Definition.- -Vaginal myiasis is the invasion of the vagina by the 
larVcT of dipterous insects, especially those of the Muscida?. 

Historical.— This form of myiasis appears to be rare, but Cipriani, 
in 1902, came across a case which had a recto-vaginal fistula, and 
Castellani saw two cases in Ceylon, but the larva? were not identified, 
except Sarcophaga carnaria Linmeus, 1758. In 1912 Pieter re- 
ported the presence of Chrysomyia macellaria Fabricius, 1794, in 
the vagina of a beggar-woman, and Low has seen a similar case in 
the West Indies. 

Symptomatology. — ^'I'here is a thick purulent discharge containing 
the larvtT, and some ulcerations deep in the walls of the vagina. 

Treatment.- Vaginal douches with an antiseptic are recommended. 

Prophylaxis.— Recto-vaginal fistula? should be operated upon. 

ORO-GASTRO-INTESTINAL MYIASIS. 

Definition. — Intestinal myiasis is the invasion of the intestine by 
the larv^ of certain species of flies, but especially by those belonging 
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to the genera Sarcophaga (p. 830), Fannia (p. 852), and AphiocluBia 
(P. 824). 

History. — ^Many stray cases of myiasis — Jenyns (1839) — -have 
been reported from time to time, but these have been gathered 
together by Portschinsky in 1879 in the twelfth volume of the Horn 
Societis EntomologiccB Russicm, by Huber in 1899 in Bihlio graphic 
der Klinischm Entomologie, Heft 3 (Diptera), and by Calandruccio 
in the same year in the Archives de Parasitologic ; by Pfeiffer in 1900 
in his work Fliegenlarvcc als gelegentliche Par asiten des Menschen ; in 
1901 by Thebault in the Archives de Parasitologic ; also by Wellman, 
and by Austen in an excellent paper read before the Society of 
Tropical Medicine and Hygiene of London in March, 1910. Cases are 
also referred to oy Splendore [Arch, dc Parasitologie, 1910), by 
Garrod, and by Soltau in the Journal of Parasitology , 1910. We 
have seen several cases in Ceylon and in the Balkans. Cases have 
been reported in England by Stephens (1905), Hewitt (1909), 
Cattle (1906), Garrod (1909), Soltau (1910), and Austen (1912). 

etiology. — -Intestinal myiasis may be produced by the larvae of 
the following species: — 

SARCOPIlAGlDai : — 

Saroophciga carnaria Linnanis, 1758. 

kcBmorvhoidalis Fallen , 1 8 1 (.) . 
haonatodcs Josej)!!. 
ajfinis. 

yyiagnifica Schiner, i8()2. 

■loohlfarli Forlschinky, 1875. 
lalijFous Meigen. 
ruralis Fallen. 
mcigeni Schiner. 

Cynomyia niortiwrum Linnanis, i7(>r. 

ANTHOMYIOaL : — 

Fannia canicularis Linnanes, 1761. 

,, incisuraia Lett. 

,, manic uta ]\leig(‘n. 

,, saltatrix. 

,, desjardensii. 

Jlydrotcpa mctcorica Linna'us. 

MuscidvE: — ■ 

Musca doyncstica Linnajus. 

,, corvina Fabriciiis. 

,, nigra. 

Cyrtoncuva stabulans Mcicquart. 

Pollcnia rndis l^'abricius. 

Callipliora vomitoria Linnaeus, 1758. 

,, erythroccphala Meigen. 

,, azurca. 

Lucilia ccesar Linnaeus. 

,, regina Macy. 

Chrysomyia polita Linnaeus, 

Tcichomyza fusca Macquart (?). 

Tachiniujb:— 

Tachina larvarum Meigen, 

Micropezid.® : — 

Calohata cibaria Meigen. 
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SYRPHIDiE: 

Enstalis tenax Fabricius. 

,, arbustorum Fabricius. 

,, dimidiatus. 

Helophilus pendulinus Meigeu. 

PHOKIDJE : — 

Aphiochcsta ferruginea Brunner. 

Phora rufipes Meigen; synonym, P. palhpes Latreillc. 

Therevid^: — 

Thereva nohilitata. 

Sepsid.®: — 

PiophilcL casei Linnaeus. 

Drosophilid.® : — 

Drosophila fun ehris Meigen. 

,, melanogastra Brunner. 

(Estrid^: — 

Spilogaster divisa Meigen. 

Gastvophilus pecorum. 

Sometimes more than one species may be found in the same case. 

Rarer forms of myiasis are those by larvae of the Tipulidae, by 
eggs and larvae of the Culicidae, and by the bots of Gastrophilus equi. 

The eggs or larvie of the above-mentioned flies enter the ali- 
mentary canal with the food, especially with vegetable food in an 
uncooked or partially cooked condition. Another method is for 
the fly to deposit its eggs on the nostrils and lips of children, from 
which they pass into the stomach and intestines, and a third method 
is entry of the larvae into the rectum while using a privy. Intes- 
tinal myiasis is not uncommon in cattle, both in the Temperate 
Zone and in the tropics. There seems to be no doubt that the 
larvae can live for a considerable time in the intestine, but the most 
marked example of this is AphioclicBta fermginea Brun, which is 
believed to be capable of passing through its entire life-cycle in 
the human colon, because both newly hatched and fully grown 
larvae were passed by a patient every two months for nearly a year, 
notwithstanding the fact that nothing was said to be eaten which 
could have contained either eggs or larvae. It is stated that species 
of the Phoridae have been found in corpses, and it has been stated 
that the living larvae, pupae, and imagines of species of Conicera 
were found in numbers in a corpse exhumed at La Fayette, Indiana, 
U.S.A., two years after burial. 

If there is any truth in this statement, it proves that the life-cycle 
of these flies can be completed in a parasitic state, and would 
explain the possibility of a patient suffering from myiasis for 
twelve years, and during treatment passing 1,000 to 1,500 larvse. 
Fenwick also reports cases in which it seemed probable that the 
whole life-cycle was completed in man. It is obvious that these 
statements require careful confirmation by other similar cases 
before they can be accepted without reservation. 

Pathology. — The larvae usually cause gastro-intestinal symptoms. 
Those of the Muscidae may cause little or no disturbance, but those 
of the (Estridae and Tipulidae cause much disturbance. 
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Morbid Anatomy. — We are not acquainted with the details of 
any post-mortem examination in man, but in dogs the mucosa of 
the intestine is congested and marked by numerous small haemor- 
rhages, and it is thought that bacteria may enter the blood through 
these wounds. 

Symptomatology. — After an incubation period varying from four 
to twelve days after the ingestion of the eggs, the patient, who has 
either felt quite well or has suffered from vague abdominal pains 
and anorexia, begins to feel ill with general malaise, headache, thirst, 
and faintness, and in children with rigors, convulsions, and even 
delirium. Vertigo may be felt, and generally there is some fever, 
which may last two to ten days or longer. Sometimes the continued 
fever and the diarrhoea renders the diagnosis of enteric fever prob- 
able. Pains vary from vague sensations to violent colic. Retch- 
ing and vomiting may occur, and sometimes haemat emesis, while 
dysenteric-like symptoms may also occur. When the larvae attain 
maturity, they are sometimes violently evacuated. 

Diagnosis. — The diagnosis can only be made by i Cpeated examina- 
tion of the motions and the discovery of the larva, the nature of 
which may be determined in the same way as in nasal myiasis 
(p. 1621). Care must be taken that the larvae really come from the 
bowels, and are not contaminations of the faices. 

Prognosis. — This is good. 

Treatment. — The bowels should be cleared with a dose of castor 
oil and then an anthelmintic — e.g., Filix mas — should be adminis- 
tered. Thymol or santonin may also be used. 

Prophylaxis. — All vegetables should be carefully washed and by 
preference cooked before being eaten, and fresh salads should be 
avoided. 

Ovssnya. 

This word means maggots, and is applied, according to Wellman, 
by the natives in Angola to an alimentary canal myiasis associated 
with dysenteric symptoms and caused by Fannia des'jardensii 
Macqu . It is easily treated by castor oil. 

Muculo. 

This is the African myiasis, concerning which the editors of the 
Journal of Tropical Medicine and Hygiene asked for information 
in 1907, but which so far has not been traced. 

THE EXTERNAL OR DERMAL MYIASES. 

These are the infections of the skin, whether wounded or not by 
dipterous larvae. There are two varieties of this type — viz,, trau- 
matic dermal myiasis and subcutaneous myiasis. 
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Traumatic Dermal Myiasis. 

Definition —Traumatic dermal myiasis is the invasion of wounds 
or ulcers of the skin by the larvse of dipterous insects, principally 
belonging to the Muscidai and Sarcophagidae. 

Historical. — One of the earliest publications with references to 
this is Joseph in his ' Myiasis Externa Dermatosa,' published in 
Hamburg in 1800, but a large number of observations have been 
published since then. 

^Etiology. — The larvae which have been recognized so far are: — 

Mtiscid^ (Subfamily: Muscinae) : — 

Chrysomyia macellaria Fabricins. 

Chrysomyia viridula Fobineau-Desvoidy. 

Calliphora, sp. ? 

L'ucilia argyrocephala Macquart. 

Lncilia, sp. ? 

Cordylohia anthropophaga . 

Musca puirida, 

Sarcophagidce : — 

Sarcophaga carnaria Linnaeus, 1758. 

,, magnifica Schiner, 1862. 

,, ynficornis. 

,, chrysostoma Wiedemann. 

,, plinthopcgga Wiedemann. (The adult is one 

of the ‘ yaws flies ’ of Dominica.) 

„ S]). ? • 

Symptomatology.— The larva? accentuate the putrid condition of 
the sores and the sufferings of the patient. 

Treatment. — Antiseptic douclies, syringing, with removal of the 
larvrT, and subsequent antiseptic dressing. 

Prophylaxis. — I'lie myiasis can, of course, be prevented by simply 
applying aseptic dressings to wounds. 

Subcutaneous Myiasis. 

Synonyms.- — Culancons myiasis. Frmch, jVlyase cutanee, Myase furoii- 
culeusc, Myase ranipanle soiis-^tutaiiec; Italian, Myasis cutanea; German, 
Myasis. 

Definition. — Dermal myiasis is the invasion of the skin by the 
larvae of species of the (Estridae, especially by Dermaiohia cyani- 
ventris Macquart, 1843, and by those of the Muscidae, especially 
Cordylohia anthropophaga Blanchard. 

Remarks. — It is necessary to be careful to consider the zoological 
region when determining the species of the fly to which a maggot 
found in a case of dermal myiasis belongs, as it is unlikely that a 
species known to occur in Africa will be found in America, and vice 
versa. Further, it is desirable to determine definitely the nature 
of the fly causing the myiasis, and therefore this should be bred out 
as described in the opening sections of this chapter. 
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etiology. — The following larvae are known to cause subcutaneous 
myiasis in man : — 

(Estridca : — 

Hypoderma bovis de Geer. 

Hypo derma lineata de Villi ers. 

Hypoderma diana Brauer. 

Dermatobia cyaniveniris Macquart, 1843; synonym, -D. 
hominis (Linnaeus junior, 1781). 

Dermatobia (?) keni (3 Kolb. 

(Esints {C ephalomyia) ovis Linnaeus. 

Muscidce (Subfamily Calliphorinae) : — 

Cordylobia anthropophaga E. Blanchard. 

Cordylobia rodhaini. 

The life-history of the a^stridae is curious, as will be discussed 
below. With reference to Cordylobia anthropophaga, by a mistake 
the cutaneous myiasis of Natal, Rhodesia, I 3 ritish Central Africa, 
Uganda, and the Sudan, was assigned to Bengalia depressa, while it 
should have been placed under this heading. 

Varieties. — As geographical distribution is important from the 
point of view of the causal parasite, it appears to us to be convenient 
to utilize this and to divide the subcutaneous myiases into the 
American, the African, the Asian, and the European, while the last 
variety is not geographical, but pathological — viz., creeping 
eruption. 

American Dermal Myiasis. 

Synonym. — Neotropical dermal myiasis, Derrnatobiasis. 
^Definition. — Dermal myiasis as seen in Tropical America is 
caused by the larva of Dermatobia hominis (Linnaeus junior, 1781), 
better known as Dermatobia cyaniveniris Macquart, 1843, and 
perhaps by other allied, but as yet unknown, forms. 

Nomenclature.— The fly which causes this myiasis has a large 
number of scientific and popular names: — 

Scientific Names.— Dermatobia hominis (Linnaeus junior, 

CBstrus hominis Linnaeus junior, 1781 j CS. humanus Humboldt and 
Boupland, 1805; Cuterebra hominis (Linnaus junior) Say, 1822; 
CEstvus guildingii Hope, 1837 > Dermatobia cyaniveniris Macquart, 
1843; Cuterebra noxialis Gondot, 1845* Dermatobia mexicana Serna, 

1896. , , 

Popular Names.— Brazil, hura (boil), verme, berne or berme; 
British Honduras, beef worm, cormollote; Colombia and Venezuda, 
gusano, husano (worm), gusino de monte (forest worm), gusano 
peludo (hirsute worm), gusano macaco (macaw worm, because it 
attacks the macaw-headed Capuchin monkeys); Costa Etca, 
torcel; Guatemala, colmoyote; Pangoa, mirunta; Mayan name, 

suglacura. . •, 

Names Suggestive of Mosquito Carriage. — Mexico, moyocuii 
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(flyworra), gusdno moyocuil (maggot ll5rworm) ; Colombia, Venezuela, 
and Guatemala, giisano de zancudo (maggot of mosquito); Dutch 
Guiana, Trinidad, mosquito worm. 

History. — In 1569 Friar Pedro Simon appears to have been the 
first to have drawn attention to this myiasis as seen along the banks 
of the Rio Magdalena and the low plains to the east of the Andes. 
He was followed in 1653 by Father Bernabe Cobo, who reported its 
occurrence in the Mexican lowlands in the coast district of Alvarado, 
in the state of Vera Cruz. In 1745 De la Condamine reported it 
from French Guiana, as did Arture in 1757- In 1781 Linnaeus 
junior reported it from Peru and gave a brief mention of the fly, 
while in 1822 Say gave a description of the larva as received from 
South America. In 1835 Hope gave an account of the larva from 
under the skin of the head of a man from Trinidad. The specimen 
was deposited in the museum of the Royal College of , Surgeons of 
England. 

From that date scattered, but fairly numerous, references can 
be found — e.g., Hill (1830), 01137011 (1835), Gondot (1845), Coqiierel 
(1859), Laboulbene and Davainc (i860). Bonnet (1870), Der Verteiiil 
(1884), Ormerod (1886), etc. —until between 1890 and 1896 Blan- 
chard published a resume of known facts, then a series of admirable 
investigations upon tlie subject ; and in 1915 Sambon again gathered 
together known facts, together with tlie history of the mosquito 
carriage of the eggs, and extended this with his own personal 
observations. 

With reference to the mosquito carriage, it is remarkable to note 
that Father Colio, in 1653, says that eacli wound produced by the 
common mosquito ])rodnces within the flesh a spine-covered worm the 
size of a haricot bean or even larger. 

In 1911 Morales of Guatemala first described the transmission 
of tlie eggs as being due t o a mosquito, and performed an experiment 
on a man, first noting the escape of the larva from the egg carried 
by a living moscpiito when placed on the ])alm of the hand, then 
allowing this larva to wander about the forearm, and t hen scratching 
the skin and watching the larva burrow in, then noting the gradual 
development of the furuncha and finally, wlien threatened with sii])- 
puration. removing the larva, transplanting it into tlie back of a 
rabbit, and watching its escape as a n3unph. Also in 1911 Tovar of 
Maturin, in Venezuela, had noted this mosquito carriage, which 
was also studied by Blanchard in 1912, Rincones, Ze])(‘da, and Sur- 
couf in 1913, and Samlnm in 1915. 

Climatology. — The causal agent being a neotro])ical insect, the 
distribution of the disease is confined to Trojiical America, in which 
it occurs in the lowlands along the coast and also in the valleys of 
the river, but it is absent in the hills and mountains. It begins 
near the southern borders of the United States, being found in 
Mexico, in Central America — i.e., British and Sj)anish Honduras, 
Guatemala, Nicaragua, Costa Rica, and Panama; in South America 
— i.e., Colombia, Venezuela, the Guianas, Brazil, and Peru; while 
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it is known to occur among the West Indian Islands near South 
America — e.g.y Trinidad. 

It requires a warm, moist climate, with surface water and forest 
vegetation. 

^^tiology. — The cause of the disease is the invasion of the body 
by means of the larva of Dermatobia hominis (Linnaeus junior, 1781). 



Fig. 724. — Janihinsoma luizi Theobald, carrying the Eggs of Dermatobia 
hominis Ltnn.®us junior. 

(After SaiPbon.) 


On the evidence at present available it would seem that the fly 
seizes the female mosquito of the species Janihinsoma luizi Theobald 
and attaches her eggs to the ventral aspect of the abdomen, but it 
has been suggested that it deposits the eggs upon foliage, and these 
accidentally reach the mosquito, which appears hardly probable. 

When the mosquito feeds upon man or animals the little larva 
which has been held in position in the egg by its spines slips out 
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and pierces the skin by means of the aperture made by the mos- 
quito bite. 

Pathology. — As it escapes from the egg, the larva possesses, in 
addition to the numerous spines on its first seven segments, a crown 
of large black rose thorn-shaped spines along the anterior border of 
the fifth, sixth, and seventh segments, while the last shows two 
posterior stigmata. When it has pierced the skin the spines on the 
fifth to seventh segment are shed (they are no longer required, as 
their function is to keep the larva in the egg-case), and the stigmata 
become three in number. What happens to the larva in the body 
is not known, but that it can wander under the skin is known, and its 
production of the warble and escape therefrom is also known. 

Symptomatology. — The incubation period or time between the 
infection and the first appearance of the warble is unknown. 

Appearance of the Warble .- — Suddenly the patient feels a sharp pain 
in some region of the skin. It may last two to three minutes, and 
then pass away, but after a time it will return either in the morning 

or in the evening. These inter- 
mittent seizures will continue, 
and the pain will increase as the 
little rounded swelling wliich 
appears in the affected region 
increases in size. This swelling 
is the warble. 

The Warble Stage. — When 
fully developed the warble 
resembles a boil, being some 
2-3 centimetres in diameter 
Fig. 725. — -Warrj.k caitskd by Dcr- and of a dark red or bluish-red 
matobia hominis (Linn^us junior). colour. At the apex there is a 
(AficM- s.nnbon.) more Or less centrically placed 

small circular aperture which 
increases till it reaches a size of 3-6 millimetres. It is usually 
covered by a scab, which, if removed, shows a moving body with 
two small brownish-yellow spots. This is the posterior end of the 
larva. These warbles may be single or multiple, placed in close 
proximity or scattered, with usually only one larva to a warble, 
but sometimes with more and rarely as many as fi ve larvae to one 
warble. Warbles may exist in any part of the body, but arc 
more painful in regions like the nose. Usuallv there are no con- 
stitutional symptoms, but there may be slight fever, and there 
may be swelling of the surrounding subcutaneous tissue, especially 
in the head, where the cedematous swelling may be limited by 
the adhesions of the fasciae. When the warble is mature the larva 
may be seen actively moving up and down like a jack-in-the-box, 
appearing and disappearing from the aperture. In due course 
it gradually dilates the opening in the warble by means of its 
posterior end, and eventually escapes and, falling to the ground, 
crawls away and becomes a pupa. 
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Post-Warble Stage. — After a period varying from six weeks to 
SIX months the larva escapes and leaves behind an empty cavity, 
which is closed by granulation tissue and heals, leaving a hardly 
visible scar. 

Complications. — Secondary bacterial infections may take place, 
giving rise to erysipelas, tetanus, lymphangitis, and enlargement 
of the lymphatic glands. If the larva dies an abscess is formed. 

Diagnosis. — The cardinal points in the diagnosis are: — 

1. The formation of boil-like swellings on the skin. 

2. The presence of an aperture at the apex of these swelhngs. 

3. The presence of the posterior end of a larva, with its stigmata 
in the opening. 

4. The boils forming in the neotropical zoological region. 

Treatment. — The native places a tobacco-leaf over the aperture in 

the warble, or squirts tobacco-juice therein, and after twenty-four 
hours squeezes the larva out. 

Tincture of iodine may be used in a similar manner or i in 20 
carbolic lotion. When the larva has departed, wash the empty 
warble out with antiseptic lotion and dress aseptically. 

African Dermal Myiasis. 

The known form of African dermal myiasis is iumhu disease, 
caused by members of the Calliphorinac subfamily of theMuscidae. 

Tumbu Disease. 

Definition. — Tumbu disease is an African dermal myiasis caused 
by the larvae of Cordylobia anthropophaga E. Blanchard and allied 
species living under the skin. 

Historical. — It was reported from Senegal, where the larva is 
called ' ver dc cayor ’ by Berenger Fewaud, and later by E. Blanchard 
from Natal, when it was called the Natal worm, while the fly was 
named Ochromyia anthropophaga. A similar larva was found in the 
arm of Commander Lund in the Congo, and was long known as 
Lund’s larva until it received the name Cordylobia rodhaini Gedoelst, 

In 1901 it was reported that there was a maggot fly in Natal, 
limited to the coast, not extending inland, and not rising higher 
than 1,000 feet. It was also found about Delagoa Bay, in Rhodesia, 
British Central Africa, Uganda, and the Anglo-Egyptian Sudan. 
Unfortunately this fly was recognized as Walker's depressa, 

when it was reall}^ the well-known Cordylobia anthropophaga, and the 
true Bengalia is altogether a different genus, probably an Auchmero- 
myia with an unknown life-history. It also occurs in late 
German East Africa, where it was called Ochromyia anthropophaga 
by Griinberg and Cordylobia griinbergi by Doenitz. 

Austen has described a third species, Cordylobia preegrandis , in 
Nyasaland, Cape Colony, Transvaal, Natal, North-West Rhodesia, 
and late German East Africa, and contributed a valuable paper on 
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the whole subject in 1908 to the Journal of the Royal Army 
Medical Corps ; while Smith described the symptoms of the disease 
in the same journal. 

In 1913 Rodhain, Pons, Vandenbranden, and Bequaert, demon- 
strated by experiment the method of infection; and Heckenroth and 
Blanchard recorded four cases due ioCordylobia rodhaini in French 
Equatorial Africa. 

Climatology. — Tumbu seems to be widespread throughout tropical 
Africa, extending from Senegal in the north to Natal in the south, 
and from the west to the east coasts. 

etiology.- — The cause of the disease is the invasion of the sub- 
cutaneous tissues by the larva of Cordylobia anthropophoga and allied 
species. The method of infection, thanks to the labours of Smith 
in 1908, and Rodhain, Pons, Vandenbranden, and Bequaert in 1913, 
is fairly well known. 

The eggs are apparently sometimes laid on the clothing, the fly, 
perhaps, being attracted by the odour, or perhaps at other times the 
egg is laid in dirt or fcTcal matter on the floor, from which the larva 
wanders on to the human being, especially when using the latrine. 

Having arrived on the skin of man or animals, it penetrates this 
by means of its buccal hooks, but seems to require a long time to do 
so, as one experiment took six hours. If this is really so, then there 
must be some ancillary process, as this is not natural. 

Monkeys, goats, rabbits, dogs, and cats are also attacked. 

Symptomatology. — During the attack slight pricking sensations 
may be noted. The parts most affected arc the scrotum, thigh, 
and buttocks in Europeans, but the forearm, axilla (especially 
in natives), and the head also may be invaded. The infected area 
presents the appearance of a boil, in the central portion of wliich 
tliere is an opening, more or less clearly defined, which is marked 
by black matter (the excrement of the larva). In this hole the 
posterior (‘iid of the larva may be noted, and on pressing on it con- 
siderable pain is produced, probably due to the movements of the 
larva. Surrounding the central opening is an inflamed area about 
I incli in diameter. The opening may, however, be obscured by 
dried-up discharge. Strong pressure easily expels the maggot, 
so that it is seldom allowed to grow old. In children and helpless 
persons it may attain its fuH size, and is then usually associated 
with suppuration, and when full grown is about 12 millimeties in 
length, of a yellowish-white colour, and bluntly pointed anteriorly, 
while it possesses twelve segments, on the posterior aspect of the 
last of which are the two posterior stigmatic plates, which are visible 
in the orifice of the swelling, appearing and disappearing after the 
manner of a jack-in-the-box. 

Treatment. — The larva is easily expressed by strong pressure, 
and then the resulting hole can be cleansed with antiseptic solutions 
and the wound dressed aseptically. 
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Asian Dermal Myiasis. 

Myiasis has not been sufficiently studied in Asia, though it is 
fairly common there. Sarcophaga ruficornis is reported as causing 
occasionally a very severe form of cutaneous myiasis, but beyond 
this much cannot be said. 

European Dermal Myiasis. 

The myiasis of Europe scarcely comes under flic si'ope of tropical 
medicine, but it may be mentioned that dermal myiases are known 
to be caused by Hypoderma hovis de Geer, 1776 (p. 826) ; H. diana 
Brauer; //. linoata de Villers, 1789; Gastrophilis nasalis Linna;us, 
1758; G. hcBmorrhoidalis Leach, 1761; G. vetcrinus; and Lucilia 
sericata. 

Creeping Eruption. 

Synonyms.— Creeping disease, Larva niigrans. Bulyariccyi, Nova BolcsL 
Pnlziasta Boles! ; Gt rmau, 1 laiilniaiilwai i , Krccclikrankiu it, Haiitkralzschorf . 

History. — This disease was first described by A. Lee in 1875. 
Later on, Procke, Blanchard, Topsent, Eulleborn, and others have 
recorded several cases. It is not rare in some parts of Europe, 
Africa, and Asia, and in South America. We have seen numerous 
cases in Ceylon. It is extremely rare in North America. 

.®tiology and Pathology. — Larvie of the genera Gastrophilus, 
G. hcemorrhoidalis and G. nasalis, Gistromyia saiyrus, Hypoderma 
bovis, and H. lincata have been found in several cases. In others 
no larva whatever was found. Looss states that the same clinical 
picture may be caused occasionally by Ancylosloma and Strongy- 
loides [Angiiillula) larvae, or even by an inanimate object like a 
piece of liorsehair. A larva has been found 2 millimetres from in- 
llarned end, under a small dark spot. 

Symptomatology. — The eruptioji is characterized by the presence 
of a narrow raised red line, J to i inch broad. This line extends 
daily one or several inches, and is generally sinuous, but may be 
straight. While the advancing end progresses, the opposite end 
slowly fades away. The duration of the malady is long, generally 
several months, but occasionally two or t hree years. There is much 
pruritus. 

Treatment. — Hypodermic injections of various disinfectants 
have been tried, with little success. Hutchins recommends a 
cocaine injection, followed by the injection of i or 2 drops of chloro- 
form. 

ALLIED CONDITIONS. 

Allied to the myiases are infestations by the larvie or imagines 
of the Lepidoptcra, Coleoptera, Diplopoda, Chilopcda, and 
Dermoptera. 
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Scolechiasis. 

Synonym. — Scholechiasis. 

Definition.— Scolechiasis is the invasion of tlie body by the larvae 
of the Lepidoptera. 

History.— Originally the term ' scolechiasis ' was used by Kirby 
and Spence for the invasion of the body by the larvae of any insects, 
blit Hope suggested that the term should be restricted as indicated, 
and invented new terms for other infestations. 

Varieties. — Hope gives a list of seven cases, of which hve were 
gastro-intestinal, one was rhinal, and one was not classified. 

Gastro -Intestinal Scolechiasis. — This is due to Poniia brassuce 
Linnaeus, belonging to the Papilionidae, and observed by Calderwood 
in Scotland. Yv^owtxtAviO^ioCrambaspinguinalis, of theNoctuid®, 
one being observed by Linnaeus in Sweden and one by Church in 
England, and one was due ioPhryganea grandis , observed by Church 
in England. The one without determination was found by Lister 
in England. 

Rhinal Scolechiasis.- — There is only one case caused by Cr ambus 
pingiiinalis , and recorded by Kirby and Spence, on the authority 
of Fulvius Angelinus, as occurring in Ravenna. 

Canthariasis. 

Synonym. — Scolechiasis as used by us in the second edition. 
Definition. — Canthariasis is the invasion of tlie body by the larvae 
of the Coleoptera. 

Remarks. — The term used above was introduced by Hope in 1840, 
when he recorded a number of cases of rhinal, gastro-intestinal, and 
urinary infestations. 

Rhinal Canthariasis. — This was due to Tenebrio moleior 
Linnaeus, and was recorded by Tulpius and by Oswald Allen. 

Gastro-Intestinal Canthariasis.- — The genera recorded are 
numerous. 

Carahidee. — Sphodriis leucophthalamis by Paykiill in Sweden, in 
1797; Dermestes lardarius by Otto and Chichester, in 1807, in 
England ; and D. murmns by Otto, also in England. 

Staphylinidce. — PcBderns elongatus Fabricius; Oxyporns sithier- 
raneus Fabricius; Staphylinns splendens Fabricius; S. poliins 
Fabricius; 5 . fuscipes Fabricius; and S. puncUtlaius Fabricius by 
Paykull in Sweden, in 1796-1798. 

Scarah(Bid(v. — Gcoir^tpes vemalis l)y Van Brommell in Sweden, 
in 1729; M elolontha, , hy Lemaout, Depalse (1817?), and 
Desvoidy in France. 

Tenebrionides. — Tenebrio moleior Linnaeus by Forestus, in 1568, 
at Brielle; by Kellie in Scotland; by Pickells and by Thomson in 
Ireland; by Traill and others in England; by Acrel in Sweden, in 
1796. 

ElapidcB. — Blaps mortisaga Fabricius I'y Pickells, Thomson, and 
O’Brien in Ireland, in 1827: by Bateman and others in England. 
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Mordellidce. — Mordella^ sp. ?, by Rosen, in 1752, in Sweden, 

CantharidcB. — Melee pyoscaraheeus Fabricius b}^ Germar in Silesia, 
in 1816. 

CirculionidcB. — Balanimts nucum Fabricius by Henry, Astley 
Cooper, and others in England, in 1805-1809. 

Urinary Canthariasis. — Tenebrio moletor Linnaeus is recorded 
by Tulpius as occurring in the bladder of a female aged fifty years- 
Balaninus, sp. ?, by Henry and Phillips in the urinary passages of a 
man aged sixty-two years, in Lancashire, in 1809. King in the 
Anglo-Egyptian Sudan has recorded a case where the larva depicted 
in Fig. 460, p. 870 was passed arethram. 

Dermal Canthariasis. — Dyiiciis marginalis Linnaeus is recorded 
by Hope, in 1831, in England. 

Diplopodiasis and Chilopodiasis. 

Diplopodiasis occurs in the alimentary canal, and is caused by 
Julus terrestris Linnaeus, J. londinenensis , and Polydesmtis com- 
planatus. 

Chilopodiasis occurs in the rhinal passages, where Geophihds 
carpophagus Leach, G. electricus Linnaeus, G. cephalicus Wood, 
G. similis Leach, Lithohius fortificatus Linnaeus, andL. melanops have 
been found, while G. electricus and S. coJeoptrata, ChcFtechelyne 
vesuviana, Himantarhim gervaisi, and Siigmaiogasier subterranevs 
occur in the alimentary canal. 

Dermapteriasis. 

Dermapteriasis of the alimentary canal caused l)y Forficula 
auyicidaria has been reported by Griffin in 1836. 
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Sy no ny m . - Po roc. ep hal iasis . 

Definition. — Foroceplialosis is the invasion of the body by the 
larvte ol Poroccphalnn armillatus Wyman, 1848, andP. moniliformis 
Diesing, 1836, and possibly other forms, which become encysted in 
the liver and lungs, and ultimately develop into n^'mphee, which 
may, by their wanderings, cause inflammation of organs and serous 
membranes. 

History. — P. armillatus was first found in man by Primer in 1846, 
and has since been studied by Bilharz, Fenger, Ail ken, Giard, 
BroiU^n and Rodhain, Dutton and Todd, and one of us. P. monilP 
formis has been met with in Asia, and by Salm in Java. Sambon 

thinks that Welch’s Indian para- 
site may have been P. najeo 
Leuckart, i860, or P. crociduiw 
Parona, 1890, found in Blyth’s 
musk shrew Crocidnra fuliginosa; 
itnd that Flint’s case in America 
may have been an infection with 
P. crolali Humboldt, 1808, but 



Fig. 72G . — Poroccphalus armillatus 

ENCYSTED IN LiVEK. 

(After SamboiL from our West 
African case.) 


for details with regard to these 
parasites, see pp. 734 and 736. 

Climatology. — Porocephalus 
armillatus is confined to Africa, 
being met with in negroes resi- 
dent, or who have resided. 


therein. It has been reported from Egypt and various parts of 
the West Coast of Africa, but especially from the Congo. 

With regard to P. moniliformis, it occurs in Java and the Philip- 
pine Islands. Welch described a peculiar parasite as occurring in 
the mucosa of the intestine of a man in India which he considered 


to be an Echinorhynchus , but which, judging from the drawing, 
might well be Poroccphalus, 

Etiology. — The adults of bothP. armillatus andP. moniliformis 
live in the nasal cavities and lungs of pythons and snakes, and 
though the life-history is as yet unknown, it is quite possible that 
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Sambon's suggestion that the ova pass into the drinking-water, and 
so to man, may be correct. It is possible that the eggs hatch in the 
alimentary canal, and that the larvie then pass into the organs. 

Pathology. — ^The larvae are found lying coiled in cysts in the liver 
and lungs. In due course these larvae become nymphaj, which leave 
the cysts and wander through the body, appearing in the lungs and 
bronchi, causing bronchitis and broneho-pneumonia; in the peri- 
toneal cavity, causing peritonitis; in the bowels, causing irritation. 
Perhaps they leave the body by the heces; perhaps, also, by the 
sputum; but in any case they cause serious illness in, and death of, 
the victim. 

Morbid Anatomy. — In opening the abdomen, the nymphae may 
be found quite free in the peritoneal cavity, and may crawl up the 
hands and arms of the pathologist. They may also be found in 
the lumen of the alimentary canal, in the inucosre, ami thickness of 
the wall of the bowel. The larvae may be seen encysted in the liver 
and lungs. 

In the cysts they lie in a curved position, with the ventral surface 
on the outer aspect of the curve. The lungs show signs of bron- 
chitis and pneumonia, and the peritoneum is usually chronically 
inflamed, but not always. 

Symptomatology .—The symptoms of the early stages of the 
disease are at present quite unknown, but the terminal symptoms 
arc emaciation and weakness, associated with attacks of bronchitis, 
pleurisy, or other resi)irator3^ symptoms. There may be cavities 
in the lungs, and the sputum may be offensive and may contain 
the parasites, of which as many as 75 to 100 have been recorded 
as being expectorated by a single patient. The liver is usually 
considerably enlarged. 

Diagnosis. — The disease has often been mistaken for phthisis; 
therefore any patient in the tropics suffering from the usual symp- 
toms of phthisis associated with enlargement of the liver may be 
suspected, and the sputum and heces carefully watched for the 
possible appearance of the parasites. When a parasite is found, it 
may not necessarily be either P. armillatus or P. moniliformis, but 
is more likely to be some form found in some animal which lives in 
the region where the patient resides or works. 

Prognosis. — The disease is generally chronic. The prognosis is 
serious. 

Treatment. — There is no known treatment. 

Prophylaxis. — If the drinking-water is boiled or filtered, there 
ought to be no danger of infection. 
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Synonyms. — Elephantiasis Graecorum. French : La L^pre. Italian : Lebbra. 

German: Aussatz. Norwegian : Spedalskhed. Arabic: Djudsam. 

Definition.- — Leprosy is a chronic general disease, caused by Ihe 
Mycobacterium IcprcB Hansen, 1874, (usual term Bacillus Icprce), 
which produces characteristic lesions in the skin, mucosce, and 
nerves. The method of infection is unknown. 

History.— Even at the present time there is occasionally much 
difficulty with regard to the diagnosis of leprosy from allied diseases, 
and therefore in ancient times and in the Middle Ages syphilis 
and skin diseases without doubt were confused with it. Hence 
the history is not easy to write. Nevertheless, such a repulsive 
and striking disease must have been noticed by the ancients, and 
therefore it is possilde that the references in the Ebers Papyrus, 
and in the English Bible, the Rig Veda, and ancient Japanese 
books, actually refer to what we call leprosy, together with other 
diseases. If this is so, leprosy is indeed ancient and widespread. 
Certain authorities, however, are of opinion that the Hebrew word 
Tsaraath, which the translators of the Bible have rendered as 
leprosy, does not refer to such disease. It is probable that 
the malady passed from Egypt to Greece, and later to Italy, 
by means of Pornpey’s troops, and that it was disseminated 
throughout Europe by the Roman legions, by traders, and later, 
perhaps, by the Crusaders returning from the East. In any case, 
leprosy gradually increased in Europe from the days of Pompey till, 
in the thirteenth century, it existed to such an extent as to move 
Church and State alike to combat its ravages. Stern measures were 
enforced, and the lepers were isolated in lazarettos. They were com- 
pelled to wear a special dress, to use a clapper when passing along 
the roads, to only indicate with a stick the articles they desired to 
buy in a market; while they were forbidden to drink from public 
fountains, to touch children, to speak to a healthy person in a loud 
voice, or to eat with any person other than a leper. Further, the 
Church performed the Burial Service over a person who was diag- 
nosed to be a leper, and therefore officially he was dead. The resuli 
of this appears to have been beneficial, as the number of lepers 
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diminished rapidly in the fourteenth and fifteenth centuries, since 
when the disease has almo^ disappeared from many parts of Europe. 

But while abating in Europe, it appears to have been introduced 
into Madeira and the Canary Islands about the end of the fifteenth 
century, and perhaps also into America by the Spaniards. The 
infection of the West Indies would appear, however, to have been 
mainly due to the negro slaves brought from Africa about the middle 
of the sixteenth century, after which the disease became common. 
There is great doubt as to whether it did not exist in South America 
in ancient times, but no clear evidence is forthcoming at present. 

In India, Japan, and probably China, leprosy is most ancient, 
while it is very common in South China. During recent years the 
Chinese have been moving about the world, and arc accredited 
with introducing the disease into Kamschatka, the Sandwich 
Islands, Polynesia, Columbia, California, Australia, New Zealand, 
and also into Indo-Cliina. 

Though very common in North and Tropical Africa, it appears 
to have been unknown in South Africa until introduced in 1756 
by the Dutch from Java, who carried it through Cape Colony and 
the Orange Free State inio the Transvaal. It must, however, be 
stated that some people think it has existed for a long time in 
South Africa. 

It is said that the numbers of lepers have markedly increased in 
South Africa since the advent of the East Indian troops in the 
middle of last century. 

As regards medical literature. Hippocrates says but little about the 
disease, and perhaps really refers to psoriasis, while Aristotle defines 
it better. It is not, however, until the first century that Aretaeus 
of Cappadocia gives a clear description of the disease, and not till 
1847 that the first modern clinical account by Danielssen and 
Boeck appeared. The pathology of the disease has been carefully 
studied by Virchow, Vandyke Carter, Leloir, Babes, Unna, Zam- 
baco, Innes, Campana, De Amicis, Philipson, Mantegazza, and 
Bergmann. In 1871 Hansen discovered the bacillus, and in 1877 
definitely associated it with the causation of leprous lesions, and it 
has subsequently been studied by Neisser in 1879, and many others. 

Many attempts have been made to cultivate this bacillus, notably 
by the Indian Commission, van Houten and Rost, and more recently 
by Keebrowsky, Clegg, Bayon, and Duval. In 1903 Stephansky 
and Dean, and later Rabinowitsch and Tidswell, discovered a 
peculiar leprosy-like disease in rato, the lesions of which contain 
bacilli closely resembling Hansen's bacillus in appearance, and 
not capable of cultivation. A diphtheroid bacillus has, however, 
been cultivated by Dean from two cases, and is said by him to be 
capable of being agglutinated by human leprous serum. There is 
probably no connection between the human and the rat disease, 
though some authorities admit it. The condition has been recently 
investigated by Marchoux and Sorel, Bayon, and others. 

The method of infection is at present unknown, though there are 
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various theories, wore or less ably defended; which will be men- 
tioned later. Marchoux and Bourret consider that they have 
successfully inoculated a chimpanzee, and Nicolle and Blaizot have 
produced lesions resembling leprosy in lower monkeys. The con- 
dition of the eye has been much neglected until recent years, when 
the researches begun by Bull and Hansen as far back as 1873 have 
been extended by Grossman in 1906, de Silva in 1907, but most 
importantly by Borthen in 1899. 

Deycke and Reschad inoculated the surface cream of sterilized 
unskimmed milk with material obtained from the under aspect 
of leprotic tubercles by throwing back a flap of skin. Incubated 
at 30° C., a growth forms in fourteen days, which is characterized 
by its bright orange tint. This organism they called Streptothrix 
leproides, and from this they obtain a neutral fat, ‘ nastin,' which 
is similar to a fat found in Hansen's bacillus, and this Deycke 
considered to be the agent which produced favourable symptoms 
when cultures of Streptothrix leproides were injected into patients. 
Later he noticed that these favourable conditions were associated 
with a Icucocytosis, and therefore used nastin mixed with cinnamic 
acid, which is excreted as hippuric acid, the two acids being connected 
by benzoic acid as an intermediate product. He therefore used 
benzoyl chloride to extract the ‘ nastin,' and injected the ‘ benzoyl 
nastin ' into patients, producing a reaction. Deycke believes that 
the nastin is only a carrier of the benzoyl chloride to the bacilli, 
which it deprives of their fat , and so allows the phagocytes to attack 
them. Four solutions were prepared: Nastin B o, Nastin B i, 
Nastin B 2, and K.. this last being only benzoyl chloride, and being 
used to shorten and reduce the seven 1 37 of the reaction if required. 
The others represent nastin in varying degrees of strength, 
Nastin B 2 containing an excess of nastin, while Nastin B i is that 
usually em])lo3^ed. Unfortunately no general success has followed 
this line of treatment. 

Climatology. — At the present time there is but little leprosy 
in many parts of Europe, but it is still common in Iceland, while 
it is found in Spain, Italy, the Balkans, Turkey, Crete, and Cyprus. 

It is less frequent than formerly in Norway, vSweden, Greece, and 
some of the Mediterranean islands, rare in France and Germany, 
and almost extinct in Denmark, Belgium, Holland, Austria- 
Hungary, and England. 

It is very common throughout the whole of Asia. In Ceylon 
there are numerous lepers, many of whom are treated in a leper 
asylum at Hendela, near Colombo, which is believed to be one of 
the best in the world. 

In Australia the disease is known principally in Queensland and 
New South Wales, and also in Victoria: while in New Zealand it is 
known among the Maoris. It occurs in New Caledonia, Tahiti, 
and the Sandwich Islands. 

It is spread sporadically over the United States, but is rare in 
Canada, while it is well known in Mexico and Central America, 
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and common in the West Indies. In South America it appears to 
be common in Colombia, Venezuela, the Guianas, and Brazil, but 
whether it is rare or simply not recognized in other countries is 
unknown. 

It appears to be spread all through Africa, but is certainly rare 
in West Africa, more common in Central and East Africa, and 
decidedly more common in North and in South Africa, where there 
is the celebrated Robbin Island Leper Asylum. There are people 
who believe Egypt to be the original home of the disease, from 
whence it spread to Asia and Europe. 

.etiology. — The disease is caused by Hansen’s bacillus, which 
morphologically has the greatest resemblance to the tubeicular 
bacillus, and is st?med by the same methods. 

With regard to the cultivation of the bacillus tliere are three 
views: — 

1. That it has never been cultivated. 

2. That it can be cultivated as a streptotlirix or nocardia. 

3. That it can be cultivated as a bacillus. 

1. That it has never been cultivated, — This is still the most 
generally accepted view. 

2. That it can he cultivated as a Streptothrix,- — This is the view 
held by Bordoni-Uffreduzzi, Babes, Rost, Kedrowsky, Shiga, Hew- 
lett, Bayon, Johnston, and others. They maintain that Hansen’s 
bacillus in cultures becomes a filamentary branching non-acid- 
resisting organism, whicli, when injected persistently into animals, 
produces tlie signs of ]epros3c From these animals, they say, it can 
be recovered as an acid-resisting bacillus. The strain separated by 
Kedrowsky, and further investigated by Bayon, is the one which in 
our opinion is the most important with a view to further researches. 
The growth of the germ is slow, and the colonies coalesce into a 
whitish mass. Tlie inoculation of cultures into monkeys, rats, and 
guinea-pigs, gives rise, according to Bayon, to leprosy-like lesions, 
with very little tissue proliferation, no caseation necrosis, no 
vascular sclerosis, and with presence of numerous acid-fast bacilli. 
Serological reactions, such as agglutination and complement fixa- 
tion, are rather in favour of Bayou’s theory. Moreover, the 
inoculation of an extract of the cultures induces in leprotic patients 
a reaction with fever, comparable to that induced in tubercular 
patients by tuberculin. 

In 1915 Fraser and Fletcher weu' unable to confirm Kedrowsky 
and Bayon’s results, and came to the conclusion that Kedrowsky’s 
bacillus is not the leprosy bacillus. 

3. That it can he cultivated as a Bacillus. — This is the view held 
by Clegg, Duval, and others. Clegg succeeded in cultivating his 
bacillus in .symbiosis with an amoeba. The cultures are chromo- 
genic. The inoculation of this germ apparently does not produce 
leprotic lesions. Duval gives importance to a non-chromogenic 
always acid-fast bacillus he has isolated, which grows very slowly. 
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and only on special media. He states that in addition to this 
bacillus he has at times grown a polymorphic organism, sometinK^s 
diphtheroid, sometimes streptolhrical. and of varying degrees of acich 
fastness. He compares this type of germ to those isolated by Ked- 
rowsky and Bayon, and is not inclined to give it any importance. 

The bacilli, which, as will be shown later, exist practically all 
over the body wherevta* diseased tissue is found, leave it by the 
nasal secretion, the tears, the salivary secretion, the sputum, the 
milk, the semen, urethral and vaginal secretions, and by the faeces, 
and are cast off witli the scales of skin or the discharge of disin- 
tegrating tubercles. Of all these, the secretion of the nose appears 
to be of great importance, for, as Sticker and van Houten showed, 
the bacilli are very commonly met with in that situation. The 
bacilli arc reported to have been found in Culex ptingens and 
CLinocoris lectularius by Goodhue, of the Molokai Leper Settlement. 
Finally, notwithstanding one or two observations, the bacillus has 
never been found in earth, dust, air, water, or food. 

With regard to inoculations of leprotic tissues and nodules into 
animals, experiments have been negative in rabbits, guinea-pigs, 
dogs, cats, bats, pigs, and birds, even though some experiments 
were thought at the time to be successful. Nicolle produced a 
hard indolent swelling with a few lepra bacilli by injection of leprous 
tissue in a Macacus monkey. Marchoux and Bourret have made 
inoculation experiments in a chimpanzee with partial success. 
Stanziale has inoculated leprotic material in the cornea of 
rabbits, inducing certain lesions which he has been able to 
transmit, to a certain point, from animal to animal. In rats a 
peculiar skin disease, somewhat resembling leprosy, occurs spon- 
taneously, as observed by Stephansky, Dean, and Rabinowitsch. 
This has been investigated by Marchoux and Sorel, who have 
come to the conclusion that it is generally transmitted by 
contact, and not by parasitic agencies. They have not succeeded 
in cultivating the bacillus, while Bayon has cultivated a strepto- 
thrix very similar to the Kedrowsky strain isolated from human 
lesions. 

With regard to the experimental inoculation of human beings, 
the only case cited as successful is Arning's inoculation of a Sand- 
wich Island criminal in the arm with a leprous tubercle. This 
man developed a neuritis of the ulnar and median nerves four 
weeks after the inoculation, a tubercle five months later, the full 
signs of leprosy two and a half years later, and died a leper six 
years after the inoculation. It is, however, to be noted that he 
lived in a leprous country, and that there was leprosy in his family — 
facts which decrease the importance of the experiment. 

There can, however, be no real doubt that the disease is in some 
way spread from human being to human being. In support of this 
there are many well-known facts— ^.g., the case reported bv Benson, 
where an Irishman, having acquired leprosy in the West Indies, 
returned to Ireland, and died from the effects of the disease in 
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about eleven months. During this period his brother not merely 
lived with him, but slept in the same bed, and, after his death, wore 
his clothes. In about four to five years this brother showed all 
the typical signs of tubercular leprosy, though he had only once 
been out of Ireland, and then only to visit England. Another 
similar case may be quoted of a person who, acquiring leprosy in 
Tonkin, returned to Strasburg and lived with a nephew, who 
subsequently developed the disease. Turning to the evidence of 
history, there is the spread of lepro.,y throughout Europe, and, 
later, the rapid spread of the disease in the Sandwich Islands, 
where, though existing probably for many years, it increased from 
1859, when it was haidly known, till in 1881 no less than 800 lepers 
were isolated, and it is said that no less than one- tenth of the 
population were affected. Another instance is the case of New 
Caledonia, in which the disease, though now common, io believed 
to have been introduced for the first time in i860, and Pine Island, 
which is said to liave been infected from New Caledonia; or 
Mauritius, which was infected by a single leper, and from which, 
later, the island of Rodriguez was infected, also by a single leper. 

As to individual cases of infection by residence among lepers, 
the most noted is that of Father Damien de Venster, who went 
from Belgium as a missionary to the Molokai Leper Asylifm of the 
Sandwich Islands in 1873, and who was first recognized to be suffer- 
ing from the disease in 1882, from which he died in 1889. 

Again, the prophylactic success of even partial isolation of lepers, 
as evinced in Europe in the thirteenth and fourteenth centuries, 
and to-day in Norway, Sweden, and Iceland, is in favour of the 
view that the disease passes from man to man. But it is not wise 
to hastily conclude that this transference is direct, for any of the 
above cases arc easily explicable by the disease being conveyed 
by food or biting animals. The success of partial isolation might 
be simply to diminish the chance of infection by these means. 
Moreover, the fact that the attendants of the Hendela Leper 
Asylum of Ceylon have so far not been known to contract the 
disease is against the theory of direct contagion. Further, though 
there is evidence that married people may both suffer from the 
disease, there is no proof that sexual intercourse is a means of 
infection. Nor is there any evidence of heredity being a source 
of infection, for never has a child been born in a leprous condition, 
though it is said that 10 per cent, of the children of leprous mothers 
become sooner or later lepers themselves. 

If the germs are not carried from one person to another by con- 
tact, sexual or germinal transmission, they might still be con- 
veyed by air, dust, water, or food, and, indeed, all these theories 
have their supporters. 

It does not appear likely that it is conveyed by air, otherwise it 
would surely be spread more commonly from patients to attendants 
in leper asylums. With regard to dust, it is quite true that, though 
some persons report the presence of a very few bacilli in earth 
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taken from places frequented by lepers, the majority have faded 
to find them, and, again, what has been remarked with regard to 
air also applies to dust. The germs have never been found in the 
water of the most highly infected places. 

Many articles of food have been suspected, especially fish, and 
more particularly salted fish — a view which Sir Jonathan Hutchin- 
son Jias strongly advocated; but even he admits that it will not 
explain all cases, particularly its presence in people who have no 
chance of eating cured fish. 

After excluding all these, there is still the possibility of the in- 
fection being carried by some blood-sucking insect. This subject has 
been most ably discussed by Nuttall, who points out that Linnseus 
and Rolander considered Chlorops (Musca) lepiw to be the active 
agent; while Corredor suspected flies in general; Sabrazes, insects; 
Joly, Sa/coptes acahiei and Pediculi ; and Sommer, mosquitoes. 
Nuttall himself says that the possibility of sucli transmission 
cannot be denied. Goodhue has demonstrated the bacilli in Ciilex 
pungens and in Clinocoris lectularins ; and Marchoux and Bourret 
have suggested that some Simuliidai might be the carriers of the 
disease. Flies, lice, bugs, fleas, ticks, etc., have all been studied 
recen+^^ly without any great success. 

It might be thought that, direct inoculation having failed, the 
infection by means of inseds would be unlikely. But that is not 
so, because it is well known that the passage of bacilli through 
anoGier animal may markedly modify the virulence of the germ. 
On the other hand, a great many facts are in favour of the insect 
spread of the disease — e,g., the infection in a family. The cases 
cited above as examples of contagion would be easily explicable 
by the action of an insect, as would the effect of isolation in prev 
venting the disease. Moreover, the predisposing causes of dirt, 
poverty, etc., arc also explicable on the same reasoning, especially 
the curious disappearance of the disease in the families of Nor- 
wegian peasants emigrating to America, where they became much 
cleaner in their habits. The difficulty of cultivating the germ on 
ordinary media is very suggestive of its being accustomed to live 
solely in animal tissues; while the abundance of the bacilli in the 
skin is also suggestive of that being the natural method of leaving 
the body. Everything in the history of the disease appears 1 0 us to 
favour its spread by animal agency. 

Cases of infection by vaccination and variolization are on record. Natives 
of Ceylon generally state that the diseavse begins after a bite by a rat. 

Pathology. — According to different theories, the bacillus enteis 
the body via the skin, the nasal or respiratory mucosae, the ali- 
mentary canal, or the generative organs. 

The list is so comprehensive that it will be obvious that the real 
method of entry is entirely unknown. On arrival inside the body, 
the bacillus is supposed to come to rest inside a lymph space some- 
where, and there to grow and form colonies, from whence it can be 
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disseminated through the body, perhaps by the blood and the. 
lymph streams. It must be remembered, however, that the 
nature of the initial lesions is quite unknown. So enormously do 
the bacilli multiply in the body that there are few diseases which 
show an equal infection. 

The pathogenesis of the lesions is not very well known, and there are many 
points of dispute which so far have not been settled. 'J'he early stages have 
been most carefully studied by Unna in the neurolepride, in which there is 
at first a dilatation of the capillary vessels of the skin, on the walls of which 
the typical bacilli can be found. The organisms now pass into the wall of 
the vessel, and appear to irritate the connective-tissue cells of the vicinity, 
which, becoming plasma cells, surround the periphery of the vessel. 

I here is a dispute as to whetlu'r any diapedesis of the while cells takes 
place, ihus iliin and Ncisscr support the view of a diapedesis, to v.hicb, 
however, Unna is opposed. According to the former observers, the cells of 
the leproma contain not merely plasma cells, but also leucocytes and lym- 
phocytes, while according to the latter they arc entirely plasma cells and their 
derivatives, for Unna holds the view that the bacillus has but little attraction 
for the white cell, 'i'he organisms pass from the vessel wall into the lymph 
capillaries, in which they grow. These early stages have not been seen in the 
typical leproma, in which the bacilli from the first are niet with in the lym- 
phatics, in which they grow luxuriantly, causing the considerable dilatation 
which is a marked feature of tlie lesion.' 

Now occurs a phenomenon concerning which there is much difference of 
opinion, for either the plasma cells increase in size, and, becoming multi- 
nucleated, engulf the bacilli, forming in this way the typical ‘ lepra cells ' 
of Virchow — a view supported also by Neisser and others — or the bacilli 
attack the plasma cells, destroy their cytoplasm, and so damage the nucleus 
that it becomes achromatic and breaks into several pieces, which remain sur- 
rounded by, or on the side of, a mass of bacilli embedded in mucus, thus giving 
rise to a false appearance of a giant cell or chorio-plaque enclosing bacil’i, 
as asserted b}^ Unna and others, Unna’s staining method with Victoria blue 
and .saffranin colours normal bacilli blue, and dead bacilli yellow. 

The lesions show large cells — the * lepra cells,' containing large masses of 
bacilli — but in addition to these cells there are also masses of bacilli embedded 
in mucus, and not enclosed in cells, which are the ' globi ' of older writers, 
and which in fresh preparations appear as large, rounded, brownish masses. 
Bayon believes that the bunches of bacilli arise partially by the choking of 
the lymphatics by phagocytes swollen by the numbers of the bacilli which 
they have engulfed, and partially by the endothelium of the vessel wall also 
becoming distended with bacilli. The nuclei of these cells degenerate and are 
eliminated, while the remnants of the cells, together with the bacilli, form 
' the globi,' and when these remnants disappear the bacilli are left free in 
the tissues. The hyaline coating of many bacilli may be a product of the 
protoplasm of these cells or may be secreted by the bacilli themselves. Some- 
times typical giant cells, called ' Langhans' cells,' are seen. Marchoux and 
Bourret consider the so-called lepra cells to be undistinguishable from the 
large mononuclear leucocytes. 

The bacilli do not invade the surface epithelium, nor the layer of the cutis 
directly below this; nor do they affect the sweat glands, nor the hair sheaths 
superficial to the opening of the sebaceous glands. 

The typical leproma, therefore, shows superficially epithelium, normal in 
every respect, except that there are no interpapillary processes. Below the 
epithelium there is a layer of connective tissue, free from bacilli, under 
which lies the typical lesion, composed of lepra cells, plasma cells, and con- 
nective-tissue cells, separated by a very slight amount of fibrillar connective 
tissue, and containing vessels, whose walls are thickened by an infiltration of 
the adventitia, media, and intima to such an extent that at times the lumen 
may be obliterated, while the lymphatic spaces are dilated and filled with 



1652 


LEPROSY 


•bacilli surrounded by mucus, forming the * globi.’ Beneath the lesion the 
connective tissue may be more or less normal. 

The attacks of fever and the erysipelatous eruptions, which will be described 
under the Symptomatology, are explicable by the dissemination of the bacilli 
throughout the body by the blood stream, the bacilli being contained in the 
large mononuclear leucocytes, according to Marchoux and Bourret, and by the 
embolism of the capillaries of the skin by bacilli and white cells, which, how- 
ever, are soon recovered from. 

Lesions may remain stationary for years, and retrogression may take place 
as the result of treatment, or spontaneously, in which case the dead bacilli 
are absorbed, and sac-like spaces left, which rarely become sclerosed by 
connective tissue. If on a surface, the leproma may soften, break down, and 
ulcerate, thus disseminating the l>acilli in the discharge. 

The bacilli may also enter into the nerves and cause a hyperplasia of the 
connective- tissue cells of the coats and the formation of typical leproma 
cells at first around the vasa nervorum, and later in the perineurium and 
endoneurium. 

These cells press on the nerve fibres, causing a degeneration of the neuri- 
lemma, and later a disintegration of the arteries and a destruction of the 
nerve fibres, wdiich finally results in the nerve being largely converted into 
connective tissue. In places where the nerve is apt to suffer from compres- 
sion or other slight injuries, it becomes so thickened as to be easily palpable — 
a fact which Lie explains by saying that the bacilli which he found in the 
cutaneous nerves pass up the nerves and become located at spots liable to 
injury. 

It is usually believed that the nerves only arc affected, and that the paralyses, 
etc., are the results of disease of the peripheral nerves, but it has been shown 
that the bacilli attack the anterior cornua of the spinal cord, and therefore 
this may play a part in the production of the symptoms. 

The bacilli may be carried by the blood stream all over the body, but show 
a selective affinity for certain organs, in which they develop the typical 
leprotic lesions. A certain number of leprotic subjects react to tuberculin 
injections, and give a positive Wassermann reaction. 

Morbid Anatomy. — The skin lesions which may be found are the 
tubercles, wliich may or may not be ulcerated, and the pigmented 
and apigmented areas. On cutting into the leproma, it is seen to be 
situated usually in the cutis, and covered by the epidermis; but it 
may lie in the subcutaneous tissue, in which case it does not form 
a tubercle. It is yellowish-white in colour, firm in consistency, 
and if squeezed, usually a little clear fluid can be obtained. It 
will be noted that the sweat and sebaceous glands and the hair 
follicles are compressed and as a rule atrophied, while vesicles 
and pustules may occur on the surface, which may be ulcerated 
and covered with crusts. The macules consist of round- celled 
infiltration, with but few large cells, wliich are generally free from 
bacilli. In the spots which during life were anaesthetic, which are 
derived from the macules, the corium is largely converted into 
fibrous connective tissue, which has caused glands and hairs to 
atrophy and disappear. 

The typical lepromatous infiltration may occur, not merely in 
the skin, but in the mucosae of the tongue, pharynx, larynx, epi- 
glottis, and in the submucosae of the intestine. 

The liver, which is usually enlarged, shows a leprous infiltration 
of the portal systems, while the spleen, which also may be enlarged, 
shows the same along the course of its vessels, particularly while 
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they are in the septa, and a similar infiltration may be seen at times 
around the bronchi. 

The ovaries and testes may show infiltrations and fibrosis of the 
interstitial tissue, which destroys the secretory elements, and 
causes the sterility which is usually so marked among lepers. The 
lymphatic glands are often enlarged, infiltrated, and full of bacilli, 
especially the femoral. Nephritis and leprous infiltration of the 
kidneys may be seen. The nerves most commonly affected are the 
palmar branch of the ulnar, the ulnar, the median, the peroneal, 
posterior tibial, and the great auricular. When exposed, the nerve 
is seen to show a fusiform, reddish-grey swelling, which, when 
examined, is found to consist of lepromatous tissue lying among the 
nerve fibres. 

In the spinal cord there may be posterior sclerosis and meningitis, 
though it is doubtful whether these are really due to the disease 
or to some complication. The cells of the posterior cornu have 
been said to be atrophied, as well as those of the anterior cornu, 
in which Lie has found bacilli. 

In the circulatory organs periarteritis and endarteritis are 
met with, while osteomyelitis, necrosis, caries, and absorption of 
the bones may be seen, and will be mentioned again later. Trophic 
changes in the joints and perforating ulcers are met with in the 
nerve form of the disease. 

For a long time the presence of lepromata in the lung was dis- 
puted, but recently it has been proved that the lungs can become 
infected with leprotic lesions. The lesions of leprotic lungs arc 
very similar to those of tubercular lungs, but are more solid, caseate 
less frequently, and are less prone to be destroyed. Some of the 
earliest signs are petechial haemorrhages, which upon microscopical 
examination show a diffuse, small, round-celled infiltration, with 
occasionally a giant cell, but without fibrosis, but with a slight 
cellular exfoliation in the surrounding alveoli and congestion of the 
bloodvessels and capillaries. In these areas there are numerous 
intracellular leprosy bacilli (Wise). In addition there may be an 
acute and at times caseating parenchymatous inflammation or 
chronic diffuse interstitial inflammation. These are distinguished 
from similar tubercular affections by inoculation into guinea-pig? 
with negative results. 

Symptomatology. — The incubation period is entirely unknown, 
and must necessarily remain so until the method of infection and 
the date of the onset of the disease is discovered; hence the state- 
ments made by the different observers that it may last for a few 
weeks or months up to many years. The method of invasion is 
also quite unknown. Sticker suggests that it begins with nasal 
symptoms — blocking of the nose, epistaxis, and frontal headache; 
other observers with skin eruptions. The truth appears to be 
that, so far, the initial lesions and their symptoms, if any, have 
escaped notice,. 

Before the eruption appears there are, in many cases, attacks of 
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fever of an intermittent or irregular character, with a marked 
feeling of general illness, associated with headache and pains in 
different parts of the body, peculiar sensations of cold, formication 
or numbness in various places, and, above all, of abnormal local or 
general perspirations. These attacks of leprotic fever, without any 
definite clinical signs of leprosy, may occur at intervals for years. 
This fever is probably due to the dissemination of the bacilli through 
the body, and may represent a septicaemic process due to the 
Bacillus lepm. 

After the general dissemination through the body, the bacilli 
appear to settle mainly in the skin or in the nerves, though, of 
course, there are many cases in which they settle in both. It is 
therefore convenient to distinguish the two varieties of the disease, 
first differentiated by Danielssen and Boeck — viz., ‘lepra tuber- 
culosa,' or ‘ nodular leprosy,' and ‘ lepra niaculo-anajsthetica,' or 
' smooth leprosy ' — remembering that the division is artificial, and 
that numerous cases exist which show both forms. 

TUBERCULAR LEPROSY. 

After repeated attacks of fever the patient has a more severe one, 
during which an erythematous, diffuse, or macular eruption appears 
on the face and limbs. The fever subsides, and the maculae may 
disappear or thicken and become tubercles, which are dermal lesions 
projecting from the skin or mucosae, in addition to which there are 
subdermal infiltrations, which can be more easily felt than seen. 
If they disappear, it is only for the time, as new maculae will appear 
with a new attack, and sooner or later the thickening will take 
place, and the nodules or tubercles, typical of the disease, will 
appear. Each outbreak of nodules is in some cases preceded by 
an attack of fever, with or without an erysipelatous-like eruption 
in the area to be affected, associated with enlargement of the 
lymphatic glands. In our experience, however, the fever may be 
absent in many cases. 

The nodules may form all over the skin, but are most common 
on the face and limbs. In the former situation they appear on the 
forehead, cheeks, alae of the nose, lobules of the ears, lips, and chin, 
and as they increase in size, totally alter the appearance of the 
patient, defacing the natural facial lines, and forming new furrows 
between adjacent nodules; while at the same time, in many cases, the 
hair of the beard, moustache, and eyebrows drops out. These changes 
result in the countenance becoming like that of a satyr or, when 
the furrows are more marked, like that of a lion; hence the terms 
satyriasis and leontiasis,' which the ancients applied to the disease. 

Eye lesions are more commonly met with in this form of the 
disease, for Borthen, as the result of his investigations, concludes 
that only 8 *08 per cent, of women and i'67 per cent, of men suffer- 
ing from tubercular leprosy escape without some form of disease of 
the eyes or their adnexa. Women are, however, less affected than 
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men, but age shows no influence on the production of eye affections. 
In tubercular leprosy the eye is attacked by genuine leprotic lesions, 
and secondary infections are rare. 

The supraciliary region, as has already been mentioned, is early 
attacked, and complete madarosis is not uncommon, and, later, 
paralysis of the frontalis muscle sets in. The eyelids are often 
attacked by diffuse or nodular lepromata, which may be /merely 



Fig. 727. — Leprosy, showing the;;Erysipelatous-like Eruption 
ON THE Arms and Face. 


extensions from the disease already in the supraciliary region, 
or may be quite distinct lesions. As a result of ulceration of these 
nodules, the eyelids may be destroyed. 

The conjunctiva may be infiltrated, leading to hypera;mia, or, 
more rarely, anaemia, and producing lagophthalmos, ectropion, and, 
if cicatrization takes place, xerophthalmia. 

The episclcm is upt to become infill rs ted along the external 
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aspect of the corneo-sclerotic junction, resulting in white, grey, or 
yellow flattish masses, which spread round the cornea dorsally and 
ventrally, and are prone to invade its tissue in the form of a diffuse 
infiltration, which spreads from the outer side towards the pupil. 

More rarely small spots form on the cornea, giving rise to the 
' keratitis punctata leprosa " of authors. 

The disease may also spread to the uveal region, in the form of 
an infiltration, which causes an anterior or posterior iritis; or, more 



I^iG. 728. Typical Tubercular Leprosy, showing the Leonine Expres- 
sion, THE Thickened Superciliary Ridges, and the Madarosis. 


^rely, nodules may form in the ciliary body or near the canal of 
Fontana, giving rise to an irido-cyclitis or irido-choroiditis. 

Lie has studied the pathology of these lesions, and has shown 
that it IS rare for the optic nerve, the retina, the lens, and the 
vitreous humour to be affected. 

The mucosae of the nose may be attacked, with, first, blocking of 
the passage, and then, when the leproma extends down to the 
cartilage and ulcerates, falling- in or destruction of the nose, with 
much disfiguration of the countenance, resulting from the cica- 
trization which follows the ulceration. The tongue may also be 
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affected, and show numerous tubercles, separated by furrows, or 
it may be simply infiltrated. The walls of the mouth and pharynx 
may become lepromatous, which causes mastication and deglutition 
to be rendered difficult, while the same condition in the larynx 
makes the voice raucous, and may impede respiration, especially 
if there is ulceration and cicatrization. 

The skin pf the hands, arms, and legs also shows numerous raised 



729.- -Diffuse Infiltration of Both Corneas and Deformities 
IN THE Fingers of the Right Hand. 


tubercles, which may ulcerate. The nipple is often infiltrated. 
The submaxillary, cervical, and femoral glands may be enlarged, 
and may suppurate. The testes often become fibrous, and 
menstruation becomes irregular and stops. 

Blood.— In the early stages the blood shows no changes, but later 
it shows a diminution in the erythrocytes and a lowering m the 
colour index. The red cells may show abnormalities m the form ot 
poikilocytes, polychromatophilia, and basophilia. The number ot 
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leucocytes is generally normal, or, according to Bourret, diminished; 
while this observer records an eosinophilia in all stages of the 
diseas#^, which he says may at times be quite considerable. There 
may be leucocytosis during the febrile attack. Neutrophile myelo- 
cytes may also be observed. According to our researches the 
leucocytic formula is extremely variable, and is of no help in the 



Fig. 730. — Leproma of the Tongue. 

diagnosis of the malady. In an early case the differential count 
of 1,000 leucocytes showed polymorphonuclears 52 per cent., large 
mononuclears 38 per cent., small lymphocytes 3*3 per cent., eosino- 
phil es 6 per cent., basophile cells 07 per cent. This agrees with 
Sadi de Buen's observations, who also finds that Arneth's index is 
generally shifted to the left, but who also finds that there is no 
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special leucocytic index. Some authors state that they have found 
the specific bacillus in leucocytes, or, more rarely, free in the peri- 
pheral blood. Wassermann's reaction is, in our experience, at times 
present even in cases where there is no history of syphilis or yaws. 

Urine . — There are not many observations upon the urine. The 
most marked feature is a great increase in the ethereal sulphates. 
Brinton, of Rio de Janeiro, has isolated two ptomaines from the 
urine, one allied to choline and the other to muscarine. 

The nerves may become attacked, and the signs and symptoms 
of nerve leprosy be added to those of the tubercular, forming a 
variety of mixed leprosy. 

The ulcerations generally become marked towards the end of 
the disease. If treated, they cicatrize and produce deformities; 
if left to themselves, they suppurate and produce amyloidosis, or, 
becoming phagedsenic, cause gangrene of the fingers or toes, and 
septic poisoning. 

Complications, in the form of phthisis and amyloidosis, appear, 
causing fever, cough, and expectoration, diarrlioea, and enlargement 
of liver and spleen. 

Unfortunately, in the midst of disease of almost every organ 
of the body, the mind is quite clear; but the patients are most 
irrital)le, and it is not surprising that, under these circumstances, 
the patients of a leper asylum require considerable tact in manage- 
ment, and are often peevish and discontented, and that small 
rebellions occur. 

MACULO-ANiESTHETIC LEPROSY. 

In this form of leprosy the infiltration takes place principally 
into the nerves, with the result that first the fibres are irritated, 
and later they become destroyed. Ihe first stage is therefore one 
of irritation of the nerves, with such symptoms as shooting-pains 
down certain nerves, especially the ulnar and the peroneal, accom- 
panied with sensory disturbances, such as burning, nuinbness, 
formication, along with vasomotor disturbance— e.g., flushings of 
the face, glossy skin — and motor disturbance, such as twitching 
of the muscles, particularly of the face. 

Sooner or later a macular eruption appears, which is looked upon 
by some as due to a lepromatous infiltration of the skin, and by 
others as nervous in origin. This macular eruption may appear 
as flat red spots of various shapes and sizes, neither hypcrasthetic 
nor anesthetic at first, which appear without fever or any general 
disturbance of the health. Other maculae may appear which, 
instead of being red, are simply pigmented, while still others may 
be seen in which the pigmentation is less than usual. In any case 
the spots grow larger, the centres becoming pale, while the peri- 
pheries, which are usually raised, and occasionally marked with 
papules or vesicles, or covered with dry whitish scales, may coalesce 
with other spots, forming large areas. 
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The skin in the affected area becomes anaesthetic; the hairs fall 
out, and wrinkles and scales appear. After a time the areas cease 
to spread, the raised margin disappears, and the disease becomes 
quiescent. 

Meanwhile the infiltration into the nerve trunks has proceeded 
to such an extent that a swelling can be easily felt in certain regions 
— as, for example, in the ulnar behind the internal condyle, in the 
great auricular over the ster no-mastoid, in the peroneal just below 
the head of the fibula, and in other nerves in suitable places if 
affected. With the destruction of the nerve fibres, the hyper- 
aesthetic stage ceases and the anaesthetic stage of the disease begins. 



This is to be noticed along the ulnar side of the hand, forearm, and 
arm, or on the inner side of the foot, first of all, and afterwards in 
other places. It may be segmental in arrangement, restricted to the 
distribution of a nerve, or in patches. At the same time the muscles 
may be found to be paralyzed, notably the interossci of the hands, 
but also those of the foot, if carefully looked for. The lower efferent 
neurones being affected, the symptoms resemble those of muscular 
atrophy of the Aran-Duchenne type, with the production of the 
main-en-griffe and the extension of the paralysis to the muscles of 
the forearm, and even at times, according to Jeanselmc, to the 
deltoid. As a result of the paralysis of the muscles of the fore- 
arm the occurrence of dropped wrist is not uncommon. 
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In the lower limb the plantar muscles of the toes maybe affected, 
while the spread of the paralysis to the peronei and extensors may 
result in a dropped foot with an internal twist. The reflexes are 
exaggerated at first, but when paralysis sets in they diminish, and 
when the muscles waste, the reaction of degeneration ma}^ be 
obtained electrically. 



Fig. 732. — Maculo-An.®sthetic Leprosy. 

Trophic lesions may also appear in the form of whitlows in the 
fingers and necrosis of the phalanges, or, instead of this, a simple 
absorption of the bone of the phalanx or metacarpal, so that the 
nail may ultimately appear to spring from the metacarpal, the 
wrist, or even, it has been said, from the elbow. Similar trophic 
lesions may appear in the foot. Bullae may appear on the hands 
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or feet^ and when broken may form ulcers. Injuries to anaesthetic 
areas may also result in ulcers, which may be of the perforating 
type. Fissures may form in the digits, hands, or feet, and, more 
rarely, dry gangrene may cause loss of the fingers or toes, or greater 
portions of the limbs, and, still more rarely, the bones of the 
fingers will soften and become osteomalacic. Trophic lesions of 
the elbow or knee, like Charcot's joints, have been recorded.''- 

Jeanselme, Bourret, and one of us have studied the cerebro- 
spinal fluid, and have found in a few cases a lymphocytosis, but 
more usually no cells or bacilli. 

The eye is far less comm onlyaffected than in t he tubercular variety, 
Borthen's figures showing that in anaesthetic leprosy no less than 
36*83 per cent, of the female cases and 26-80 per cent, of the male 
cases escape without eye complications. True leprotic lesions are 



Fi i. 733. — Leprosy: Ulcer of the Foot. 

much rarer, the eye being damaged by secondary infections brought 
about by the absence of the lachrymal secretion and the lagoph- 
thalmos. The forehead and supraciliary regions are often red- 
dened and oedematous, but complete madarosis is rare; while 
paralysis of the frontalis, corrugator supercilii, and orbicularis 
palpebrarum cause lagophthalmos and ectropion; and as there is 
a diminution in the secretion of tears, xerophthalmia with posterior 
or total symblepharon, while desiccation and destruction of the 
cornea may result. 

Secondary infections may lead to keratitis, onyx, hypopyon, 
iritis, irido-cyclitis, and destruction of the eye. 

Sterility is not so frequent in nerve as in tubercular leprosy. 
The skin may become infected at an early or late stage of nerve 
leprosy, thus forming one of the types of mixed leprosy. 
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Mixed Leprosy. 

This terra has been used to comprise those cases of tubercular 
leprosy which develop nerve symptoms, and those of maculo- 
anaesthetic leprosy which develop nodules, as well as those general 
cases in which both nerve and skin lesions advance hand in hand. 

Paraleprosis. 

Zarabaco, Von Diihring, Gliick, Leboeuf, and others have drawn 
attention to various phenomena indicating an attenuated in- 
fection in regions in which leprosy has long existed. These 
conditions are mostly nerve or trophic changes — e.g., thickening of 
the ulnar nerve, the curving of the fingers, the loss of phalanges, the 
atrophy of the muscles of the hand or face, which are present in the 
children or grande liildren of lepers. Further, it is believed by some 
authors that syringomyelia and Morvan's disease may be modified 
forms of leprosy. JParaleprosis, however, requires further investiga- 
tion. 

Complications. — The important complications of leprosy are 
nephritis, phthisis, chronic enteritis, and dysentery. Amyloidosis 
occurs in the internal organs if there is much discharge from 
ulcerated surfaces. An interesting case of mixed infection — 
leprosy and syphilis — has been described by Frugoni. 

Diagnosis. — The diagnosis of cases of the nodular type is generally 
easy, and may bo readily confirmed bacteriologically by excision of 
a nodule and microscopical examination of a portion for Hansen's 
bacillus. The diagnosis of the maculo-anansthetic cases presents 
greater difficulties, especially as in most cases the bacteriological 
examination of excised portions of the patches will give a negative 
result, though occasionally the examination of the blood taken from 
the patches or the surrounding zone may show a few mononuclear 
leucocytes containing bacilli. In these cases the diagnosis must 
be based on the presence of anaesthesia in the erythematous, non- 
pigmented, or hyperpigment ed patches. Another valuable sign 
will be, in many cases, the palpable enlargement of the ulnar, 
peroneal, and other nerves. The search for the lepra bacillus in 
the nasal mucus is sometimes useful to clear the diagnosis. This 
method of diagnosis may be facilitated by administering a full dose 
(30 grains) of iodide of potassium, w’hich often produces nasal catarrh. 
Sometimes this drug produces a general reaction accompanied by 
fever, and the appearance of fresh nodules. Leboeuf, acting on 
Marchoux's suggestion, has found Hansen's bacillus in the enlarged 
superficial lymphatic glands, and recommends the examination of 
the gland juice as a method of diagnosis. It is to be noted, how- 
ever, that this examination will give a positive result much more 
frequently in nodular cases than in the macular type of the disease. 

Chujo recommends drawing 5 c.c. of blood from the arm, diluting it with 
203 c.c. of a 3 per cent, solution of acetic acid, avoiding contact with the air. 
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The microscopical examination would give more than 50 per cent, of positive 
results. 

Some authors recommend the blistering of the skin, and examination of 
the liquid of the blebs for the presence of Hansen’s bacillus. Thompson 
recommends lor diagnostic purposes the injection of pilocarpine, with the 
view of discovering dry areas in the sweating skin. 

Differential Diagnosis. — In countries where leprosy is endemic, 
other diseases are liable to be mistaken for it. One of the diseases 
most frequently mistaken, as has been pointed out by Powell and 
others, is framboesia, which may be recognized by the presence of 
the Treponema pertenue and the framba'siform appearance of the 
nodules. Leucodermic patches and morphaa are also occasionally 
mistaken for leprosy, but in such conditions there is no ana'sthesia. 

Prognosis. — The prognosis is not good. The probability of a 
permanent cure is slight, but the disease may last a long time. 
Four to twelve years is laid down for the mixed or tubercular 
leprosy, and longer for the maculo-anaesthetic, and during that 
time a great deal can be done by appropriate treatment; and, 
indeed, the disease may be stopped for the time being, only, 
usually, to recur again. It has been shown by Lie that, even when 
all the skin eruptions have disappeared, and the patient is only 
troubled by anaesthesia, and the atrophy of the muscles, and may 
be thought to be cured, still the bacilli are present in the nerves 
and spinal cord. 

Leboeuf from his recent investigations in New Caledonia has come to the 
conclusion that in a certain number of cases showing slight symptoms, an 
actual cure takes place. 

Treatment.— So far no specific treatment has been found, though 
Carrasquilla attemj)ted to prepare a serum by the injection of the 
blood of lepers into equines, and Abrahams and Hermann by 
inoculating the juice from lepromata into an animal. These sera 
have been found useless. Rost prepared a substance, which he 
called ‘ leprolin,' on the lines of tuberculin, but, unfortunately, 
the bacillus he was using was not the leprosy organism. Clegg’s 
vaccine and Bayon’s extract of Kedrowsky’s strain have not been 
very successful. Tuberculin has been tried without success, and, 
in fact, very serious symptoms may follow its injection. 

Chatdmoogra Oil. — As regards symptomatic treatment, there is 
no doubt as to the great value of Chaulmoogra oil, which is said to 
be obtained by cold expression from the seeds of some species of 
Gynocardia {vide infra), but may be adulterated with other oils, 
especially that of Hydnocarpus wightiana, or may be altered by being 
expressed when heated. It should be rubbed into the diseased 
patches, and also given internally in doses of 5 to 10 minims, 
working up gradually to 30 to 60 minims, in capsules, or in a pill 
with tragacanth and soap, or in an emulsion, or as Engel-antileprol 
capsules. To remove the after-taste a lime can be sucked. This 
treatment must be persisted in for a very long time, and should be 
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combined with hot baths, and, in nerve cases, with doses of strych- 
nine, grain three times a day, which may gradually be increased. 
After a length of time it is as well to make a slight break in the 
treatment, to prevent toleration, and therefore Unna's ointment of 
ichthyol, 5 per cent.; salicylic acid, 2 per cent.; and pyrogallol, 
5 per cent., or some other ointment, may be temporarily substituted. 
But the Chaulmoogra oil must not be long discontinued, and must 
be persisted in for two years or longer if any good is to be obtained. 

The oil may be given hypodermically, but is badly absorbed. 
To facilitate its absorption Heiser has successfully combined it with 
camphorated oil, and Mercado has combined the mixture with the 
resorcin formula of Unna. Heiser’s present formula is — 

Chaulmoogra oil . . 60 c.c. 

Camphorated oil . . . . 60 , , 

Resorcin . . . . . . grins. 4 

Mix and dissolve with the aid of heat on a water bath and tLen filter. 

The injections are made in the gluteal region, at weekly intervals, 
in ascending doses, one to five or ten cubic cennmetres. During 
the treatment the patient takes a hot sodium bicarbonate bath 
(2 per cent.) every other day. The results are fairly satisfactory. 
Sodium Gynocardate. — Rogers recommends the intravenous in- 
jections of sodium gynocardate, which is supplied in sterile vials by 
Smith, Stanistreet and Co. in doses of iV grain and upwards. There 
is a definite reaction, local and general, after tlie injection. He also 
gives gynocardic acid and sodium gynocardate orally in 2 grain 
pills after meals, or by subcutaneous injection. 

Neumann has advised the combination of salve and theonin with Chaul- 
moogra, given either by the mouth or hypodermically, but the advantages 
are doubtful, and llollmann has recommended the use of eucalyptus oil in 
conjunction with opia leaves {Jambos malaccenois) or with Chaulmoogra oil. 

Sources of Chaulmoogra Oil. — According to Ghosh, true Chaulmoogra is 
Taractogenes kurzii from Burma and Assam; false Chaulmoogra is Gynocardia 
odorata from Sikkim, Assam, and Chittagong; other Chaulmoogras are Asteri- 
astigma macrocarpa, Hydnocarpus venenatus, H. wightianus, H. anthclminticus . 
The oil known in Europe as Chaulmoogra is said never to come from G. odorata. 

Cod-liver Oil and Sodium Morrhnatc. — Cod-liver oil is occasionally 
beneficial. Rogers recommends an intramuscular injection (i to 3 c.c.) 
every other day of a 3 per cent, solution of sodium morrhuate. 

Other remedies are legion — e.g., X rays have been well spoken 
of, but must be pushed to the extent of almost burning the patient. 
A lo-inch spark-coil with a bifocal tube, situate 7 to 10 inches 
from the lesion, has been used. Hypodermic injections of per- 
chloride of mercury, as advocated by Crocker (o*oi gramme every 
other day), have been found satisfactory at times — a treatment 
which we recommend in cases at the very beginning of the disease. 

Cashew nuts (Beauperthuy treatment) have been applied to the lepromata 
with the idea of local caustic action. Thyroid gland, salol, salicylates, arsenic, 
Gurjun oil, chlorate of potash, iodine, hypodermic injections of iodoform, 
have all been tried and found wanting. 

105 
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Hypodermic injections of ‘ nastin " have been tried. This is 
a fatty principle extracted by Deycke from cultures of a strep- 
tothrix {Streptothrix lepr aides), which he found in the nodules 
of leprotic patients. The nastin is combined witli benzoyl chloride, 
and made into ampoules with sterilized olive oil by Kolle and 
Company, of Biebrich, on the Rhine. Each ampoule contains from 
0*0005 to 0*0002 gramme of nastin, which is to be injected once a 
week, and in the small doses produces no local reaction, but in the 
larger dose causes considerable local inflammation. Deycke' s 
views as to the method of action are that the nastin attaches itself 
to the lepra bacillus, and then the benzoyl acts on the bacillus, 
damaging it by removal of its fat, when the normal fluids of the 
body complete its destruction. 

Wise and Minett and others have reported unfavourably on this 
treatment, but recommend benzoyl chloride in petroleum oil as a 
valuable nasal spray or paint, as it renders the discharge from the 
nose free from bacilli. 

Castellani and Woolley, and more recently Nicliolls, have tried 
a vaccine prej^ared by triturating nodides rich in bacilli in salt 
solution or broth, then filtering through gauze, and finally heating 
to 60'' C. for an hour. 

Pasini has tried Fin sen light, and Bcurniann radium, with good results, and 
1 >u(iuc, Moreno, and i^adilla have obtained considerable improvement, and it is 
said cures, by treatment with decoctions ol 20 to Go grammes or 2 to 5 grammes 
of the ])owiiered mangrove Rhizophora mangle, which, given in small doses 
at first, and gradually increased, arc well stood, and produce a gradual 
improvement in the symptoms; and in the course of a year, it is said, cases 
may be cured. A. Bertarelli has obtained temporary good results by treating 
a patient with hypodermic injections of a solution ol carbolic acid. Wellman 
and Rocamara havr tried salvarsan , and claim good residts. Maxwell has tried 
Williams' leprolin and Malegin Sprcnglcr's I.K. Lepra with good results. 
Sugai ri'commends intravenous injections of a solution of x>otassium cupro- 
cyanide. 

Surgical treatment on the ordinary lines is required for ulcers, 
whitlows, etc. Eye lesions should be treated as though the disease 
was nou-leprous, and should not be neglected. Grossmann thinks 
that leprous inflltration might be arrested by the production of 
cicatricial tissue, by a corneal or pericorneal incision. 

With regard to otlier measures, lepers should be provided with 
plenty of fresh air and good food, and their quarters should be 
kept strictly clean. Care should also be taken that they are 
supplied with some form of light work and eirnusement, and the 
institution of rural colonies, provided they are well supervised, is 
to be recommended. 

Prophylaxis. — Beyond isolation and antiseptic precautions after 
handling leprous people, nothing more can be done, as so little is 
known about the causation of the disease. The financial burden of 
isolating large numbers of lepers is very heavy. Hence the diffi- 
culty of carrying out this very necessary method of protection 
completely and efficiently. 
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HISTOPLASMOSIS 


Definition — History — /Etiology — Pathology — Morbid anatomy — Symptoma- 
tology — ^Treatment — References . 

Definition. — Histoplasmosis is an acute specific infection caused 
by Histoplasma capsnlatum Darling {Crypfococcus capsulatus 
Darling). 

History. — This disease has been described by Darling, who also 
found the parasite, but being first discovered post mortem, the 
clinical signs are rather deficient. The first case was in a negro 
who, three months previously, had come from Martinique to the 
Canal zone of Panama. 

etiology. — The disease is caused by the parasite Histoplasma 
capsiilaiim Darling, which was at first considered to be a proto- 
zoon, but is now believed to be a fungus {Crypiococctis capstdatus 
Darling, p. loyG). 

Pathology. — The parasite infects epithelial and endothelial cells 
of the lungs, liver, and spleen. It also exists free in these organs. 
In the lungs it gives rise to pseudo-tubercles rcseml)hng miliary 
tubercles. 

Morbid Anatomy.^ — In the first case there were ecchymoses and 
small nodules beneath the visceral pleura of both lungs, which was 
studded throughout with pale grey hyaline and miliary tubercles, 
2 to 3 millimetres in diameter, while the remainder of the organs were 
of a bright red colour. The peribronchial glands were full of soft 
caseated tubercles. The heart was small, but normal. The liver 
was enlarged, pale, and in a condition of slight atrophic cirrhosis. 
The spleen was enlarged to about three times its usual size, very 
firm, with distinct Malpigliian bodies. The kidne^^s were slightly 
cirrhotic: the pancreas, bladder, bone-marrow, and brain were 
normal, and no tubercle bacilli could be found. 

Microscopically the lung tubercles were found to consist of 
alveoli, the walls of which were broken and collapsed, and were 
filled with alveolar epithelial cells distended with parasites. In the 
liver the hepatic cells and the vascular endothelial cells were much 
infected with parasites. Some areas which stained badly were 
found to consist simply of the debris of cells with numerous para- 
sites. The spleen showed intracellular and free parasites. 

1669 



1670 


HISTOPLASMOSIS 


Symptomatology. — Tlie symptoms closely resemble those of 
Indian kala-azar, then' being irregular fever with enlargement 
of the Spleen and liver, and severe anmnia with marked leuco- 

penia. x x 

Treatment. -Nothing is known as 1 0 tlie treatment or prophylaxis. 


REFERENCES. 

Darling (igoy). Journal of American Medical Association. 
Darling (1909). JournaJ of Experimental Medicine. 



CHAPTER LXXI 

BERI-BERI AND EPIDEMIC DROPSY 

Bcri-bcri — Jnfiintile bcri-beri — Epidemic dropsy — Potici's disease — 

References. 

BERI-BERI. 

Synonyms. — Polyneuritis Endemica, Neuritis Multiplex Endcmiea, Hydrops 
Asthmaticus, Syncloniis Beribcria, Myelopatliia Tropica Scorbutica, Para- 
plegia Mephitica, Sero-plithisis Perniciosa Eiidcmica, Paniicuritio Endemica, 
Berbiers, Kakke (signifying a disease of the legs in Japan and China), Loempoe 
(Java), Kaki-leni-but, Hinchazon dclos Negros y Chinos, Maladie des Sucreries 
(French Antilles), Hinchazon (Cuba), Incha^ao, or Pernein.j (Brazil). 

Etymology. — The word ' beri-beri ' is said to be derived from the 
Sinhalese term, meaning ‘ cannot,' which is used as a phrase, 
which means ' I cannot,' employed in the sense that the person is too 
ill to do anylliing. There is another Sinhalese word which may 
equally be translated as 'cannot,' but Ibis means that the person 
is unwilling to do somcfhing, not that he is too ill to do it. It is 
possible that the above interpretation of tlic word is correct, for 
Ceylon has long been in the hands of Europeans — e.g., Portuguese, 
Dutch, and English — and therefore a term used therein would be 
widespread. Tlierc is no doubt lhat the word covered a large 
number of diseases, from which a definite pathological entity has 
gradually been separated out. It is to be noted, however, that — 
at all events, at the present time — the disease does not exist em 
demically in Ceylon, where there are only imported cases. 

Definition. — Beri-beri is an acute or chronic, endemic or epidemic, 
disease, of unknown causation, wliich is characterized by degenera- 
tion of many peripheral nerves, especially the vagi, the phrenics, and 
those of the limbs, associated with gastro-iiitestinal disturbance, 
cardiac disturbance, and oedema. 

History. — According to Scheube, it is possible that the first men- 
tion of beri-beri is to be found in the accounts given by Strabo and 
Pio Cassius of a disease which attacke d a Roman army in 24 B.c. in 
Arabia. Kakke is also mentioned in a Chinese pamphlet belonging 
to the second century of the present era, and is minutely described 
in another belonging to the seventh century, while it is recorded as 
occurring in Japan in the ninth century. In the tenth century a 
distinction was made between the atrophic, dry, or paralytic, and 
the hypertrophic, wet, or drop.sical forms of the complaint. 

In 1758-59 Bontius was the first European doctor to give an 
account of the disease, which he described under the term ‘ beri-beri.' 
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Later, Tulpias, a Dutch physician, also described the symptoms of 
the disease as seen in a person who had returned to Holland from 
the Indies. From that time the literature on ben-ben has grown 
until it has reached enormous proportions, but unfortunately there 
is no doubt that until recently several diseases, especially ankylo- 
stomiasis and epidemic dropsy, were confounded with it. Rogers 
in 1808, and later Davy, described the disease as ' beri-beria/ while 
the latter says that it is almost peculiar to Ceylon. There is little 
doubt that the condition described by Davy was in reality ankylo- 


stomiasis. 

In 1847 Carter gave a description of the disease, indicating asthma 
as the principal feature, probably because of the cardiac dyspnea. 
In 1873 Fayrer laid great stress on oedema as the important clinical 
feature. In 1877 Wernich defined the disease kakke in Japan, 
while van Meedervoort showed that it was the same disease as 
beri-beri. In 1886 Kynsey published an account of the anamia or 
beri-beri of Ceylon, by which he really meant ankylostomiasis; 
hence the idea that beri-beri was due to Ancylostoma duodenale, 
and hence the large number of cases of so-called beri-beri in Ceylon 


years ago. 

The scientific and clinical study of the disease has been largely 
due to the work of Oudenhoven, Da Sylva Lima, Overbeck de 
Rieyer, Baclz , Scheube , Pekelharing and Wi nckler, Hamilt on W right , 
Jataki, Braddon, Fraser and Stanton. The workers on the aetiology 
of the disease are so numerous that this part of the history is best 
treated in the section on the causation. 

Beri-beri is in certain regions a most serious disease. Thus 
Braddon says that in the Straits Settlements and Malaya, where 
the population is only 1,250,000, no less than 150,000 cases of the 
disease, with 30,000 deaths, have occurred in Government hospilals 
and infirmaries in tlie last twenty years; but he says that only 
one-third of the deaths of Chinese took place in those hospitals, and 
therefore the total deaths in that period would be about 100,000. 
It is also a great element in inefficiency, for it is reckoned that 
33 per cent, of the sailors of the Japanese Navy prior to 1884 were 
continuously disabled by it. In 1904-05 it is said that 24 per 
cent, of the entire sick and wounded in the Japanese armies — 
i.G., about 85,000 men — were also disabled by it. It is obvious, 
therefore, that the disease is of great medical and economic interest, 
for its incidence particularly falls upon the labourer, the sailor, the 
soldier, and the prisoners in the gaols, and hence hampers both the 
employer of labour and the Government. Braddon estimates the 
cost of the disease to the Government of Malaya as £10,000 per 
annum in direct hospital charges only. 

Much work has been done by Eijkman, Vordcman, Fraser, Stanton, 
Funk, and many other observers, with the result that the consensus 
of opinion at the present time is that beri-beri is adeficiency disease 
— i,e., is caused by the deficiency of some essential substance in 
the dietary Chapter IV., p. 109). 
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In 1913 Cooper, and in 1917 Chick and Hume, studied the subject 
of vitamines, the two latter especially dealing with beri-beri 
vitamine. 

Climatology. — ^The endemic centre of beri-beri appears to be 
Eastern Asia, Japan, China, the Philippine Islands, Indo-China, 
Java, and Malaya. It is also said to occur in Brazil and, according 
to Plehn, in Reunion, Mauritius, Nossi-be, Zanzibar, Cape Colony, 
Senegal, Angola, the Congo Free Stale, and the Cameroons. We 
have met with the disease on the Gold Coast in Chinese miners, but 
have not noted it in the native population, thougli it may possibly 
exist. Isolated epidemics, sporadic or imported cases, occur in 
England, Ireland, and other parts of Europe, the United States, 
Canada, and in Ceylon. In the last-named place it is now almost 
entirely absent, and, indeed, it is possible that many of the cases 
reported years ago may have been ankylostomiasis or some other 
disease. Imported cases from India and China are frequently met 
with in Colombo, owing to its possessing a large harbour where 
numerous vessels, with Chinese and Indian crews, call. 

It is believed that the Bihimbo disease of the Chaka district of 
Uganda is beri-beri. The disease known in that country as mun- 
hiyo, and believed at one time to be beri-beri, has been demon- 
strated to be Malta fever. In the tropics it is said to occur more 
often in the cool wet months. 

i^tiology. — The causation of beri-beri is at the present time 
believed to be due to the deficiency of some essential substance in 
the food, but as may be imagined in such a widespread and fatal 
disorder, the investigators have been many, and hence the theories 
are legion. In order to comprehend the present state of the ques- 
tion, it is necessary very briefly to review a few of these theories, 
which will be best done by following a method of classification, 

A. Physical Cause. — The older writers, like Davy, considered that it was 
brought about by some unusual state of the atmosphere, but they said, 
honestly, that this was merely a cloak for their ignorance of the true cause. 

B. Chemical Causes. — The chemical causes which have been advanced are: — 

1. Arsenical poisoning (Ross). 

2. Oxalate poisoning (Treutlein). 

3. Carbon dioxide poisoning (Ashmead) . 

4. Food poisoning: — 

(a) Ichthyotoxismus (Grimm and Miura). 

ib) Sitotoxismus (Eijkman, Vorderman, Yamagiwa, Van 
v Dieren); rice (Gelpk' Braddon); lathyrism (Le Roy de 
M6ricourt) . 

5. Some deficiency in the food : — 

(a) Deficient nitrogenous complex (vitamine) (Eijkman. 
Fraser, and Stanton). 

[h] Deficient nitrogen (Takaki). 

(c) Deficient fat (Br6maud and Laurent). 

,(^?) Deficient vegetables, together with an infection (Fales). 

(e) 1 )eficient phosphorus. 

If) Deficient ( bolesferin (Chrisostem). 

6. An intoxication from a germ living outside the body (Manson). 

7. An intoxication or an auto-intoxication (Duerck). 
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1. Arsenical Poisoning. — R. Ross, in 1900 and subsequent years, drew 
attention to the similarity between beri-beri and the arsenical poisoning which 
at that time was prevalent throughout Lancashire, being brought about 
through the agency of arsenical beer. He further supported this by finding 
arsenic in the hair in recent, but not in old, cases of the disease in Penang, and 
woke up a controversy as to whether arsenic existed in normal hair or not. But 
apart from the obvious reasons against this theory as an explanation for such 
a widespread disease, Herzog has definitely shown that no arsenic could be 
found in the hair of ten cases of different ty}:>es of the disease. There is no 
doubt that cases of chronic arsenical poisoning do occur in the tropics, as we 
have seen, particularly in Europeans who have had to live for a long time on 
tinned food, but these cases are not beri-beri. 

2. Oxalate Poisoning. — The oxalate theory is based upon the fact that 
Maurer and Treutlein were able to produce a condition resembling beri-beri 
in fowls by giving them oxalic acid in their food. The latter observer con- 
sidered that the acid removed the calcium salts from the body of these animals, 
and caused thereby a degeneration of the peripheral nerves and heart muscle, 
and considered that this was proved by curing them by the administration 
of calcium salts. Further, he showed that there was an excessive excretion 
of calcium in the urine of beri-beri patients. But polyneuritis has been 
produced in fowls by Eijkman by feeding them with cooked rice, and it is 
possible that neither oxalic acid nor rice, but an infection, was the cause of 
the disease, which may, of course, be quite different from true beri-beri. 

3. Carbon Dioxide Poisoning. — Ashmead believes that the disease is 
caused by the excessive inhalation of carbon dioxide, but outbreaks occur 
without any overcrowding, as we have seen ourselves. 

4. Food Poisoning — (a) Ichihyoioxismus. — Grimm considers the ingestion 
of raw fish to be the cause of the disease, and Miura the consumption of 
species of the Scombridae; but Wright has shown that in the gaol at Kwala 
Lumpur, the disease infected forty-nine prisoners when no fish had been 
given foi eight months. 

{h) Sitoioxismiis. — Rice poi.soningat present is the favourite theoi y, and has 
had many supporters. Thus Eijkman and Vorderman consider that it is 
due to eating rice without husk, which is the natural protection. Gelpkc 
considers that it is due to stale or badly-kept rice. Yamagiwa considers it 
due to rice improperly stored and preserved, as it occurs even when this rice 
is well boiled. Braddon, who is often wrongly quoted, ascribes the disease 
to the ingestion of a poison found in the rice, which is the result of the specific 
product of some organism — epiphyte or parasite — but he does not believe 
that the disease is due to the ingestion of the organism. Contrary to Eijkman 
and Vorderman, Braddon looks upon the husk as the dangerous element, as 
it is in this that the germ grows. 

But the disease has been observed, according to Scheubc, who quotes 
Fiebig and VoortliTiis, in Brazil, the Moluccas and Liugga, where the people 
live on sago, fish, and game, and where the attac'ked Europeans had never 
eaten rice. 

Travers details an interesting observation on this point concerning an 
epidemic of beri-beri in the Pudoh Gaol of Kwala Lumpur, in August, 1895, 
when some of the cases were transferred to the Old Gaol, one and a half 
miles distant, on October r, 1895, because the mortality in the Pudoh Gaol 
was extremely high; and on October 25, 1895, sixty’’ prisoners, showing no 
signs of the disease, and apparently in good health, were similarly transferred. 
From October i to December 14, 1895, all food supplied to the healthy 
prisoners in the Old Gaol, as well as to the beri-beri patients transferred from 
the Pudoh Gaol, was cooked in the Pudoh Gaol with the food for the other 
prisoners who were suffering from the disease. 

This food was carried to the Old Gaol twice daily, and the diet was exactly 
the same in both gaols, the rice being taken out of the same Ifag and cooked 
in the same steamer. Further, it appears from Braddon's remarks that in 
1895 a new scale of ordinary diets, with an increased amount of rice, was 
allowed, fresh fish was replaced by salted, and beans were omitted, and 
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Braddon considers that it was this increase of the rice that increased the 
poison and made people ill; but this ought to apply to both places. 

Moreover, Braddon considers deductions adverse to rice in the above 
experiment to be fallacious, for he holds that the length of period of incar- 
ceration of the above prisoners is an important factor; for the liability to 
acquire the disease, he says, increases with and varies directly according 
to the length of the time served in prison, which must be more than six months. 
He points out that it is not stated how many long-sentence prisoners were 
sent to the Old Gaol, which he thinks may not have been more than two or 
three; and concerning these, he says, there is no proof that any of them 
were kept for the period necessary to acquire the disease by rice intoxica- 
tion. He therefore concludes that Travers' experience affords no ground 
for opposing the theory that beri-beri is incurred through the consumption 
of certain sorts of rice. 

5. Some Deficiency in the Food — [a) Deficiency of Certain 
Nitrogenous Complexes . — There is a growing tendency to consider 
that certain diseases — e.g., beri-beri, polyneuritis of birds, epidemic 
dropsy, scurvy, experimental scurvy, infantile scurvy, and ship 
beri-beri— -are diseases due to the deficiency in some essential sub- 
stance in the food. These diseases Funk classifies together as 
‘ deficiency disease,' and characterizes them by certain genera 
symptoms — e.g., (i) Cachexia, with great loss of weight; (2) marked 
nervous symptoms, generally of the nature of peripheral neuritis. 
He divides these diseases into two groups — the beri-beri group 
comprising beri-beri, polyneuritis in birds, and epidemic dropsy; 
and the scurvy group. 

With regard to beri-beri, as already pointed out, Braddon drew 
attention to the importance of rice as an <Ttiological factor. Fijk- 
man in 1897 had shown that it could be prevented and cured by 
the use of hand-milled rice. Prisoners fed upon red rice escaped, 
and those on white rice were very prone to take the disease. Fraser 
and Stanton showed that members of gangs of coolies, who had 
previously remained quite healthy, developed beri-beri when fed 
on white rice, while other members fed on brown rice remained 
healthy. Strong and Grower observed that in eight out of seven- 
teen prisoners fed on white rice, symptoms of beri-beri appeared 
in from 61 to 75 days. The difference between these two forms of 
rice is that the white rice is deprived of its subpericarpal layers 
[vide pp. 104 and 105) by the process of milling. 

These layers contain a substance called by Funk beri-beri vita- 
mine, which is probably a base belonging to the pyrainidine group, 
and has the formula — 

NH\ 

CO 

and not Ci7Hig04N(HN0g), as previously stated. This substance 
is soluble in water, alcohol, and acidulated alcohol, is dialyzable, 
and can be destroyed by heating to 130° C. It is present in the 
proportion of ot gramme to the kilogramme of rice. According to 
Funk, this substance is essential for the metabolism of nervous 
tissue; and if it is not present in the dietary, must be supplied by the 
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animal body, and if this fails, the nervous tissues begin to break 
down, and as a result the signs and symptoms of beri-bcri appear. 

Fraser and Stanton believe that the phosphorus content of the 
rice is a good index as to whether it is harmless or harmful. A safe 
rice yields more than 0-4 per cent, of phosphorus pentoxide, while 
a dangerous rice yields less than this figure. Chamberlain and 
Vedder have suggested that potassium should be used instead of 
phosphorus for standardization purposes. 

With regard to these findings there is an almost unanimous 
support from all sides, but the Philippine investigators, while 
believing that their studies support the polished rice theory, bring 
forward the curious fact that beri-beri began to diminish among 
their Native Scouts during the last half year of 1910 without any 
decrease in the general incidence of the disease in the islands, and 
four months before the use of under -milled rice ivas introduced into the 
dietary, riicy consider that the reduction was either due to 
unknown causes acting coincidentally with a reduction in the 
amount of rice in the dietary, together with the addition of a 
legume, or was due directly to these dietetic changes. 

Eijkman, Braddon, Fraser, Stanton, Vedder, and Chamberlain 
have done sufficient work to make imperative the use of brown rice 
cooked in ordinary vessels, and the exclusion of the white rice as 
a staple article of food. 

Edie, Evans, Moore, Simpson, and Webster have separated an 
antineuritic base called ' torulin ’ — N(CH3b^C4H702(HN03) — from 
yeast, and Tliomson and Simpson have noted rapid recovery of 
patients placed on a full diet, and given i ounce of yeast and 
200 grammes of kat j angido-beans daily. 

Heiser reports that after being present for five years in the 
Culion Leper Colony in the Philippines, beri-beri disappeared in 
nine months on a dietary of unpolished rice. 

In 1917 Chick and Hume showed that in order to keep a man in 
health there must be (^7) a suitably proportioned supply of protein, 
fat, carbohydrate, salts, and water; (/;) an adequate amount of vita- 
mines; and that these two factors could not replace one another. 
The vit amines of importance in beri-beri they call ‘ antineuritic or 
anti-beri-beri,' as the first term covers the polyneuritis in fowls. 
Neither vitamine has yet been isolated in a pure condition. Pigeons 
deprived of anti-beri-beri vitamine develop acute polyneuritis in 
fifteen to twenty-five days. The principal source of this vitamine 
is the seeds of cereals and pulses. In the former it is mainly de- 
posited in the germ or embryo of the grain and to a less extent in the 
grain. It is also found in eggs and yeast. It can withstand drying 
and also temperatures of 100'’ C., but is destroyed at 120® C. The 
deduction is that, in order to prevent beri-beri, bread and biscuit 
should be made from the germ-containing or wholemeal flour. 
Antineuritic vitamines cannot be expected to survive in tinned 
or sterilized foods; hence the necessity in armies to supply vitamine 
from other sources. 



MTIOLOGY 


1677 


The deficiency theory in some form is at the present time accepted 
all over the world, but there are still some observers who think 
that there may be more than one form of disease concealed under the 
name beri-beri. 

The following objections have been raised against the food theory: — 

(1) Beri-beri may occur in people who do not feed on rice. We have 

seen an epidemic among othcers on a man-of-war. 

(2) The geographical distribution. In populations eating the same kind 

of rice some suffer from beri-beri and others do not. 

(3) Tamil coolies in Ceylon do not get beri-beri, though they suffer 

from this disease in the Straits Settlements. In boi-h countries 
they are mostly supplied with the same kind of rice (Rangoon rice) . 

(4) People recoveied from beri-beri go back to their usual rice diet without 

again suffering from tie disease. Thus in the Maia}^ States the 
mortality is only 20 per cent.; therelore 80 per cent, of sufferers 
recover. Do these people change their diet ? 

Fraga, having failed to produce beri-beri in prisoners fed on polished rice, 
believes that dietary deficiency acts merely as a predisposing cause. 

(Z>) Deficient Nitrogen. — Previous to 18S4, 33 per cent, of the sailors in the 
Japanese Navy were disabled owing to beri beri. 

In 1883 the Ryujo, a Japanese warsliip, went on a voyage of 271 days to 
New Zealand and South America, and developed 160 cases of the disease 
out of a crew of 350 men. Takaki investigated this outbreak, and came 
to the conclusion that there was too little nitrogen in the diet, the nutritive 
value of which was: Proteids, 109*29 grammes; fats, 15*8 grammes; carbo- 
hydrates, 622*32 grammes. He therefore changed the diet to: proteids, 
196 grammes; fats, 43 grammes; and carbohydrates, 775 grammes; and on 
this dietary the warship Taukuba was sent the same cruise, taking 287 days, 
and only suffered from sixteen cases of the disease. Takaki attributed 
the success to the increased nitrogen, a portion of the rice being replaced 
by corn or bread; but Fales has pointed out that fresh vegetables were in- 
creased from 215 grammes to 450 grammes, and that therefore nitrogen 
alone may not have been the cause of the decrease of the disease. This 
dietary was applied to the Japanese Army and Navy, and beri-beri decreased 
enormously. But Baelz has pointed out that this decrease was associated 
with a great improvement in general hygiene, and that it also rook place 
in barracks in which the food had not been changed. A similar decrease in 
the Dutch-Indian Navy, associated with a better diet, was attributed by some 
to the improved hygiene rather than to the diet. 

(c) Deficient Fat. — Br6maud and Laurent believe that the disease is due to 
too little fat in the food, and consider that an epidemic at Chaudabum, in 
Siam, was stopped by causing fat to be more freely consumed by the healthy. 
This theory, however, has found but little support. 

{d) Deficient Vegetables, together with aji Infection . — Fales, from a study of 
an outbreak of an epidemic of beri-beri in the Bihbid Prison, in Manila, came 
to the conclusion that the lack of fresh vegetables conduced powerfully to 
both beri-beri and scurvy. 

In November, 1901, there were two cases of the disease, and no deaths, 
in that gaol. The food was then changed to a ration consisting of 97* 1 7 
grammes of proteids, 17*24 grammes of fats, 491*04 grammes of carbo- 
hydrates, and 26*52 grammes of salts. In this diet there were 85*05 grammes 
of potatoes, and 453*60 grammes of rice. Put into other figures, this diet 
consisted of: Nitrogen, 172*1 grammes; carbon, 4,166*5 grammes; hydrogen, 
61*9 grammes; sulphur, 13*2 grammes; salts, 140*2 grammes — the propor- 
tion of nitrogen to carbon being as i to 24*2. Whereas, calculating the 
weight of Filipinos at 125 pounds, it was estimated that proteids ought, 
according to Voigt's diet, to have been at least 94 grammes, fats 45 grammes, 
and carbohydrates 400 grammes; or, according to Moleschott’s diet, nitrogen 
256 grammes; carbon, 3,789 grammes; hydrogen, 143 grammes; sulphur, 
23 grammes; salts, 172 grammes — Ltf., N; C :: i : 0*15. 
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deaths; 

S? ir ATi't, n. »d ar: September 5=a Md 3 .; 

On October 20 the diet was again changed, and j — n-cxc 

10^.7, i^rimincs- fats 19-37 grammes; carbohydrates, 3957 .? grammes; 
saiLf 29.13 grammes; 'including 119-07 grammes of potatoes and 255-15 
grammes of rice. Nitrogen was 209-8 grammes; carbon, 3,816-2 grammes, 
hydrogen , 70*4 grammes; sulphur, 17*2 grammes; and salts, 185 grammes 


In October there were 579 cases and 34 deaths; November, 476 and 8; 
December, 89 and 3; half January, 1903, 4 cases and no deaths. 

Along with the beri-beri there was an epidemic of scurvy, and Fales was of 
the opinion that both diseases were led up to by a deficiency of vegetables, 
the essential principle of wliich he believes to be potassium carbonate, of which 
rice contains only o-oi grain per ounce, while potatoes contain i'875 grains. 
Hence, according to Fales, the disappearance of the disease when a suffi- 
ciency of vegetables, especially potatoes, was given. But he says this 
deficiency was only a predisposing cause, which enables the micro-organism, 
whatever it is, which is the true cause of the disease, to flourish and produce 
the symptoms. In other words, the people get run down by a bad diet, and 
are ready for any disease, so that this does not clear up the aetiology. 

Recently Ingram has drawn attention to an outbreak in the 8ist Pioneers 
and the 2nd Battalion of the King's Own Scottish Borderers, at Aden, in 
which he could find no clear evidence that beri-beri was due to diet alone, 
whether insufficient protcids or excessive rice, or bad rice, but he considered 
a diet rich in proteids good as a preventative. He could only find one thing 
in common in the two regiments — viz., both brought the disease with 
them — but was unable to find any source of infection, parasitic or 
otherwise. 

(e) Deficient PhospJionis . — Schaumann and others have maintained that 
deficient organically combined ])hosphorus in the ujKured rice is the cetio- 
logical factor. 

(/) Deficient Chole;^terin . — Chrisostem has treated cases with injections of 
cerebrin with good results, and with 5 per cent, cholesterin in olive oil with 
better results. 

6. An Intoxication from a Germ living Outside the Body. — Manson 
brought forward the hypothesis that a germ may live in the soil, the house, 
or the ship occupied by the human being, under certain conditions of tem- 
perature and moisture, and may grow and produce some kind of toxin which, 
being inhaled or swallowed , or otherwise introduced , causes the disease. More- 
over, this germ may be carried by men from place to place. 

He supports this theory by pointing out — (i) that when patients are 
removed from an endemic spot they at once begin to recover; (2) he quotes 
Hirota's observation that fifty-two infants nursed by beri-beric mothers 
showed signs of the disease, and did not improve when treated medicinally, 
but rapidly improved, if the disease had not advanced too far, when taken 
from these mothers and placed on artificial food or given to a healthy wet- 
nurse. Further, Herzog says that, according to Dr. Albert, similar cases 
are not very infrequent in the Philippine islands, but the removal of the 
child from the mother is most difficult, as the people do not understand the 
necessity. 

Manson rightly points out that these children must have been poisoned 
with some chemical substance, and not infected with a germ. But, of course, 
the germ causing the toxin might be in the mother's body. 

Again, Manson points out that the disease clings to ships, in which it 
appears year after year when the tropics are reached. There is also evidence 
that the cause, whatever it is, clings to rooms for a short time. 

7. An Intoxication or an Auto-Intoxication. — Duerck is convinced 
from the study of the pathology that the cause of the disease is a toxaemia, 
and points out that substances formed in the body by process of auto- 
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intoxication may produce peripheral neuritis, but the epidemics of the 
disease are e^uite against a theory of auto-intoxication, 

0. Parasitic Causes. — A great many observers are in favour of a parasitic 
cause for the disease, without committing themselves as to whether it is 
animal or vegetal. Among these may be mentioned Samboi, who con- 
siders that the specific agent lives in the patient's body. Scheube considers 
that it is an infectious, but not a contagious, disease, and says that the 
analogy with malaria is in some respects striking, and that it is spread by 
mechanical transmission of the disease by human intercourse in some way 
or another. This is quite true, because there are numerous instances of 
disease being imported by human beings into a fresh place and spreading, 
but the curious point is that it generally sticks to one race. 

Ihus, in Malaya it is a common disease among imoorted Chinese, and 
hardly known among the natives. In the Bilibid Prison, mentioned above, 
the prisoners included hilipinos, Spaniards, Chinese, japa,nose, Indians, 
American negroes, Americans, and Europeans, but the disease fell most 
severely on the Filipinos, the Chinese being almost exempt, only one or two 
contracting the disease, while the Americans were immune. Van der Scheer 
suggested that perhaps insects, such as cockroaches, might be lli j spreaders of 
the disease, but Durham's investigations are contrary to this. It would seem 
as though the causal agent was spread by some parasite, for Daniels has 
carefully considered the question of infection, and does r">t find any evidence 
in favour of it being conveyed by the excreta of persons suffering from the 
diseeise, especially the faeces. 

Further, he points out that infection by air and water can b(^ excluded, as in 
Kwala Lumpur all races drink the same water, but only Chinese are attacked, 
even though they drink little unboiled water; and the immunity of prison 
officials from the disease while an epi lemic rages among the prisoners 
excludes air. Disinfection ap])ears, from Durham's results on Christmas 
Island, to be useless. As regards parasites, Durham and Daniels are both 
against mosquitoes as being the cause — and, indeed, this is hardly likely — and 
also against bugs. 

On the other hand, there appears to be some evidence in favour ol Pediculus 
capitis, which is apt to cling to one race, and this is, according to Daniels, a 
plausible theory in explaining the racial selection of the disease. Experi- 
ments on an orang-outang with pedicnli from a beri-beri case were negative, 
the lice rapidly disappearing. Daniels could not exclude fomites as a carrier 
of the disease in his observations. Only one observer, Taylor, is said to have 
produced the disease in animals by the inoculation of the blood from patients. 

Having thus briefly considered the general question of contagium vivum, and 
its method of entry into the body, it is necessary to review the various 
organisms which haAm been held to be the cause of the disease. 

They may be classified into : — 

Animal Parasites; — 

(a) Protozoa, 

1. Plasmodium in the blood (Glogner). 

2. Proto zoon in the urine (Hewlett and Kort6). 

3. Hsematozoa in the blood (F'ajardo and Voorthuis). 

[h) N emathelminthes. 

1. Some form of Trichinella (Gelpke). 

2. Trichuri s trichiura (Erni SLiid Kynsey). 

3. Ancylostoyna duodenale (Erni and Kynsey). 

Vegetal Parasites — F^ungi ; — 

[a) CoccaccfS. 

1. Cocci in the alimentary canal, etc. (Dangerfield). 

2. Diplococcus in the urine (Tsuzuki). 

3. Diplococcus from the blood and urine or organs post mortem 

(Okata and Kokubo). 

4. Four kinds of cocci (Musso and Morelli). 
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(b) Coccus and Bacillus. 

Pleomorphic orgaaisra obtained by Pekelharing and Winckler 
from the blood. 

Bacilli and cocci by Lacerda. 

(c) Bacilli. 

1. Bacillus by Taylor. 

2. Bacillus by Rost. 

3. Bacillus by Ogata. 

4. Three kinds of bacilli by Nepveu. 

5. Bacillus by Ecckc. 

Toxins from a bacillus in the alimentary canal (Hamilton Wright). 

[d) Fungi higher than Bacteria. 

Mouldy rice (Hose). 

Pntozoa.-^GlogncBs parasites were similar to malarial parasites but were 
distinguished therefrom by being found only in splenic blood, by being 
always extracorpuscular, and by increasing by gemma tun. They were more 
piginented than malarial parasites. Scheubc thinks that Glogner's cases 
were complications of beri-beri with malaria. 

Hewdett and Korte ccntrifugalized the urine of beri-beri cases, and found 
small refractile spherical bodies. 2 to 3 in diameter, with a thick capsule 
and hyaline contents; others 20 /x in diameter, with a cytoplasm studded 
with refractile granules, and containing a single nucleus; and others 30 fju, 
with a thick capsule, an oval nucleus, and a rounded nucleolus. They further 
described the congestion of the glomerular vessels and haemorrhages into the 
tubules of the Iddney. Further, they saw a somewhat similar disease in 
monkeys, the urine of which contained liighly refracted cells. They conclude 
that the above are either peculiar degenerate cells or protozoa, and suggest 
that the di.seasc is a protozoan infection, and that the causal agent is elimi- 
nated by the urine. Fijordo and Voorthuis separately describe haematozoa, 
partly free and partly in the red cells, which are similar to, but not identical 
with, the malarial parasites. Their organismsdo not agree with one another, 
nor do they corresjund to Glogner's. 

Nemaihelminlhes. — Gelpke suggested that the disease might be due to a 
Trichinella in fish, but he has withdrawn tliis. Trichiuris and Ancylostoma 
need not seriously be considered, as this idea arose from a misunderstanding. 

Fungi. — Pekelharing and Winckler's bacillus has also been found by Hunter, 
and experimental inoculations by both sets of observers produced degenera- 
tions of the nerves. But it must be admitted with regard to bacteria that 
competent observers have found the blood sterile time after time. 

Hamilton Wright's bacillus, which occurs in the alimentary canal, has been 
found by Dudgeon to be non-pathogenic for monkeys, and not to be aggluti- 
nated by the blood of beri-beri patients. Stanley's experiments on animals 
with mouldy rice have been negative. Finally, attention may be drawn to 
the researches of Holst, Nocht, and the Norwegian Ship Beri-Beri Committee, 
which indicate that the so-called ship beri-beri is not beri-beri, as the symp- 
toms are shortness of breath and weak heart, with weakness and dropsy of 
the lower limbs, but not paralysis of the limbs — i.e., the degeneration of 
the nerves is not an essential phenomenon. 

Chalmers and Archibald separately have found fungi in the organs 
of cases of beri-beri occurring at different times in British troops in 
Khartoum. We feel that more than one disease is included under 
the term beri-beri. One of these diseases is a deficiency disease, 
but the others await discovery. 

Predisposing Causes. — The disease can occur in all races, and at 
all ages, and in both sexes, but it is apt to cling particularly to one 
race in a country — e.g., the Chinese in Malaya, the Filipinos in the 



PREDISPOSING CAUSES 


i68i 

Philippine gaol outbreak. This racial incidence is most marked. 
Thus, Braddon says that of the Chinese immigrants into the Straits 
and Malaya, it may be reckoned that of every i,ooo living, 120 suffer 
and r 6 die of the disease. The Malayas are said to suffer but little, 
if at all. In the Bilibid Prison in Manila, on the other hand, ac- 
cording to Fales, the Filipinos suffered most severely, the Chinese 
were almost exempt, only one or two contracting the disease, while 
the Americans were entirely free. 

With regard to age, it is most commonly met with in young adults 
])etwcen fifteen and thirty years, but it has also been noted in babies 
at the breast and in old men. It is more commonly met with in 
men than in women. 

Occupation lias been carefully investigated by Hunter and Kcch 
in Ilong-Kong, and they con hide that tlic disease is universally 
present throughout the community, but especially affects the 
working classes, while the professions, the mei'chants, and the 
leisured classes are practically, but not entirely, exempt. Other 
predisposing causes are disturbance of the soil and a high atmos- 
pheric temperature. 

Important Features.--The })eculiar features of the disease are 
that, though it generally occurs among rice-eating peoples, yet at 
times it occurs in other communities, as in the Britisli regiment, in 
whose ration there was but a small c|uantity of rice, which was cured 
Rangoon rice. Finally, if observers are to be trusted, there arc 
places where beri-beri occurs and rice is not eaten. 

Pathology, — As tlie cause of the disease is unknown, but little 
can be said as to the pathologv, but Mott and Halliburton have 
])erformed an experiment which throws much light on the disease, 
fhey injected blood taken from an acute case of bcri-h.eri into a 
cat, and found a fall of blood-pressure, with dilatation of the vessels 
of the stomach, intestines, and li\’cr, as well as general venous 
engorgement, and they also noted dilatation of the right side of the 
heart, and microscopical haemorrhages into the liver. This would 
clearly indicate that a poison capable of producing great vaso- 
motor changes was circulating in the blood of beri-beri patients. 
In addition to the engorgements found in the cat, the human being 
suffers from congestion of the pharynx, and degeneration of the 
cardiac, muscular, and sensory nerves. The oedema is probably 
due to the vasomotor disturbance. 

Durham considers that the urine indicates a serious diminution 
of the metabolism. 

Morbid Anatomy. — The morbid anatomy and histopathology 
have been studied by numerous observers, among whom the in- 
vestigations of Wright, Duerck, and Scheubc must be especially 
mentioned. In acute cases there is always some oedema, but at 
times this may be excessive, and the veins of the neck are swollen. 
Hypostasis is always well marked, but may be excessive, especially 
about the face. There is often froth at the mouth. In chronic 
oases the body is pale, and may be swollen with dropsy or emaciated. 
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In the former the post-mortem rigidity develops quickly, and is 
well marked. In the latter, however, it is not so marked. On 
cutting into the body the subcutaneous tissues are usually oedema- 
tous, and the veins arc filled with dark fluid blood. There is a 
varying quantity of serous fluid in the abdomen, the chest, and the 
pericardium, and there may be petechial luernorrliages under the 
viscera] pleura and pericardium in acute, but not in chronic, cases. 
TIjc tliroat and tonsils are generally cong(;sted in acute cases, 
but they may l)e normal; the larynx may l)e congested or normal. 
1 lie mucosa of tlie trachea and broiii hi may l)e cedernatous, with 
the lumen full of fluid. The lungs may be congested and a^derna 
tons, and may contain little air. 

I he right side of the heart is always greatly dilated in acute 
casec, and is also hypertrophied in older cases, but it is rare for the 
left ventricle to be liypertropliied, tliough it may be dilated to a 
moderate extent. The myocardium gcneralh^ sliows fatt y degenera- 
tion, tlie striation is oflen abs(‘nf, and s(;gm(aitation and vacuolation 
of th(^ fibres, with an incrciase of the ijiterstitial tissue, can also 
be seen, and there is a round-celled infiltration beneath both endo- 
and epi-cardium in acute cases. (These clianges are said l)y vSeheube 
to be like those found in rabbits after section of Ixdli vagi.) 

According to Wright, the entire nervous system of the heart is 
damaged in acute cases, the cells of the bulbar nuclei and the 
nucleus amluguns on both sid(is being swollen, with excentrically 
placed nuclei and a disappearance of Nissl’s bodies in th(‘ processes, 
and to a less (‘xt(mt at the ])(Ti])liery. Tlu'se changes may also 
be seen in tlui first and second pair of tlie tlioracic ganglia, and 
in the intrinsic ganglionic cells of the heart, while the vagal nerve- 
endings show rounded droplets of altered myelin (neurokeratin?), 
especially near the nodes. In chronic cases only the vagi may show 
degeneration, the ganglia in the heart being normal. 

in acute cases the stomach and duodenum are markedly affected, 
the mucosa being liyptir.einic, Math more or less marked haemorrhagic 
extravtisations, and even at times effusion of blood into the lumen of 
the viscus. ddiis inflammation may extend to the ileum, or very 
rarely even to the caecum, but usually the small and large intestines 
show nothing abnormal, for the acute irritation is located to the 
pylorus and the duodenum. 

Microscopically there is an acute congestion with round-celled 
infiltration, with, according to Herzog, a very large number of 
eosinophile cells and necrosis of the glandular epithelium. The 
cells of Aueiiiach and Meissner’s plexuses are degenerate, and the 
nerve fibres in the stomach and duodenum also show signs of 
degeneration. In chronic beri-beri these gastro-duodenal signs are 
absent. ^ 

In an acute case the lymphatic glands near the stomach and 
duodenum are enlarged and congested. The liver is generally om- 
larged and congested, and at times in a nutmeg-like condition, and, 
according to Hewlett and Korte, there may be extensive haemor- 
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rhagic patches. Scheube and Plehn draw attention to a round- 
celled infiltration of the interlobular connective tissue, which the 
latter calls a bcri-beric interstitial hepatitis. The cells show fatty 
degeneration, cloudy swelling, and at times necrosis. The spleen 
may show some cyanosis, and be slightly enlarged and Indurated, 
but usually it is normal. The wall of the gall-bladder may be 
cedematous at times; the pancreas is normal. The suprarenals 
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may be pigmented and congested with vacuolated cells. The 
kidneys are usually swollen and hypersemic, and there may be 
hremorrhages into the glomeruli, tubules, and pelvis, together with 
cloudy swelling and cellular infiltration. The ureters and bladder 
are usually normal. 

The nervous system is markedly affected. The meninges of the 
brain may be hyperaemic, and there may be some hypersernia of the 
brain substance itself, and increase of fluid in the ventricles, but 
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the microscope shows nothing abnormal except in the bulb, where, 
according to Wright, there are the changes already mentioned in 
the vagal nucleus. Kustermann also describes acute degeneration 
of the vagal ganglia at the base of the fourth ventricle. 

The spinal cord is usually normal. Hamilton Wright and others 
have described degeneration of the cells of the posterior spinal 
ganglia and anterior cornua of the lumbar cord, together with 
atrophy of Goll’s column, in which histoJogically tliere is a thicken- 
ing of the glia tissue and a complete disappearance of the nerve 
fibres, with the presence of many granular cells. 

The peripheral nerves are usually normal to the naked eye, but 
may be injected and haemorrhagic. Scheube and Baelz first showed 
that these nerves were degenerated, the muscular branches of the 
nerves of the limbs being most affected, but even the fine sensor}^ 
cutaneous branches were also attacked. The changes in the auto- 
nomic nervous system do not appear to have been closely studied, 
though several observers have recorded changes in the ganglia, and 
in the cardiac and other plexuses. 

The degeneration of the nerve fibres has been carefully studied 
by Scheube, Baelz, Hamilton Wright, and Duerck. The neuro- 
keratin network becomes irregular, and its meshes wider, while its 
rods disappear. The medullary sheath becomes vacuolated, and 
its inner boundary ill-defined. In other places the neurokeratin 
network condenses into small rosary-like masses or larger lumps, 
somewliat regularly arranged. Later the medullary sliCath breeks 
up into spherical or elongated masses separated by clear intervals. 
The axone undergoes first chemical changes, and then appears like 
a wavy cord, or as a series of comma-like segments, or twisted up 
into a coil. Finally, both axone and medullary sheath disappear, 
while Schwann's sheath collapses, and so the nerve fibres become 
lost in tlie connective tissue of the endoneurium. Along with these 
changes there is a cellular infiltration of the perineurium, especially 
of the perivascular spaces, and also of the endoneurium. These 
cells are said to be like a similar infiltration met with in traumatic 
lesions of nerves, and to resemble the granule cells of the central 
nervous system. When fully degenerated, the nerve may consist 
simply of connective tissue. Regeneration has not been observed, 
but must occur — at all events, to some extent — in cases which 
recover. 

^ The muscles show atrophied and normal fibres side by side. The 
diseased fibre first loses its striation, and becomes oval or round in 
transverse section. A colloid degeneration occurs, with prolifera- 
tion of the nuclei of the sarcolemma. The fibre now appears of a 
homogeneous grey colour, and is very brittle. As it atrophies the 
connective tissue of the muscle increases in amount. The bone- 
marrow is said to be normal. 

Symptomatology.— As the cause of the disease is unknown, and 
the invasion is insidious, the incubation period is also unknown. 
Hamilton Wright places it at some ten to fifteen days. 
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The disease is insidious in its onset, and is characterized by 
gastro-intestinal, cardiac, and nervous symptoms. For purposes 
of description three types may be recognized — viz., (i) the acute 
pernicious form; (2) the typical form; (3) the rudimentary form. 

1. Acute Pernicious Form. — The acute pernicious form may 
exhibit itself in several ways. The most acute is when the person, 
without previous illness, suddenly dies, and the autopsy reveals 
that he has died of beri~beri. 

The more usual history is that the patient feels a disinclination 
for food, followed in a short time by a sensation of depression or 
pain in the epigastrium, and nausea. Tenderness is evinced if 
pressure is made ovei the pylorus or duodenum, while the throat is 
seen to be congested. The temperature is usually normal, tliougli 
slight febrile rises have been recorded. Soon the heart symptoms, 
characteristic of the attack, appear in the form of a seixsation of 
oppression over the heart, throbbing vessels in the neck, epigastric 
pulsation, cardiac palpitation, and dyspna-a, while the sliglitest 
exertion increases the pulse-rate markedly. The right side of the 
heart dilates, and hfTmic murmurs are heard. As a result of this 
cardiac disturbance the urine diminishes and dropsy appears, but 
this varies from being trivial to fairly considerable, with effusion 
into the pericardium, pleura, and peritoneum. 

There may early be found patchesvT anaesthesia or hyper?csthesia, 
particularly in the course of the anterior tibial and musculo- 
cutaneous nerves. Paralysis now appears, and may be slight, or 
may be so extensive as to prevent all voluntary movements, and 
at the same time the amesthesia may increase considerably. 

Sooner or later the cardiac symptoms become worse; the peri 
cardial distress becomes agony, the lungs become engorged, and 
the unhappy individual, unable to obtain proper aeration of his 
blood, gasps for breath with open mouth and expanded nostrils, 
while the pupils dilate. His face becomes cyanosed, his extremities 
cold, and he becomes unconscious, and shortly dies of cardiac 
failure. During this dying agony^ the mind is clear almost to the 
last. The duration of such an attack is from twelve hours to a 
few days. 

2. The Typical Form. — The typical form of the disease begins 
iTHidiously with malaise, lassitude, loss of appetite, dull pain in the 
stomach, tenderness on pressure over the pylorus and duodenum, 
headache, difficulty of breathing ana palpitation, often some 
<^^edema along the shin, exaggerated knee-jerks, and a sensation of 
heaviness in the limbs, especially in the legs. Sooner or later a 
difficulty in walking sets in, and the knee-jerk diminishes and dis- 
appears" or the patient may suddenly find himself on wakening in 
the morning unable to raise himself. If he is capable of walking, 
the gait is peculiar, somewhat resembling that of locomotor ataxia, 
hut generally being more of the ' high-stepping ^ type, the foot 
being raised with difficulty from the ground, brought forward 
with a jerk, and lowered abruptly. He walks with a support, and 
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often with the legs wide apart, in oider to give stability to Pis 
locomotion He cannot stand long with closed eyes, and complaiiis 
that he feels as though he were walking on something soft. In 
addition lie suffers from cramp, and his calves are very lender, ami 
Lnsations of pins and needles, burning etc., may be felt. It will 
be noticed that the anterior tibial and the peroneal muscles are 
mostly affected, and that often there is a tendency for the foot to 
assume the equino-varus position, and that ankle-drop is often 


seen. 

The forearms may also be paralyzed, and wrist-drop, with great 
Joss of power in the grip, may be noted. As the paralysis proceeds 
the muscles waste, and electrical excitation is much altered. Miura’s 
rule is that if the foot can be flexed on the ankle, the excitation 
is only diminished; if only the toes can be dorsally flexed, there 
is a partial reaction of degeneration; but if no dorsal movement is 
capable of being made, then the reaction of degeneration will be 
fully developed. The paralysis spreads to the muscles of the calf, 
the muscles of the thigh, and the gluteal region, and to those of the 
hand and arm; then to the abdomen, the diaphragm, the inter- 
costals, and the larynx, and, in rare cases, to the intra- and extra- 
ocular muscles. 

Fletcher has drawn attention to jongkok, or squatting test The 
person places both hands on tlie top of tlie head, and slowly squats 
down on his heels, and then rises up again. In beri-beri this cannot 
be performed. 

Associated with the paralysis there is at first hypera^sthesia. 
especially in the calf muscles; parcTsthesia, as alreads^ mentioned; 
and partial anaesthesia, which may be characterized by saying that 
the patient feels as though he were touched through some protecting 
cloth. There is also loss of sense of heat, and cold, and pain. This 
anaesthesia varies much in site and extent. Usually it begins about 
the feet and wrist, and moves upwards over the legs, thighs, fore- 
arms, and arms, and down into the fingers. It is this numbness of 
the fingers which incapacitates the patient from doing many simple 
actions. There is said to be a peculiar ring of anaesthesia around 
the mouth. The areas of loss of sensation do not correspond with 
segmental or nerve areas, but are remarkably patchy. The nerves 
of the affected regions maiy be tender. 

The heart is also markedly affected, being dilated, especially the 
right side, with a diffuse apex-beat, a spacing of the sounds, so that 
the intervals may be nearly equal; while systolic murmurs may be 
heard, and reduplication of the second sound is common, particu- 
larly over the pulmonary area. Palpitation and epigastric pulsation 
are common, as is pulsation of the carotids and veins of the neck. 
The pulse is usually much increased in frequency and low in tension. 
The great danger of the disease is death from sudden cardiac 
failure. 

The blood does not show much abnormality beyond a certain 
amount of anaemia. The differential leucocyte count contains about 
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38 per cent, of polymorphonuclears, 36 per cent, of lymphocytes, 

4 per cent, of mononuclear leucocytes, and 2 per cent, of eosino- 
philes. 

The cerebrospinal fluid is generally normal. Lumbar puncture 
rarely shows, in our experienee, any alteration of pressure, although 
a few authors have noted an increase. 

The urine may be much diminished when there is oedema, but 
when this is passing off there is a large increase in the quantity. 
The total solids are said to be below normal, urea and chlorides 
being diminished, phosphates and indican being increased, and 
albuminuria being rare. 

Dropsy may or may not be present, but some oedema, most 
marked anteriorly in the legs, is a practically constant symptom. 
It usually begins along the shin in tlie form of a rather solid (edema. 
It may spread over the legs into the scrotum, on to the aodominal 
wall, and into tlie face and arms, and is characterized ])y being at 
times in peculiar localized patches, and if it take's place in the 
muscles, gives rise to an appearance like pseudo-liypertrophic 
paralysis. Along witli the cutaneous (.edema there is often exuda- 
tion into the peritoneal, pleural, and ]:)ericardial cavities. 

When the dropsy is marked there', may be a great diminution of 
the urine. This dropsical conditicni is often improperly considered 
to form a separate variety of the disease, and is called the 
‘ wet,’ ‘ hypertropliic,’ or ‘ dropsical ’ hnan, while another variety, 
called ‘ dry ’ or ‘ atrophic ’ beri-beri, is mentioned by many 
authors, the two forms being inerel}^ the early and late stages of the 
disease. 

The tongue is usually clean; the throat may be slightly con- 
gested; digestion is fair, but a large meal will increase the pnecordial 
or epigastric distress. Vomiting is a bad sign. The bowels are 
often constipated, the temperature normal or subnormal. The 
urine may be diminished, increased, or normal in quantity, accord- 
ing to the presence, the passing off, or the absence of oedema. 

The larynx may be paralyzed partially or completely, and the 
voice rendered raucous or lost. The lungs may be oedematous. 

In this condition the patient may remain, at times better, at 
times worse, for weeks and months, and may proceed slowly to 
recovery, with, of course, deformities if paralysis remains, or may 
die suddenly of cardiac failure when sitting up or getting out of 
bed, or from some complication. 

3. Rudimentary Form. — There is a rudimentary, abortive, or 
ambulatory form in which the symptoms arc so slight that perhaps 
the sufferer does not seek medical advice, but in whom there may 
be first increase and then diminution of the knee-jerks, patches of 
anaesthesia, some muscular weakness, some gastric catarrh, and 
general malaise. Repeated attacks may occur. 

Complications. — Whenever fever develops in a beri-beri patient 
there is sure to be a complication. The most common are tuber- 
culosis, dysentery, and malaria. 
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Sequelae. — Many authors do not believe in sequelae to beri-beri, 
but certainly there may be the contraction left after the paralysis 
and anaemia, and attacks of palpitation may occur. 

Diagnosis. — -The principal positive signs on which to base the 
diagnosis are: (i) Loss of knee-jerks; (2) patches of anaesthesia, 
and occasionally hypenesthesia, on the legs; (3) pain on pressing 
the calf muscles; (4) cedema along the shin; (5) absence of marked 
albuminuria; and (6) the absence of fever. 

Suspicious early signs in endemic areas are loss of appetite and a 
desire for lighter food, together with tenderness over the pylorus 
and duodenum, with exaggerated knee-jerks. 

Several diseases have to be distinguished from beri-beri: first of 
all the different kinds of peripheral neuritis — alcoholic neuritis, 
by the history and the general trcmulousncss; arsenical neuritis, 
by the abdominal pains and the diarrha‘a; lead paralysis, by the 
colic and the blue line of tlie gums. 

Secondly, dropsies due to heart disease arc recognized by the 
murmurs and the history of rheumatic fever, or other infectious 
disease; kidney disease, by an examination of the urine; ankylo- 
sf:omiasis, by the ova being found in the fa'ces; epidemic dropsy, 
by the fever and the absence of anasthesia and ])aralysis; malarial 
cachexia, by the enlargement of the s])lecn. and perhaps the para- 
sites in the blood; and kala-azar, by the enlarged spleen and liver. 

Thirdly, certain diseases of the spinal cord ; myelitis, by the loss 
of control over the bladder and rectum; locomotor ataxy, by the 
Argyll- Robert son pu])il; pellagra, by the skin eruptions. 

Fourthly, certain intoxi cat ions, such as ergotism by the gan- 
grene and the history, and lathyrism by the absence of tender 
muscles. 

Prognosis. — 'fhe acute }>crnicious form is always fatal, the rudi- 
mentary never. Tlie general mortality vari('s in (lifferenl countries, 
as follows:- -- 

i*ci (.'cnl. 


Smnatra 
1 long' J\oii,L^ 
Malaya 
java 
Japan . . 


ho lo JO 
, 8.6 
19.7 
2 to 6 
2*5 t^o 3*5 


But it a])parcntly depends upon many things, of wliicli the most 
important is the avoidaiicc of sudden cardiac failure. If tlie patient 
is treated carefully in bed the danger is much diminished, but if he 
is allowed to sit up and move about the danger is great. Conijdica- 
tions are most unfavourable. 

An attack docs not confer an immunity. On the contrary, it 
rather predisposes to another attack. 

Observers who believe in the infectious nature of the malady are 
generally of opinion that there are no relapses, but that reinfections, 
even shortly after an attack, are common. 

Treatment.— The treatment is essentially symptomatic, the 
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patient being placed in bed, and care being taken to avoid anything 
which is likely to bring on cardiac failure. Especial care is re- 
quired if the patient gets up or moves about. A cardiac tonic, in 
the form of strophanthus or digitalis, is advisable, and amyl nitrite, 
nitroglycerine, or trinitrin should be placed at hand, in order that 
they may be used at once if a sudden cardiac attack takes place. 
If the attack is severe, with great embarrassment of the right heart, 
it has been advised to perform venesection, and remove some 
eight ounces of blood. Oxygen is useful during the attacks of 
dyspnoea. For the paralysis strychnine should be administered, and 
the muscles massaged to prevent atrophy and cramps. Electrical 
excitation is also good. 

If possible, the patient should at once be removed from the place 
in which he is supposed to have acquired the disease. 

Braddon strongly recommends atropine cither as the alkaloid in 
hypodermic injections of to grain, according to the urgency 
of the symptoms, or in the form of the tincture of belladonna. He 
considers that the atropine is specially useful in cases of dyspnoea 
due to cardiac failure and p\ilmonary embarrassment , while he 
gives a mixture of lincturc of belladonna I draclun, tincture of 
scilla t drachm, and citrate of potash I drachm, in 4 ounces of 
water three times a day for three or more days. 

With regard to after-treatment, any deformity, such as club- 
foot, must be reclified, as described in works on orthopa'dic surgery. 
Fraser and Stanton have prepared a remedial agent on the 
lines indicated by their researches, and this should be tried 
when available. Only harmless rice — i.c,, brown rice with more 
than 0*4 per cent, of phosphorus pentoxide — should be given 
to the patients, and care sho^.ild be taken that it is cooked in 
ordinary pots, and not under pressure. Thomson and Simpson 
recommend a full diet with i ounce of yeast and 200 grammes of 
katjangido-beans daily. Chamberlain and Vedder recommend 
that 5 c.c. of an extract of rice polishings be given daily to infants 
suffering from bcri-l)eri, and this is administered in 20-drop doses 
every two hours. The patient must be placed upon a good nourish- 
ing diet, with plenty of proteid and good vegetables, and rice 
should be eliminated from this diet. Careful nursing is necessary 
because of the danger of cardiac failure, and good hygiene is also 
necessary, 

Prophylaxis.^ — Rice should be awnded as a staple article of diet, 
but if it has to be used it should be in the form of the Indian, country 
rice, or paddy, variously described as the cured, stale, un})olishcd, 
or parboiled rice. Great care should be taken with the cooking, 
for a good rice can be converted into a harmful rice by cooking, 
which should always be performed in ordinary pots, and never 
under pressure by steam. With regard to tlie different kinds of 
rice, Schiiffner and Kuenen find that Rangoon rice contains 0*42 to 
0*46 per cent, of P2O5, while vSiam and Java rice is much lower. 
They maintain that there should be a rice reform, and that a 
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minimuni limit of 0*5 per cent. fer dry rice should be 
imposed or^ failing this, the substitution of otlier foods, to make 
up the deficient ingredient, and a strict control of cured rice— 
white rice. Pregnant and nursing women especially should have a 

liberal diet and harmless rice. 

A good nourishing diet is most important. 

Good hygienic surroundings — good ventilation, the avoid- 
ance of overcrowding, plenty of siinsliinc, and exercise in ilie open 
air - — may be mentioned. 

It is as well to thoroughly disinfect with Clayton gas or sulphur 
and formalin any room in which beri-beri patients have been 
living, or any infected hous(i or ship. 


SHIP BERI-BERI. 

Synonym . — Norwegian Beri-beri. Some authorities consider ship or 
Norwegian beri-beri to be a separate entity from tropical beri-beri, and believe 
it to be a deficiency disease taking an intermediate position between true 
bori-beri and scurvy. Clinically, however, the condition is identical with 
tropical beri-beri, and runs the same course. 


INFANTILE BERI-BERI. 

Synonyms. — Philippines : Taon, taol suba. 

Infants nursed by mothers suffering from beri-beri, and living on 
a defective dietary in the Philippine Islands, suffer from (jcdema, 
dyspepsia, and cyanosis, and often die suddenly, l^ost-morlcm 
investigations show degenerations in the vagi, phrenics, intercost als, 
and anterior tibial nerves, but not so extensive as in adults. 
Chamberlain, Vedder, Andrews, and others conclude that this is an 
infantile beri-beri due to some deficiency in the mother’s milk, and 
ftnd that it causes 56 per cent, of the infantile mortality in the 
Philippines. 

EPIDEMIC DROPSY. 

Synonym. — ^ Acute aiuemic dropsy. 

Definition.— Epidemic dropsy is an acute infectious disease of 
unknown cause, characterized by fever, dropsy, an erythematous 
eruption, and sometimes cardiac symptoms, but without paralysis 
or anaesthesia. 

History.— In 1876-77 there was a great famine in Southern 
India, during which a dropsical disease, at the time called ' beri- 
beri,’ was noted. It is possible that this dropsical disease was con- 
veyed in some way from Madras to Calcutta, for in 1877 there was 
an outbreak of epidemic dropsy for the first recorded time in that 
city. It appeared when the rains were over, and extended through 
the cold season into 1878, disappearing when the warm weather 
commenced in April. It recurred again, and followed the same 
course in the cold season of 1878 and 1879, and it disappeared in the 
warm weathei of 1880, reappearing this time in the warm weather 
of 1881. It only attacked natives of India, but it spread from 
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Calcutta to Shillong, Dacca, and South Sylhet, and to Mauritius, 
by means of labourers passing through that town. Mauritius 
became infected in 1878, and was clear of the disease in 1879. 

No further accounts of the complaint appeared until 1901, when 
i t was again recognized in Calcutta and Madras. In 1902 it occurred 
in the Barisal Gaol in Bengal, and in 1907 it occurred in Assam and 
the two Bengals. It is probable that during the intervening years 
it has really been present in some part of India, but has been called 
' beri-beri.’ Greig has come to the conclusion that it is a 
deficiency disease. 

Climatology. The disease is met with in India and Mauritius, 
and generally in lue cold season. Recently cases of this condition 
have been reported by Leporini from Cirenaica. 

etiology. — The causation of the disease is unknown, but there 
are various theories— 6.g., (i) that it is beri-beri; {2j that it is a 
post-dysenteric amemia or hydraemia; (3) that it is due to nitrogen 
starvation; (4) that it is due to eating Burma rice, the action of 
which is explained in various ways; (5) that it is dal poisoning; 
(6) that it is a special bacterial disease conveyed from person to 
person by the bed-bug. 

This latter is Delany's theory, and is supported by the fact that 
the disease is epidemic, and spreads apparently by the agency of 
human beings, but not from man to man; that it begins with an 
initial fever, and has a rash, and that there is a local house infection; 
and, finally, by its sudden disappearance and reappearance. Other 
theories are that it is a ptomaine poisoning, or a bacillus in fish, or 
0 rust or fungus on rice. 

Pathology. — No remarks can be made on this part of the subject. 

Morbid Anatomy. — There is subcutaneous oedema and fluid in 
the peritoneal and pleural cavities. The mouth and pharynx are 
oedematous, and the oesophagus may be ulcerated. The stomach 
is very congested, and may show haemorrhagic patches, and the 
jejunum is congested, as are the mesenteric glands and the liver. 
The pancreas is normal. The aryepiglottidean folds and the lungs 
are oedematous and congested. The kidney is congested, and may 
show cloudy swelling, but the bladder is normal. The spleen is 
shrunken; the pericardium may be normal, but the heart is dilated. 

Symptomatology. — Generally there are no distinct prodromata; 
occasionally the onset of the di.sease is preceded by diarrhoea. 

Epidemic dropsy begins with anaitack of feverwithout any initial 
rigor, the temperature rising to 99° to 104*^ F., and continuing of low 
type with remissions and, later, intermissions for a variable period of 
time, sometimes as long as a month. Associated with the fever, 
and, indeed, the most constant and characteristic symptom, is the 
dropsy, which, beginning in the feet and legs, may spread up the 
thighs to the abdomen, and even to the hands, arms, and face. 

There is distinct anaemia after the disease has lasted a little time. 
Rogers records a count of 3,090,000 erythrocytes per cubic 
centimetre, and a haemoglobin count of 54 to 65 per cent. The 
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colour index is said by other observers to be about normal, and 
the proportion of white to red cells to vary from 1 to 430 at the 
invasion, to i to 3^4 the course, to i to 615 at the end. 
Leucocytes are apparently always increased in number, but only 
slightly. The differentia! count is:— 

■ Per Cent. 


Polymorphonnclears 
Lymphocytes 
Mononuclears 
Eosino])hiles . . 


( X )*2 

2]-4 

11*7 

6.7 


No animal 01 vegetal parasites ha^'e been disco\'crcd in blood 
vvliicli is sterile. 

The condition of the urine is described as very variable, but there 
is no albumen and no casts are to be found. 

.Effusions into the peritoneal and pleural cavities may take place. 
The alimentary canal is early irritated, and vomiting and diarrha'a 
are common occurrences. A rash appears early on the extremities 
in the dropsical areas; it is usually erythematous or ' measly,' but 
vesicles and hamiorrhages may ])e seen. Aiuemia., as remarked, is 
progressive during the clisease, and there may be cardiac dilatation 
with limmic murmurs. Tn severe cases there may be cough and 
dyspneea, due to oedema into the lungs. Recovery is the rule, but 
death may occur from cardiac or pulmonary complications. 

Sequelae. — 'I'he only sequela so far observed is cardiac weakness. 

Diagnosis,--Epidemic dropsy shows the following characteristic 
signs: dropsy, sliglit fever, diarrhaa, rash, anaemia, and no albu- 
minuria. 

Its diagjiosis from heri-hcri is basfxl upon the presence of fever, 
the persistence in some cases of the knee-jerk, the lack of paralysis, 
of painful muscles, and of amesthesia. vSome authorities maintain, 
however, that in e])idemic dropsy there is no fever and no rasli, and 
is indistinguishable from Ixu'i-beri. 

Prognosis.- -The prognosis is favourable except in the aged, the 
case mortality being only 2 to 8 per cent. 

Treatment. Rest in bed and the administration of calcium 
chloride, or iron and slrophanthus, are the 01113^ remedies usually 
required. High temperatures should be treated by diaphoretics, 
quinine, and sponging. 

Prophylaxis. — Segregation and disinfection are recommended, but 
no rational prophylaxis can be advised so long as the cause remains 
unknown. 


POTTER’S DISEASE. 

In 1913 Potter in Jamaica described a disease which began with 
numbness, tingling cramps, loss of power, loss of hearing, and defec- 
tive vision, without skin or mental symptoms, oedema or cardiac 
symptoms. Both sexes are attacked, generally after puberty and 
in rural districts. Whole families may be attacked. 
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WAR ZONE (EDEMA. 

In soldiers, prisoners of war, and refugees, having a very scanty and un- 
suitable diet an oedematous condition of the legs and feet is far from rare. 
It is a deficiency condition more closely related to scurvy than true beri-beri. 
It should be differentiated by blood examinations from a clinically similar 
condition due to malaria. 


TROPICAL (EDEMA. 

Some years ago we called attention in Ceylon to an oedematous condition 
of the legs, seen especialyin new-comers and tourists in the hot season. The 
whole leg from below the knee is affected, but if the pe’*son wears boots 
tightly laced, the foot and ankle do not show any oedema. There is no 
anaesthesia, the knee-jerks are normal, and the general condition is good. 
The condition is no+ related in ary way to beri-beri or scurvy, and is not 
infiuenced by a change of diet. It disappears rapidly on going to the hills. 
The same condition has been recently recorded by Marshall from the Red Sea 
and Hagdad. 
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CHAPTER LXXll 

TROPICAL POISONINGS 

General Remarks — Ackee poisoning — Onyalai — Rei erences. 


GENERAL REMARKS. 

We have already defined a poison and discussed criminal poisoning, 
accidental poisoning, stimulant and sedative poisoning, and the 
poisons used in trial by ordeal in Chapter X. (p i6i), in which we 
gave a brief outline of the symptoms piodiiced by i number of these 
poisons, as well as some few remarks with regard to treatment. 

There, however, remains one form of accidental poisoning, to 
whicli we liave already referred on p. 173, to which special reference 
may be made here, and that is ackee poisoning, which was long known 
as the vomiting sickness of Jamaica, and was included in the clinical 
part of tlie last edition. 

This particular variety of poisoning might also be looked upon as 
a form of vegetal food poisoning, a subject which is considered in 
Chapter XIII., p. 193. 

Other forms of poisoning, such as arrow poisons, animal poisons, 
trade poisons, can be found in Chapters XI. (p. 180), and XII. 
(p. 187). 


ACKEE POISONING. 

Synonym. — -The vomiting sickness of Jamaica. 

Definition. — An acute and often fatal illness, occurring mostly 
in children and to a less extent in adults in Jamaica, characterized 
by sudden onset, persistent vomiting, causing in fatal cases collapse, 
and bi ought about by eating the unsound fruit of the ackee tree, 
Blighia sapida Koenig, or drinking the water in which such fruit 
has been cooked. 

History. — For many years the tenii ‘ vomiting sickness ’ was 
applied to any disease associated with this symptom, but as various 
diseases became differentiated and better diagnoses were made, it 
became evident to Turton in 1904 and to Kerr in 1905 that there was 
a definite disease in Jamaica to which the term could he applied. 

This disease only appeared in the cooler months, and was asso- 
ciated with vomiting and convulsions, and a death-rate of 80 per 
cent, to 90 per cent., the end coming in a few hours. 

In 1906 Branch considered it to be a syndrome, and men- 

a 695 
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tioned the ackee, without, however, being definite as to its causal 
effect. 

In 1912 Potter, after considering cerebro-spinal meningitis, 
ptomaine poisojiiiig, ackee poisoning, and cassava poisoning, came 
to tlie conclusion that it was a phase of yellow fever. 

In 1913 Scott suggested that it might be fulminating cerebro- 
spinal meningitis, and in the same year Seidel in opposed the yellow 
fever and the meningitis views and believed it to be a local 
disease. 

In 1915 Scott, as a result of an investigation into an outbreak at 
.Montego Bay, found that in tlie majority of cases ackees formed part 
of the last meal taken in health, and that they could not be excluded 
in a single case. Persons taking soii]i or pot-water made with 
ackees developed symptoms in two hours, and death nearly always 
resulted. 

The ackee is the fruit or aril oiBlighia sapida Koenig, belonging 
to the natural order Sapindaceai, and, being a native of West Africa, 
is merely an introduced plant in Jamaica. 

Only unsound ackees cause the symptoms, and an ackee is un- 
sound (i) when it is unopened ; (2) when it is picked from a decayed, 
bruised, or broken branch; (3) when it has been forced open; 
(4) when it has a soft spot. 

In 1917 Scott confirmed this view as to the causal effect of the 
ackee, and by liis experiments upon animals demonstrated the nature 
of vomiting sickness. 

Climatology. — So far the disease is only known in Jamaica, but 
it must be remem])ered that the tree is a native of West Africa. 
We, however, do not know whctlier the fruit is used as a food in 
this country, and, at all events, up to the present no one has reported 
tlie poisoning from that part of the world. 

iEtiology. — Vomiting sickness is caused by eating the unsound 
fruit of BligJiia sapida Koenig, the ackee plant, or taking the soup 
or ' pot-water ’ made with this fruit. These latter are the more 
severe cases, because the poison appears to be extracted by boiling 
with water. Alcoholic extract of unsound ackees is not poisonous. 
The watery extract, on the other hand, when administered to cats 
and dogs, produced the same symptoms and mortality rale as in man, 
and after death the same post-mortem signs were found. Herbi- 
vorous animals are unaffected. The poisoning takes place in the 
months from November to April, which corresponds with the 
ackee season. Several members of a family are taken ill at one and 
the same time, as would be expected from a food poisoning. It also 
occurs among near neighbours in the settlement, and is rare in white 
children and Hast Indiems, being confined to the children of the 
indigenous population, fliere is no indication that sex plays any 
part in the aetiology, which must be looked upon as an acute poison- 
ing. A case of known ackee poisoning occurring in man showed the 
same symptoms, cause, and post-mortem changes .as cases of 
vomiting sickness, and as the experimental animals. 
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Morbid Anatomy. — There is a general hyperaemia, with a tendency 
to haemorrhages in various organs. The mucous membrane of the 
stomach and the bowels is congested, while the lumen of these 
Organs may contain a dark slimy substance. There is fatty 
degeneration in the liver and kidneys, and in the former case this 
change is said to be more acute than in phosphorus poisoning. 
Microscopically necrobiotic changes are found in the cells of the 
liver, kidneys, and pancreas. 

Pathology. — The illness comes on suddenly in a person who has 
previously been in perfect health, and is characterized by primary 
or gastric vomiting, followed by a few hours of temporary cerebral 
vomiting, which is rapidly followed by convulsions, coma, and 
death, the average duration of the illness being twelve and a half 
hours. 

The poison appears to be an irritant to the stomach^ and to cause 
vomiting, which may rid the body of it, when the patient rapidly 
recovers; but if it remains in the system it acts upon the nervous 
system, causing the cerebral vomiting, convuLions, and coma, 
which, apparently, always end in death. 

Symptomatology. — Somewhere about midnight a child wakes up 
and complains of pain in its stomach, in a little time vomits its 
last meal, and after this feels better. In certain cases no further 
symptoms occur, and there is a rapid recovery. 

More usually, however, after a period of temporary relief the 
vomiting commences again, and may be accompanied by fever, while 
the vomit consists of frothy mucus. These symptoms continue 
until the child passes into a state of collapse, with cold sweats, a 
weak and rapid pulse, and irregular respirations. 

These symptoms invariably lead to death, which is preceded by 
convulsions. 

Variety. — In rare cases tliere is no vomiting, and only the cerebral 
svmptoms, drowsiness, convulsions, and coma, leading to death. 
This is the so-called ‘ vomiting sickness without vomiting.’ 

Diagnosis. — The cardinal points in the diagnosis are: — Its 
endemicity; its seasonal prevalence; its sudden onset in mem- 
bers of one family or in neighbours; in native children without 
regard to sex; the quick complete recovery of some cases, while 
others, after showing cerebral symptoms, end fatally; and finally 
the evidem e of having partaken of a meal containing ackees or their 
extracts. It can be diagnosed from yellow fever by the absence of 
the black vomit, and from cerebrospinal menmgitis by an absence 
of Koenig’s sign and of the meningococcus. 

Prognosis. — This is very bad, as some 80 to 90 per cent, of the 
patients die. If recovery is to take place, it is rapid and complete. 

Treatment. — No specific treatment is known. 

Prophylaxis. — Instruct the people not to use unsound ackees. 
This has been done, with the resuL that in 1916 there^were only three 
deaths from vomiting sickness in Jamaica. 
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TROPICAL POISONINGS 


ONYALAI. 

Sviionvms.-Edyuo(Bukoba); Kafindo (Congo). 

Dsflnitinn - \n acute disease of unknown causation, characterized 
bv the appearance of bulkc containing bJood on the surface of the 
body, the. tongue, soft palate, or buccal mucous membrane. 

History. The disease was discovered by Yale Massey in Angola 

in IQ04, and fully described by Wellman later in the same year in 
Portuguese West Africa, and by Feldman, in 1905, in East Africa, 
where it is called ‘ edyuo ’ by the natives of Bukoba. Mense (1906) 
thinks that the ' kafindo ’ disease of the Uiiyamwezi people of the 
Congo is the same disease. Hfurnorrhagic bulhe in the mouth, but 
without general symptoms, have been described by Maxwell in 
Changpo, South China, as being due to the accidental introduction 
into the month of a kind of spider’s web. 

/Etiology. — This is unknown, but Mense thinks it may be some 
kind of poisoning, perhaps with some species of the Euphorbiaccce. 
Wellman considers that it is not a manifestation of malaria; nor 
is it a vegetal poisoning, nor a snake-poisoning, though the bite 
of arietans, the puff-adder, simulates some cases closely. 

Neither trypanosomes nor bacteria were found. It is not a pur- 
pura luemorrhagica, nor Henoch’s purpura, nor Schonlein’s disease. 

Symptoms. — The onset is sudden, and is accompanied by lassitude 
and a dazed appearance. Sometimes the parotids arc tender, and 
the eyes may b(‘ somewhat reddened, and in about 66 per cent, of 
cases tlicre is a sliglil rise of temperature. Numbness and pain in 
various parts of tlie ])ofly may be noted. 

The appetite is ])oor; bulhe .may be seen on the tongue and in 
the mouth and pliarynx, while they also occur in the oesophagus, 
stomach, and bowels. The tongue is swollen and painful. Vomit- 
ing of blood is not rare, and bloody diarrhfua may take place, 
hhematuria has been noted, and cerebral hiemorrhage, with the 
usual signs, has been seen. It is believed that ha^morrliage into 
the pancreas, liver, and spleen, may take place in some cases. 
BulL'e may also appear in the skin, ranging from the size of a split 
pea to several indies in diameter. The typical biilhe, whether on 
a mucosa or in tlr: skin, extend deeply, involving the snbmucosa 
or the corium, and are crossed by fibrous trabecukc, in the meshes 
of which lies partially coagulated blood, which appears dark 
through the skin or mucosa. The red corpuscles are not disin- 
tegrated, and can be seen by the microscope. 

1 he disease is said to have a tendency to recur two or three 
times. 

Diagnosis. — The diagnosis from snake-bite maybe effected only by 
the history, as the bulke may not be visible on the skin or mucosa. 
Malaria can be excluded by the blood examination. Schonlein’s 
disease, or peliosis. is diagnosed by the rash, painful swelling of 
the joints, and the purpuric eruption. Henoch’s purpura is met 
with generally in children, and has joint symptoms as well as a rash. 
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Prognosis. — Wellman reports three deaths in fourteen cases, and 
says that the malignancy varies in different seasons and districts. 

Treatment. — Wellman thinks that arsenic in full doses is the best 
treatment. He says the natives use empirically Geigera wellmani 
Hatch and Albizzia anthelminiica A. Broga. Massey recommends 
large doses of bicarbonate of soda and coddiver oil. 
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CHAPTER LXXIII 

PELLAGRA 


Synonyms — Etymology — Definition — History — Climatology— etiology— 
Pathology — Morbid anatomy — Histopathology — Symptomatology-- 
Diagnosis— Prognosis — Treatment— Prophylaxis — References. 

Synonyms. — Italian : Uinor Salso, Scottatura di Sole, Malattia della Miseria, 
Mai del Sole, Malattia della Insolazione di Primavera, Risipola Lombarda, Mai 
della Spiciiza, Mai del Padrone, Jettatura di Sole, Cattivo Male, Mai della 
ATpera, Galore del Fegato, Salso, Pelandria, Pellarella, Pcllarina, Psychoneuro- 
sis Maidica, Mai Rosso, Maidismus, Lepra Italica Maidica, Scorbuto Montano, 
Scorbiito Alpino, Elephantiasis Italica. Spanish : Mai de la Rosa, Mai 
d’Asturias, Mai del Hlgado, Calor del Higado, Escamadura del Higado, Flema 
Salada. French > Maladie de la d'este. La Gale de Sainte Ignace, Mai de Saint 
Amans, Mai des Saintes Mains, Mai de Sainte Rose, Mauvais Dartre. German : 
Der Lombardische Aussatz. Roumanian : Buba Tranjilor, Rana Tranjilor, 
Parleala, Jupuiala. Greek: Gra^ci Elephantiasim. Egyptian: Inshup, 
Qushnf, Gofar, Lahooh. South America : Chichismo. 

Etymology. — The name ‘ pellagra ' is an Italian word, possibly 
coined by the peasants from two words — pelle, meaning ' skin,' 
and agra, meaning ‘ rough ' — though other possible origins are also 
given. It was introduced into medical literature by Frapolli in 
1771 in his work, ' Animadversiones in Morbum Vulgo Pelagram/ 
when he spelt it with only one I instead of with two. 

Definition —Pellagra is an endemic disease, usually of long 
duration and of unknown causation, which is characterized by 
cutaneous, gastro-intestinal, and nervous symptoms, which under- 
go exacerbations at recurrent intervals, usually in the spring or 
autumn. 

History. — When it is considered that pellagra has been over- 
looked in quite recent years in America, Scotland, and England, 
and probably in many other parts of the world, it will not be thought 
to be astonishing that ancient literature is silent as to its existence 
in Europe, but the absence of these references by no means proves 
that the disease itself was not present. Strambio finds that some 
of the symptoms mentioned in Hippocrates may be those of pellagra, 
and says that his description of ‘ Sollicitudo ' indicates a disease 
resembling the mental condition found in pellagra during an acute 
exacerbation. We have searched through Hippocrates, and have 
been unable to find anything which to our mind bears any resem- 
blance to pellagra. The peculiar symptoms from which St. Francis 
of Assisi, who lived in a district which to this day is pellagrous, 
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suffered, markedly resemble pellagra, as he had an eruption upon 
his hands and feet, associated with an extraordinary mental condi- 
tion; but though these speculations are interesting, they are far too 
uncertain to be of any use in determining the interesting point as to 
whether pellagra existed in Europe before the introduction of maize 
by Columbus. In 1578 the disease seems to have been known in 
Milan as ‘ pellarella,' but was confounded with eczema, leprosy, 
erysipelas, and scurvy, and 
no real importance can be 
attached to a simple name 
unaccompanied by any de- 
scription of the disease to 
which it was applied. A 
slightly more definite refer- 
ence is found in 1713 in 
Ramazzini’s work, ' De 
Morbis Artificium Diatriba,' 
under the heading ‘ Agri- 
colae,’ where he says: ‘ Eas- 
dem ob causas, iis perscCpe 
contingunt dolores colic i et 
a ff e c t o Hippocondriaca 
quam ipsi appellant, il mal 
del Padrone.' 

The recognition that the 
cutaneous, gastro-intestinal, 
and mental symptoms ex- 
hibited by the sufferers 
constituted a clinical entity 
was first made by Caspar 
Casal on March 26, 1735, 
but, unfortunately, was not 
published until 1762, when 
his work, ' Historia Natural 
y M6dica del Principado de 
Asturias Sequida de la 
Descripcion de la Enfer- 
medad conocida por el Vulgo 
con il Nombre de Mal de la 
Rosa,' appeared. Casal gave 
arepresentationof the disease 
(Fig. 736), showing the eruption around the neck and down the front 
of the chest (called Casal’s necklace), and on the dorsa of the hands 
and feet. With Sambon one of us has visited the Oviedo district 
of the Asturias in North Spain, where Casal first recognized pellagra, 
and find that, as regards the cases along the River Nero the disease 
exists as it did in his days. On December 2, 1740, a learned rnonk 
named Feijoo wrote to Casal stating that ' Mal de la Rosa ' existed 
in his native country, Galicia. Before CasaVs publication appeared 



Fig. 736. — Mal de la Rosa, 
(After Casal.) 
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the celebrated Thi^ry visited Madrid, where he met Casal, and was 
shown cases of pellagra, and afterwards he observed one case him> 
self On his return to Paris he wrote a paper entitled, * Description 
d’une Maladie appellee Mai de la Rose aux Asturies,’ which was 
published in the second volume of Vandermonde^s journal called 
‘ Recueil Periodique d’Observations de Medecine, de Chirurgie, et 
de Pharmacie,' in May, 1755- is pleasing to record that not 
merely did Thiery give a most excellent description of the clinical 
signs of pellagra, but he also gave full credit to Casal for his, as yet 

unpublished, great discovery. 1 ^ • 

These publications of Casal and Thiery laid tlic foundations of 
the modern Jaiowledge of pellagra. We will now turn t o the various 
countiies. and study, very briefly, the history of the disease therein. 

_Early in the eighteenth century the disease appears to be 
well known to the medical men of Cremona and Cremasco, as well 
as to Antonio Terzaghi at Scsto Calendc on Lago Maggiore, and to 
Francesco Zanetti, who recognized it in 1769 at Canobis, also on 
Lago Maggiore. It will thus be seen that pellagra, hinted at 
in 1578 in Milan, written about b}^ Ramazzini in 1713, had become 
a disease well known to the general practitioner and peasantry, and 
only rectuired an historian to become recognized by the medical 
profession. Tliis historian was found in P'rancesco Frapolli, one of 
the physicians in the large hospital in Milan, who in 1771 published 
his work, 'Animadversiones in Morbum Vulgo Pelagram,' in whicli 
for the first time the word ' pellagra ' (spelt with a single /) was used. 
This work, followed by those of a number of authors, drew more 
attention to the disease, with the result that the Patriotic Society 
of Milan offered a prize for the best essay on the subject, while the 
Kaiser Joseph founded a special hospital for pellagrins, and placed 
it under the charge of Gaetano Strambio, whose justly celebrated 
work, ' De Pellagra,’ appeared in three volumes during the years 
1786-1789. In 1787 two young Dutch doctors, Jensen and Hollen- 
hagen, and a young Frenchman, Levacher de la Feutrie, visited 
Italy to study pellagra, concerning which they published reports 
on their return to Holland and France. In 1799 Chevalier gave 
an account of Jensen’s work in the London Medical Rcvicxv and 
Magazine. In this way the knowledge of the disease called pellagra 
started and spread. 

In the meanwhile a disease called ' Scorbuto Alpino ’ had been 
definitely recognized Giuseppe Antonio Pujati in 1740 in F'eltre, 
to the north of Venice, and the same disease was found later by 
Antonio Gaetano Pujati, the son of Giuseppe Antonio Pujeiti, and 
Nascimbeni in the Venetian Friuli, and this disease found its his- 
torian in Odoardi, a pupil of the older Pujati, who in 1776 published 
his work, ‘ Di Una Specie Particolare di Scorbuto,’ in which an 
account of Professor Pujati’s discoveries was given. In this way 
the knowledge of the disease ' Scorbuto Alpino ’ was started, so 
that in Italy at this time there were described two separate diseases 
under different names, and found in different regions; and it was 
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not till Fanzago in 1789 published his work, ' Memoria sopra la 
Pellagra del Territorio Padovano/ that these two diseases were 
recognized to be one and the same. After this date the literature 
concerning pellagra increased considerably, but no work of great 
importance appeared until 1810, when Marzari published his book, 

' Saggio Medico-Politico sulla Pellagra e Scorbuto/ in which he 
laid stress upon ‘ maize ’ as the principal oetiological factor in the 
disease — a view which had previously been mentioned, but not 
so forcibly, by Casal and others. The importance of this work is 
that, ever since its publication, the maize theory in some form has 
been generally adopted in Italy. Marzari was of the opinion that 
it was the deficiency uf the gluten in the maize wliich was the main 
agent of the disease, but he also suspected toxicity. From Marzari 's 
time there are very numerous publications, among which may be 
mentioned those by Henry Hollaild in 1817 on the pellagra of 
Lombardy, published in the Medico-Cliirurgical Transactions, and 
by Zecchinclli in 1818. 

Rahirdini in iSgS* ii^ his work entitled ‘ Della Pellagra, del Grano 
turco quale Causa Precipua di quella Malattia e dei Mezzi per 
Arrestarla,’ promulgated the view that the causation was a fungus 
growing in the maize, which fungoid growth was called 'Verderame,' 
and was thought to bo due to Sporisorium niaidii>. This publication 
was of tlie greatest importance, as it afforded an explanation as to 
why the disease should attack some people and not others, and thus 
gave the maize theory greater importance. This subject was 
further studied by Costallat and others, who produced symptoms 
in chickens by feeding them on maize containing verderaine, which 
were said to resemble those of pellagra. 

In 1872 Lombroso began to study pellagra, and continued to do 
so till he died in 1909. He believed that the disease was an intoxi- 
cation produced by the toxins manufactured by organisms, harm- 
less in themselves, and growing on maize. More recently a view 
has been promulgated that the disease is due to good maize, which 
in certain people produces the symptims of the disease, and in 
others docs noc. Such, briefly, was the condition when Sambon in 
1905 began bis work, which he has continued up to the present 
time. This work, which is mainly epidemiological, has thoroughly 
shaken, if not completely destroyed, the maize theory, and has 
brought forward many facts which support strongl}^ a parasitic 
theory of the causation of the disease is well as a probability of the 
infection being spread by one of the biting flics. 

Spain . — The discovery of the disease by Casal in 1735 in the 
Oviedo district of the Asturias has already been mentioned, as well 
as the fact that Fcijbo had recognized it in Galicia. The next 
publication is by an Englishman, called Townsend, entitled ‘ A 
Journey through Spain,’ and published in three volumes in London 
in 1791. In the second volume, on p. 10, there is a short clear 
account of ' Mai de Rosa.’ This is the earliest known account of 
pellagra in Itnglish. In 1820 Eximeno made an inquiry into the 
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disease, and came to the conclusion that ' Mai del Hlgado,’ * Mai de 
la Rosa,' and pellagra were one and the same disease. In 1835 
Mendez Alvaro recognized pellagra in the malady called ' Flema 
Salada ^ and in 1847 Henriquez showed that ' Mai de Monte ' was the 
same disease. In 1849 Roussel visited Spain, and recognized that the 
disease in France and that in Spain were the same clinical entity. 
Since tliat date many excellent works have been published in Spain 
on pellagra, notably by Calmarza and Ro^, wliile of late the disease 
has been carefully studied by Huiteras, Pittaluga, and the physicians 

of Oviedo. . , r n 1 • 

The maize theory of the aetiology of pellagra has never gamed 

credence in Spain, and hence the term ‘ Spanish pellagra,’ or a 
pellagra not due to maize, has been used hy some Zeists as a medical 
synonym for a hoax. 

Porlugal.—TeUagni is known to exist in Portugal, but we are in 
the same condition as older writers, in that we can give no history 
of its recognition or spread. 

France . — We have already noted Thiery’s publication in 1755, 
and the fact that in 1787 a young Frenchman, Levacher dc la 
Feutrie, proceeded to Italy to study the disease, concerning which 
he subsequently published accounts in 1802 and i8g6; but it was 
Hameau in 1818 who first recognized the disease in France as 
occurring around Teste-de-Buch, in the Plain of Arcachon. Hameau 
was not acquainted with the literature which had sprung up con- 
cerning pellagra, and his observations were in reality a rediscovery 
of the disease. In 1829 he read an excellent dissertation on the 
subject before the Societ}^ of Medicine of Bordeaux, under the title 
‘Description d’une Maladic Noiivellc.’ It would appear that he 
considered it to be an infection in some way acquired from sheep. 
In all he observed no less than seventy-six cases. 

There is, however, evidence in favour of the suggestion that 
pellagra had long existed in France, and this is to be found in the 
fact that the peasants used to call the disease ‘ Mai de Saint Amans,’ 
because there was a statue to St. Amans in Bascons which was 
always moist, and this moisture was used by the pellagrins as an 
application to their eruption. According to Roussel, there was 
another curious custom followed by the peasants of the Landes, 
which was to visit a certain statue in which the Christus was repre- 
sented with red hands. The priest was wont to apply an ointment 
to these hands, from which the sufferers removed a little of the 
ointment and applied it to their own inflamed hands, feet, face, etc. 
From this interesting ceremony the disease was called the ‘ Mai des 
Saintes-Mains.’ Other popular names, such as ‘ Mai d’ Arouse ’ 
and ‘ Mai de Sainte-Rosa,’ tend to show that the common people 
were well acquainted with the disorder. Sambon has also informed 
us that some of Napoleon’s soldiers became affected by pellagra 
during the campaigns in Italy, and certainly cases are recorded in 
the Hotel Dieu and in the Hopital Saint-Louis, while Jourdan 
published a paper on the disease in 1819. 
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Bridre de Boismont in 1830 drew attention to the fact that 
pellagra occurred around Paris, and in 1847 Ardusset showed that 
the ' Maladie de la Teste ’ of Hameau was pellagra. In 1843 
Marchand, after investigations extending from 1836 to 1842, em- 
phasized the fact that pellagra was essentially a disease of the 
country, and not of the town. In 1845 appeared Roussel’s account 
of his researches in France and Spain, to which reference has already 
been made. In 1865 Billed published his account of asylum pel- 
lagra as a pseudo-pellagra — that is to say, a pellagra not due to 
maize. Sambon and one of us have investigated the pellagra of 
the Landes, where the disease has greatly diminished, and this 
appears to be associated with a diminution in the malaria of the 
same region, which appears to be due in part, at least, to the im- 
proved cultivation of the soil, the drainage of swampS; etc., and 
the stocking of the waters with fish. 

Austria. — The disease was first noticed in the Tyrol, where it 
is still very prevalent, and where it is being ably studied by 
Merk, Weiss, and others. In 1794 Fiicolas eind Jambon reported 
its presence near Vienna. 

Hungary anti Roumama. — In 1846 Lachaise drew attention to an 
epidemic of pellagra in Roumania, in 1856 Julius Theodoii reported 
its presence in the Danube provinces, while in 1862 Bouchard 
pointed out that Sigmund said that the Hungarian pellagra existed 
solely in the vast plains bordering the Rivers Danube and Theiss 
— i.c., in the Alfold — ^vdiich wene often covered by inundations. It 
is interesting to note that these rivers have been regulated, and 
that the disease is said to have considerably abated there. Be that 
as it may, there is to our personal knowledge a considerable amount 
of pellagra in Transylvania, where it has been studied by Hollander, 
Kaiser, and others, and in Roumania, where Babes says there are 
more than 200,000 cases. 

Macedonia.- C'dscs of pellagra have been observed by us in 
Macedonia. 

The British Islands . — Though reported as long ago as i860 by 
Brown, and again in ic^oq by Cranston Low in Scotland, no attention 
has been seriously paid to the disease until recently, when Sambon 
and one of us, searching through the British Islands, came across 
cases in both Scotland and England, and it appears probable that 
more definite information with regard to the spread of pellagra in 
these islands will soon be forthcoming. The interest with regard to 
these cases is that while it is impossible to mathematically exclude 
all possibility that a patient had never tasted a grain of maize, still 
it would be straining the maize hypothesis to an unjustifiable extent 
to try to make it apply to all of these oases. It is interesting to 
note that pellagra has been found as far north as the Shetland 
Islands. Of late years c|uite a number of cases of pellagra have 
been reported in the British Isles. 

Iceland . — We have no information as to the presence of pellagra 
in Iceland, with the sole exception of a statement by Holland that 
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he had seen cases in Iceland resembling the pellagra which he had 

observed in Italy. , 

Africa.— Thongh fiist noticed in Egypt by Pruner in 1847 under 
the term ‘ leproses/ its recognition therein is principally due to vSand- 
with, who found it in 1893, and to Keatinge and Warnock, who have 
not merely kept that knowledge alive, but have added considerably 
to the study of the disease. There is, however, still a tendency to 
consider pellagra a part of the syndrome of ankylostomiasis. 
More recently pellagra has been recognized in other parts of Africa, 
and it is possible that it will eventually be found to be widespread 
in that continent. 

America . — Notwithstanding careful inquiries. Wood has failed to 
discover any evidence of the existence of pellagra among the North 
American Indians during the eighteenth century, but he has found 
some evidence of cases in the early years of the nineteenth century. 
In 1864 Gray and Tyler first definitely reported cases in them, but 
though at times recognized, the disease was not generally admitted 
to be present until 1907, when Searcy reported eighty-eight cases, 
of which fifty-seven were fatal. From that date the works of Bab- 
cock, Lavincier, Siler, Roberts, Niles, Wood, and many others, have 
made the disease well known. In the meanwhile, pellagra has been 
recognized in the West Indies, Mexico, and other parts of America. 

Asia and Oceania . — During recent years pellagra has been recog- 
nized in India, the Straits Settlements, the Philippine Islands, and 
the Sandwich Tslands. 

Summary . — Tlie above history of pellagra demonstrates the ease 
with which the disease may be overlooked, even when abundantly 
present, by well-trained and most competent observers. It also 
impresses us with the fact that pellagra should be looked for in 
every country, without any preconceived idea as to its aetiology. 

Climatology. — It appears prol>able that before many years have 
passed, pellagra will be found to be prevalent all over the world. 
At present it is known to exist in: — 

Europe. — Scotland, England, France, Spain, Portugal, Italy, 
Austria (including the Tyrol, Bosnia, and Herzegovina), Hungary, 
Roumania, Russia, Serbia, Macedonia, Bulgaria, Greece, and Turkey. 
Cases have been reported as far north as the Shetland Islands. 

Africa.— Tunisia, Egyq)t, Central Africa, Rhodesia, and 
South Africa. 

Asia Minor, Persia, India, and the Straits Settlements. 

Oceania . — Sandwich I slands. 

America.-AJmied Stales, Mexico, Wes1 Indies, Brazil, Columbia, 
and the Argentine. 

The feature of the last few years with regard to the climatology 
has been the recognition of pellagra as an endemic disease in Scot- 
land, England, and the United States. Mere geographical di.stri- 
bution per se is not so important as an epidemiological inquiry 
into the actual localities in which the disease occurs. Pellagra 
is essentially a disease of long duration, and patients are capable 
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of moving far from the place in which the first symptoms appeared, 
and, again, the first symptoms often appear in early childhood and 
reappear after some years' interval, when the patient may be 
living in quite a different district from that in which he resided 
during his younger years. It is therefore necessary to prepare 
and study spot maps showing where the patients were first attacked 
by the signs and symptoms of the disease, and this is being done 
at the present time by Sarnbon, vdiose results will be awaited with 
interest. In general it may be stated that inquiries of this nature 
show that by far the larger number of cases occur in country dis- 
tricts, and not in towns, and that the densest localization is in 
houses near or alongside certain streams. In fact, study the locali- 



Fig. 7^7.'--Seasonal Variation in the Admissions for Six Years of 
Pellagra Cases into the Kasr-el-Ainy Hospital, Cairo. 

(Specially prepared by Kcatinge and Stiven.) 


zation in what country you will, as we have done in France, Spain, 
Italy, Austria, Hungary. Koumania, and Egypt, it is impossible 
not to be impressed with the relationship between pellagra and 
water. Generally the water is moving, and often it is moving 
rapidl3^ but tin's last does not appear to be absolutely necessary. 
As a rule, the nearer the dwellings arc to such water, the greater 
the number of cases. Cases do, however, occur at a distance 
from water, but inquiry will often demonstrate that the affected 
people work near or have been in some way connected with a 
stream. Cases do occur in towns, but they are relatively few, 
and careful inquiry will usually elicit a perhaps almost forgotten 
fact that the disease really began after some visit to the country. 
Inquiries, however, must be made with care, otherwise wrong im- 
pressions may be obtained. One of the most interesting cases 
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which we have met with was that of a young boy who was sup- 
never to iiave left a large town, and yet was suffering from 
Sera Careful inquiry elicited the fact that he was m tlie habit 
King for a day or s6 every year to slay with some relatives 
who Jived in a pellagrous area, and the time of the year chosen for 
this visit was one in which acute cases occuiTed. In a locality 
pellagra usually occurs among the poor, especially among field 
labourers; but it may also occur among the rich and among 
persons who habitually work indoors; it is, however, usually not 
difficult to trace a relationship between the commencement of the 
disease and a visit or residence in some pellagrous area, and very 
often, again, a relationship to water. 

With regard to seasons, there is a universal consensus of opinion 
that most attacks appear in the spring or early summer (in Hgypt 
with the Khamseen), after which there is a diminution in the cases, 
and although attacks may begin in the summer, they are not 
common. In the autumn, however, there is a definite, though 
secondary increase in the number of cases, which decrease almost 
to nil in the winter. These statements arc well borne out by the 
curve of pellagra admissions into the Kasr-el-Ainy Hospital, 
Cairo, for the years 1906-1911 inclusive. This curve, for which we 
are indebted to the kindness of l)r. Keatinge, was most carefully 
prepared by Dr. Stiven, and demonstrates the incidence of pellagra 
as seen in that hospital. 

Pellagra may occur in hilly or even mountainous regions, where 
it is often very common — as, for example, the Tyrol — but can 
equally occur on the flat alluvial deposit of rivers — as, for example, 
the delta of the Nile. It would appear that pellagra extends from 
near the Equator to the Shetland Islands in the north, and to South 
Africa in the south, and that it encircles the world in an easterly 
or westerly direction. In our experience the one important factor 
to be certain that pellagra is endemic in a region is to find it in 
very young children born in the region from which they have never 
stirred. 


To summarize, pellagra has a world-wide distribution. It 
occurs in lulls and plains. The cases are densest near moving 
fresh water, and usually begin in spring or autumn. 

.ffitiology.- — The causation of pellagra is at the present time 
unknoun, so that we arc compelled to consider possibilities 
instead of facts — a point which we desire the reader to bear in mind 
N\Tile perusing the remarks we are about to offer for his con- 
sideration. 


Ihe extraoi'dinary theories which we have found still in existence among 
medical men in the various pellagrous regions which we have visited arc; — 
I i hat it is not a disease, but merely dirt, and can be cured by turpentine, 
soap, and water. Ihis theory of course applies only to the quiescent stage 
of a very chronic case, and is easily excluded by a little knowledge of the 
disease. 

2. Ihat it is not a disease per se, but merely a series of stray symptoms, 
and that no one has studied the cases from the commencement of the disease 
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to its fatal termination. A study of merely Hameau's writings, excluding all 
the modem Italian, Roumanian, and American literature on the subject, 
would, we think, satisfy any unbiassed person that this view is untenable. 

3. That it is not a disease per se, but merely symptoms of some other 
well-known disorder. The disease which it is most commonly said to belong 
to is ankylostomiasis, but most of our readers will themselves have treated 
many cases of ankylostomiasis without meeting with the symptoms of 
pellagra, and many will be acquainted with pellagrins who show no signs of 
ankylostomiasis . 

The above can be easily dismissed, and would not have been men- 
tioned if we had not personally met with believers in all of them. 
With regard to the more likely theories, we must discuss the 
following : — 

I. The deficiency theory. 

IT. The maize theory. 

III. The parasite theory. 

I. The Deficiency Theory.— In Chapter IV., p. 94, we have 
briefly traced the evolution of foods and the effects of a low protein 
dietary, as well as the effects of certain nitrogenous complexes on 
man, and therefore need not recapitulate what we have written on 
those pages. Arguing upon the theory of the causation of beri-beri 
by the absence of a nitrogenous complex, some people have asked 
whether pellagra may not be due to the lack of some nitrogenous 
complex in the food; and, further, it has been suggested, or rather 
hinted, that this might explain, not merely the maize theory of 
pellagra, but those cases in which no maize has been eaten, but in 
which the diet has been largely oatmeal or rice. Thus, Nightingale 
in his paper on Zeism, which appears to us to be pellagra, finds that 
when steam-milled mealie bread alone was supplied to the prisoners 
in the Victoria Gaol in Rhodesia the disease broke out, and when this 
was stopped, and meat, vegetables, and rice were substituted, the 
epidemic ceased ; and when hand-milled rapoko (maize) was obtained, 
the effect, in Nightingale’s words, was ‘ immediate and almost 
magical,' as the patients began quickly to recover. In this rapoko 
the husk was not eliminated by the hand-milling. The parallel 
between this and beri-beri is obvious. In our opinion there is one 
great flaw in this theory, and this is that pellagra may occur in 
people provided with an excellent dietary. To this it might be 
replied that some peculiarity of the individual's body destroyed 
the necessary vitaminc, but this argiuaent is, to our minds, rather 
strained. Modern work tends at the moment to support this theory 
as being the true course of the disease, but there are many difficulties, 
and it cannot be said to be proven. 

II . The Maize Theory. — Much of a most convincing nature, if left 
unanalyzed, can be written in support of the maize theory in general. 
It can be pointed out that maize (Zea mats Linnaeus) was originally a 
native of America, where it has been found in its ancient form of 
small grains in the graves of the Incas, and that it was introduced 
by Columbus or his followers into Europe, where it did not grow 
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well in certain countries, like the British Islands, which, therefore, 
remained free from the disease until the nineteenth century, when 
importation of maize took place in greater quantities than hereto- 
for(^, ])ut wlierc now there is plenty of maize sold as pop-corn for 
children, and it may j)ossibly be made into bread, cakes, scones, 
porridge, etc., wliile whisky is often partially made from the same 
grain. On the other hand, it grew well in Spain, Italy, and PVance, 
and that its introduction into a country lias always been followed 
by the apj’iearance of pellagra in that country, and quotations 
supporting maize can be drawn even from the writings of its most 
vigorous opponent, Sambon, who states: — ' From authentic docu- 
ments of the time we learn that melica,'' or fromentonc ’ 
— i.e.y maize — 'was grown in Cremona in the sixteenth century, 
and ... in 1556 a Cremona nobleman offered the Duke of 
Florence ten staia of Die new cereal.' When this stalement that 
there is plenty of maize in Cremona in 1556 is compared with the 
statement tliat ])ellagra was well knovui in Cremona about 1700 to 
peasants ejid medical men alike, a Zeist would maintain that, 
allowing for tlie disi'ase, b(‘ing so liable I0 be overlooked, this was 
a remarkiibk' coincidcaice. Another epidemiological fact which, 
taken by itself, would strongly support the maize theory is the well- 
known fact that in the delta of tlie Kile there is plenty of pellagra 
and plent v of maize, but as the Nile is ascended the maize diminishes, 
milh't being used instead, and ihv. incidince of pellagra also di- 
minislies, and at present it is said to be unknown south of Assouan, 
which statement innst be received witli caution, as pellagra has so 
often been laqmrled absent from places where it is now known: and, 
moreover, ]X'llagra is known to exist in Central Africa. In Columbia 
pellagra is said to l)e found onl}^ in ])eople who regularly take a 
drink made from ft'rmented maize. This drink is called ‘ chicha ’ 
and the malady ‘ chichismo.' Tlie Zeist states that pellagra is 
found wlu'rever maize is used, at all ewents, as an important article' 
e)f food. As a matter of fact, maize, either growing or imjiorted, 
is found all over the weirld, and ])edlagra weinld appear alse) to be 
founel all ewen the weirleh 

Against the maize tlie'ory thean are the facts that tenet to demon- 
strate that ])erse)ns who are alk'geel never to have tasted maize have 
suffered from pedlagra; meireen'e r, relapse's liave occurred after three, 
five, and e've'n fifteen years’ resiele'iice i]i gaols or asylums in which 
maize is not merely iieT alleiwed teibe used as an article of diet, but 
care', is taken, by inspe'ction and by periodical chemical and micro- 
sceipical ewaminatieui, to e'xclude it. A Zeist would answer to these 
eibjections tliat there was seime fallacy, and that nothing short of 
being the' victim yeinrse'lf weuild make it rcasonabl}^ ce'rtain that 
maize was not consiimeHl, and even tlu'ii it might have been eaten 
unwittingly: anel, furtlu'r, that all safe^guards designed to prevent 
food sophistications in institutions break down. 

Notwithstanding this, seime of the Scotch cases appear to exclude 
the peissibility of maize being an ndiological factor, and prophylactic 
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work on this basis has been so far a failure, for, although the disease 
has diminished in certain regions for a time, it has later returned 
with considerable vigour. With regard to the presence of pellagra 
in Europe before the introduction of maize there is no trustworthy 
evidence, and the possible occurrence of the disease in the celebrated 
St. Francis of Assisi is only an interesting speculation. 

After carefully considering all the facts in support of the maize 
theory, and comparing them with those against, we have come to 
the opinion that the maize theory, in general, is so far based upon 
insufficient foundations. It is, however, necessary to lay before 
the reader the various phases of this theory, which may be classified 
as follows: — 

1. Photodynamic theory. 

2. Deficiency. 

3. Toxicity. 

4. Infectivity. 

I. Photodynamic Theory. — The special promote^ of this theory is 
Raubitschek, whose work has tended to show that an exclusive 
maize diet, good or bad, proves deleterious to white mice and guinea- 
pigs if these animals are exposed to sunlight. He also suggests that 
an exclusive diet of other cereals, such as rice, millet, or wheat, 
might, under similar circumstances, produce the same phenomena. 
This theory maintains that photodynamic substances are introduced 
by the cereals into the blood, and these, under the influence of sun- 
light, become toxins, and thus cause inflammation of the skin 
and other symptoms resembling to some extent pellagra. More- 
over, Raubitschek maintains that he has cured mice suffering from 
fagopyrism by keeping them in darkness, even though tlie diet was 
unaltered, and, further, that he has obtained favourable results 
by excluding light from the skin of pellagrins by means of darkened 
rooms, red windows, ointments, bandages, etc. Hirschfelder has 
searched for this fluorescent (photodynamic) substance in the 
blood serum of hve patients suffering from severe pellagra, and 
found that there was no difference in the fluorescence between 
their serum and that of healthy persons. Moreover, fagopyrism 
only occurs in white animals, and not in black; whereas pellagra 
can occur in the jet black negro, which appeeirs to us to be a strong 
objection. 

2. Deficiency . — This theory has been mentioned above with regard 
to the absence of nitrogenous complexes, and it only remains to 
add that protein deficiency has also been brought forward as a 
possible explanation of the action of maize in producing pellagra, 
but has no sound foundation. Moreover, many people live on rice 
and potato, which have lower nitrogen ratios than maize. 

3. Toxicity. — Volpino, Mariani, Bordoni, and Alpago-Novcllo, 
have made investigations with regard to inoculating maize ex- 
tracts into patients, obtaining several general reactions. These 
experiments support the latest view, which is really only the revival 



PELLAGRA 


1712 

of an older view, that normal maize in certain individuals may 
produce pellagra, or, in other words, that there is an individual 
susceptibility to maize. This subject has been recently carefully 
investigated by Rondoni in human beings. He procured his maize 
from the domestic store of certain pellagrins, and haying tested 
his cases for tuberculosis by von Pirquet’s test, administered ex- 
tracts of the maize by intramuscular injections to thirty-three 
pellagrins and thirty non-pellagrins. He did not find any violent 
reaction, as described by other writers, but he found that recent 
cases of pellagra and convalescents reacted more definitely than 
non-pellagrins, showing slight fever, headache, malaise, excitability, 
and sleeplessness, and considered that this increased sensibility 
might be regarded as an anaphylactic reaction to some undefined 
factor in the maize extract. If this anaphylactic theory held, then 
any person who for a few weeks ate a quantity of maize at any time 
of the year should develop acute pellagra. The Illinois Commission 
attempted anaphylactic tests by von Pirquet's method, substituting 
maize extracts for tuberculin, and the result was negative. 

A second theory states that pellagra is due to toxins produced 
during the spr ing by the germination of the maize. The objection 
to this is that some cases start in the autumn. 

The third theory asserts that poisons are generated in the bowel 
from the grain (Ncusser) by the aid of the Bacillus coli communis.. 
(De Giaxa). This latter theory of De Giaxa is supported by experi- 
ments, for he produced the symptoms in animals inoculated by the 
toxin produced by growing the B. coli communis in maize media. 

Numerous observers have reported poisons in fermenting maize. 
Thus, Lombroso in 1871 obtained two alkaloids, one like conium 
and the otlier like strychnine, but the symptoms produced by these 
on men and animals were not like those of pellagra. Others have 
reported tetanic or narcotic poisons, etc., but, on the other hand, 
Monselice failed to obtain any such poisons in damaged grain from 
pellagrous districts. 

4. Injcctiviiy. — At the present time the popular belief is that the 
disease is caused ])y maize damaged by being cultivated and har- 
vested under unfavourable circumstances, and stored in such a damp 
condition that it becomes mouldy. This has been supported by 
Hirsch, who points out that a bad maize harvest is followed by an 
increase in the cases of the disease. The theories as to the sub- 
stance in the damaged maize which causes the disease are manifold, 
and may be classed into [a) fungi, [h) bacteria, (c) chemical sub- 
stances. 

(a) Fungi. — Monti and Tirelli showed that fungi were commonly 
found in maize, those most usually met with being Fcnicillium 
glaucum, Rhyzopus nigricans, Mucor racemosus, and species of 
Aspergillus and Saccharomyccs. 7 'he special fungus, Sporisorium 
maidis, described by Ballardini in 1845 as the cause of the disease, 
is probably only Penicil Hum glaucum or Mucor racemosus, the former 
being held by some writers to be the causative agent, but its effects 
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on men and animals are quite different from pellagra. Aspergillus 
fumigatus and Aspergillus flavescens (or A, varians) have been 
obtained by Ceni in pure cultures from the lungs, pleura, and 
pericardium of pellagra cadavers, but the symptoms of the disease 
are quite different from aspergillosis. Later, Ceni and Fossati have 
stated that the real cause of the disease is the toxin from the fungi. 

(b) Bacteria. — Monti and Tirelli showed that many bacilli grow in 
maize — e.g., Bacillus solanacearum, and another like B. subtilis — 
and it has been shown by Paltauf that the so-called B. maidis of 
Majocchi and Cuboni is only the common potato bacillus. Another 
bacillus, called B. pellagrcB, is stated by Carrarioli to produce toxins, 
which, when injected into animals, produce the typical symptoms 
of the disease. 

Tizzoni has described a bacillus found in the cerebro-spinal fluid 
of pellagra patients and on maize, but this bacillus will be con- 
sidered at greater length below. 

The maize theory is therefore by no means proved, and in fact 
is, in our opinion, very doubtful. 

Parasitic Theory. — The parasitic theory of the origin of pellagra, 
which is supported, to a certain extent, by our own observations 
and by the Illinois Commission, who conclude that it is a disease 
due to infection with some living organism, may be classified into: — 

A. Vegetal parasite. 

Tizzoni’s streptobacillus. 

B . A nimal parasites. 

Alcssandrini's theory, 1910. 

Long’s theory, 1910. 

Perroncito’s theory, 1910. 

Babes’ theory, 1911. 

Sambon’s theory, 1905. 

Tizzoni’s Streptobacillus. — ^This is really a part of the maize 
theory, as Tizzoni has found the bacillus on maize; but it is also 
a genuine parasitic theory, because he has also found it in the blood, 
cerebro-spinal fluid, and organs of pellagrins after death. He has 
found it in both acute and chronic pellagra; it is a non-spore- 
bearer, and resists temperatures of 80° and 90° C. for one hour. 
It is easily cultivated, and is believed to.be taken into the body with 
the food, so causing the infection. Tizzoni claims that this organism 
is the cause of the disease, but this claim has been refuted by Wood, 
Raubitschek, the Illinois Pellagra Commission, and others, and 
therefore cannot be accepted as proven. 

AlessandrinTs Theory. — From epidemiological researches 
mainly undertaken in Umbria, Alessandrini has come to the con- 
clusion that there is some relationship between pellagra and drinking- 
water, and he has found a slender nematode worm in the drinking- 
water of pellagrous places. This worm, which he places in the 

108 
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family FilariidiE, he considers to be the cause of the disease. He 
also states that he has found a filarial egg in the skin of pellagrins. 

According“ to Sarnbon, who has seen Alessandrini s specJinens, 
the thick-shelled egg belongs to one of the nematode worms infect- 
ing pigs. Alessandrini ’s theory has not received much support up 
to date. 

Long’s Theory.— This theory suggests that pellagra is merely a 
phase of amoebic dysentery, but the Illinois Commission, as well as 
the observations of Sambon and one of us, do not support this 
theory. Dysenteric-like ulcers can bo found in the intestine, but 
they often do not contain amoebse. 

Perroncito’s Theory. — Perroncito has found peculiar parasitic 
bodies in the skin of pellagrins. This is an important statement, 
and further investigation of these forms is awaited with interest. 

Babes’ Theory.— Babes states that he has found bodies re- 
sembling a Chlarnydozoon, in the skin. 

Sambon’s Theory. — This theory is double-barrelled — it 
brings forward the proposition that pellagra is a protozoan infec- 
tion, and that it is spread by the agency of a biting tly. 

Parasite . — His reasons for believing that it is a parasitic disease 
are almost entirely epidemiological. They are:— 

1. The Mononucleosis present in the blood. 

2. The Presence of Long Intervals of Quiescence, followed hy a 
Relapse. — Tlius, a young pellagrin with marked symptoms who 
comes to London, and receives most excellent food, without any 
admixture of maize, suffers from a mild relapse every year in the 
mouth of Ai)ril. In this case there can be no question of maize 
causing tliese relapses. Further, we may state that the young 
person appears to be in the very best of health at the time of writing 
(January). Similar, but not such convincing, cases have often been 
re])orted in gaols and asylums, as mentioned above. 

Siler and Nichols in Peoria Asylum filled two cottages with 
about sixty insane persons in each. One cottage was placed on 
a generous maize diet and the other on a maize-free diet. At the 
end of twelve months the maize-eaters had four certain cases and 
one doubtful case of pellagra, while the maize-free group included 
five certain and five doubtful cases of pellagra. Probably these 
were merely relapses of the disease which had occurred long before, 
but as we liavc only seen a summary of the Illinois Pellagra Com- 
mission Report, we cannot give details. 

A point has been made that, while patients in asylums develop 
acute symptoms, the attendants do not, and this is held to be an 
argument against the para.sitic cause of the disease. But this 
is just where the experience of Sambon and one of us differs from 
those of many authorities, because we have seen the disease begin 
so often in early childhood. The youngest case seen was three 
months of age, and we have obtained excellent histories of long 
intervals occurring between one series of acute attacks and the next. 
We look upon these asylum cases as probably relapses of earlier 
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attacks, and are therefore not surprised that attendants are not 
attacked, because probably the agent of the conveyance of the 
disease is not present in the vicinity of the asylum. 

In other asylums, however, it is possible ‘that, if suitable con- 
ditions were present, the disease might spread among the inmates 
and attendants. 

3. The Constant and Characteristic Topographical Distribution . — 
We have already drawn attention to the topographical distribution, 
and to the fact theit pellagra remains endemic in the same localities 
for very long periods, and we have also referred to the case of a 
young boy developing pellagra, though constantly residing in a 
town, after a brief visit to a pellagrous region. The case of the 
fishermen of Burano [vide infra) may also be quoted; and, finally, 
attention may be invited to many similar instances quoted by 
Sambon in his able ‘ Progress Report on the Investigation of 
Pellagra,’ published in London in 1910. Associated with this, it 
may be mentioned that of two places almost contiguous one may be 
affected and the other not. 

4. Its symptoms, course, duration, morbid anatomy, as well as 
therapy, are similar to those found in parasitic diseases. 

5. SpirochcBte. — Sambon found a spirochsete in the liquor from 
a bulla on the hand of a case of acute pellagrous dermatitis in 
Roumania. 

These points will be dealt with under Pathology, and need not 
be discussed here. 

Objections. — The principal objection to Sambon’s theory is that 
up to the present no parasite has been definitely associated with 
the disease, but this may be at any time rectified in the near 
future. 

The very few experiments performed on white rabbits, by inject- 
ing liquor cerebro-spinalis, blood from the erythema, or lymph 
from bullae, subdermally or into the spinal canal, have produced 
no definite results, nor have attempts at intradcrmal inoculation 
of these animals with the same fluids been more successful. Neither 
have the attempts made by the Illinois Commission to transmit 
the disease to monkeys and guinea-pigs met with more success. 
Recently, however, Siler in a communication to Sambon has stated 
that injections of defibrinated blood taken from pellagrins have 
produced pcllagra-like symptoms in monkeys. 

In our opinion there is need for much more extended experiments, 
and we are supported in our belief by the finding of the Illinois 
Commission that 'Pellagra is a disease due to infection with some 
living organism.' 

Carrier. — Sambon, however, has not been content to remain 
with an incomplete theory, but has advanced the view that the 
disease is conveyed by some biting fly. 

His reasons for this theory are; — 

T. Pellagra is essentially a disease of rural districts. 

2. It is in some way related to moving water. 
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k It has a definite seasowa/ incidence — spring and autumn— 
which coincides with the appearance of certain flies. 

4. It largely affects field labourers and new residents in endemic 

^*'5^*11 is not contagious, and neither food nor water can account 

for its peculiar epidemiology. . 

6 In the endemic centres it affects all ages, both sexes (as a 
rule females are more frequently attacked than males). 

7. An endemic centre is one in which it is usually easy to find 
young children with the symptoms of the disease. 

8. In endemic centres whole families may show signs of the 
disease, but outside these only one or two individuals may be 
affected. 

Researches on the Island ofBurano in the Venetian Lagoon.- — With 
regard to the theory of a biting fly, Sambon is supported by the 
inquiry into the pellagra of the Island of Burano made by himSelf, 
Colonel Belli, and one of us, in which it was found that the fisher- 
men and the boys who went fishing with them, were attacked by 
the disease, while the men who worked in the Venice Arsenal were 
said by the medical authorities to be free from the disease. The 
women, the girls, and the young children showed no signs of pellagra, 
with the exception of two or three women, who gave a history of 
working on the mainland or on other islands adjoining. Many 
of these young children, girls, and even women, were alleged 
never to have moved from Burano, with the exception in some 
instances of an occasional visit to Venice. These points are con- 
trary to tlie maize theory, as all the inhabitants in Burano eat maize. 
They are also against a hereditary transmission of the disease, for 
with pellagrous fathers it would be imagined that the young children 
should show signs of pellagra, especially as the male influence is 
said to be preponderant by those who believe in the heredity of 
pellagra. They arc against sexual infection, as the women would 
acquire the disease; they are against infection by contact, by 
kissing, etc., because certain men and boys have the disease, but 
the women and girls arc remarkably free; they are against a para- 
site being carried from the sick to the healthy by house parasites, 
such as bugs or fleas, or personal parasites, such as lice. The 
difference between the persons who suffered from pellagra in Burano 
and those who did not appeared to be the fact that the former 
either worked upon other islands or fished on the lagoon and up 
the streams leading into the lagoon. On the other islands and on 
terra-firma there are plenty of pellagrins, and everywhere there is 
a history of small black biting flies occurring on quiet days in the 
early morning or late evening. 

Sambon considers that the peculiar feature of the erythema 
coming in the spring and the autumn must be a correlation with 
some insect, and considers that the Simuliidse or some allied family 
would be the most likely to supply the requisite fly. He chose first 
the Simuliidse because its larvae lived in running water, and because 
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it had two seasons, during which it appeared in swarms and at- 
tacked man and animals — viz., spring and autumn, and not in 
summer — a fact which we have been able to confirm for one of the 
regions’Which we visited. 

The Illinois Commission and many others have been unable to 
support the relationship of pellagra to Simulium. 

The epidemiological evidence in favour of the spread by a biting 
fly is, however, very strong. 

Summary. — It appears to us that while at present the causa- 
tion of pella^a is unknown, and while the modern tendency 
is to claim it as a deficiency disease, still the investigations 
of a possible protozoan parasite and its carrier should not be 
given up. 

Predisposing Causes. — Sex would appear to be a predisposing 
cause, because the disease is often more prevalent in v/cmen than 
in men, and this would not appear to be so mysterious as it seems 
at first sight, for if there is anything in Sambon’s fly theory, the 
women ought to be more exposed to the flies than the men, because 
they wash the clothes in the neighbouring streams. In one place 
where this incidence was most marked the men worked all day 
underground in mines, and the women presumably in and about the 
houses, which were on the banks of a fly-infested stream. Here 
the children also were much affected. In interesting contra- 
distinction is the incidence in the women of Burano, who mostly 
work indoors and among whom pellagra was very rare; but it was 
common among the fishermen and boys who fish in the rivers, etc., 
where biting flies are common. 

Age would not appear to have any marked influence, but it 
would seem as though the disease was very prevalent — in a mild 
form, at all events — in the early years of life, as the children of 
a pellagrous district are often early affected, and some of these 
attacks are by no means mild, but very severe. 

With regard to social position, poverty, lack of sufficient food, 
and bad hygienic surroundings, it was long considered that these 
had a marked influence in producing the disease, but though they 
may help, as they would, with almost any form of disease, still, 
the American and our own experience show that they have no real 
connection with pellagra, which can equally well occur among the 
well-to-do, the well-fed,and those living in circumstances of good 
hygiene, though more commonly met with among the poor and those 
ill-fed and living in circumstances of bad hygiene. 

There is a definite correlation between the lowering of the general 
resistance of the body against disease and an acute exacerbation 
of pellagra. Thus pregnancy, an attack of any illness, but especially 
enteric fever, may induce either an exacerbation or the first re- 
membered attack of the disease. 

Sunlight 'per se is not a causal factor, as far as we know, in the 
disease, but it is a powerful predisposing cause in helping to develop 
the dermatitis. 
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Pathology.— As the causation of pellagra is entirely unknown, 
the pathology must be purely speculative 

TheZeists sec in the phenomena exhibited by the morbid anatomy 
and histopathology changes which appear to them allied to those 
found in scurvy, bcri-beri, or ergotism, and believe that these 
changes support the maize theory. , • , 

TIk; Fagopyrists see in the phenomena found m the skm lesions 
as well as' in those of the rest of the body the signs and symptoms 
which can be produced in white animals fed on maize and exposed 
to sunlight, and believe that these changes support the photo- 
dynamic theory. 

Those who support the Parasitic Theory quote the mononucleosis 
of the blood, the leptomeningitis, the perivascular infiltration, 
and the primary degeneration of the nerve cells, as well as the 
long intervals of apparent quiescence, as phenomena similar to 
those seen in syphilis and sleeping sickness, and therefore believe 
that these changes support the parasitic theory. 

Sambon, however, has extended the parasitic theory by arguing 
that the erythemata appearing on the hands, feet, face, and neck, 
and more rarely on the genital organs, in the spring and autumn, 
are brouglit about by tlic combined action of the parasite, whatever 
it may be, and sunlight in correlation with the habits of some 
biting fly. From epidemiological studies lie suggested that some 
member or members of the family Simuliidai might be the insect 
in question. lie came to tliis conclusion because of the known 
liabits, life-liislory, etc., of the Simuliidai, which were in general 
agreement with tlie epidemiology of pellagra. 

The reason wliy there is such a confusion of ideas with regard 
to the pathology is not difficult to understand, as a post-mortem 
made on a case of acute pellagra within an hour or so of death 
is of great rarity, and has often been performed under conditions 
of difficulty as regards cleanliness or preparation. Post-mortems 
on cases of recurrences or of chronic pellagra have been abun- 
dantly performed under the best auspices, but the main features 
of the disease are often obscured by secondary changes; while 
even in the acute cases the phenomena are complicated by the 
presence of malaria, typhoid, tuberculosis, syphilis, etc. 

Notwithstanding all these objections, there is some evidence in 
favour of an early lesion of the central nervous system, especially 
the posterior portion of the spinal cord in the lower cervical and 
dorsal regions, as congestion and haemorrhages have been found 
there, while in the more chronic condition degeneration of the 
cells in the posterior cornu, in Clarke’s column, and in the spinal 
ganglia have been seen, as well as the later degeneration of some 
of their axones. Further, according to Brugia, acute degenerative 
changes can be seen in the cells of the sympathetic ganglia of the 
cervical and abdominal regions associated with a diffuse, round- 
celled infiltration of the interstitial tissue, which eventually leads 
to sclerosis. Degenerative changes have also been recorded in 
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Purkinje’s cells, in the cerebellum, and in the cortical cerebral 
cells. 

If these accounts are confirmed, they might be found to stand 
in relationship to the angio-ncurotic process in the skin, the con- 
gestion of the alimentary canal, the vertigo, and the mental 
condition. 

However, all these points are at present extremely obscure, and 
are only brought forward here because they appear to require 
investigation. 

The lesions found in post-mortems in cases of acute pellagra, in 
o ir opinion, apparently support the theory of some protozoan 
parasite, as suggested above, acting upon the central nervous 
system and the autonomic nervous system. 

Morbid Anatomy —The principal point in studying the morbid 
anatomy of pellagra is to attempt to distinguish bclv;c^n the ap- 
pearances truly produced by the disease and the signs caused by 
complications. As we are unacquainted with either the ietiology 
or the pathology of pellagra, this is most difficult, and only an 
attempt, which may possibly be fallacious, can be made. 


The Essential Lesions. -—0\iv experience would indicate that in acute cases 
the body need not be emaciated, and that no trace of the erythema may be 
visible, but that the lines of demarcation can, as a rule, be easily seen on the 
arms, legs, and neck, as well as thickened or pigmented areas of the ejiidermis, 
bullae, etc. 

In these cases there may be fluid, and at times haemorrhages under the 
cerebral dura mater, oedema and tliickening of the pia-arachnoid , which, 
however, is not adherent to the cortex. The ccrebro-spinal fluid is usually, 
but not always, increased in amount. In the cord there may be .subdural 
haemorrhages, sometimes extensive, especially in the region of the lower 
cervical and upper dorsal cords, and there may be congestion of that area 
of the cord; otherwise the naked-eye appearances of brain, spinal cord, and 
nerves, may be normal. 

Sometimes the alimentar}^ canal is almost normal, but this is rare, and 
usually there is more or less congestion and at times (wen ulceration of the 
mucosa of the small intestine, and the valves of Kckring may show .small 
haemorrhages. Th(’ ileum may be thinned, and Peyer’s patches may be 
diminished in number and atrophied (these lesions are, of course, found in 
many diseases). The large bowel may be thickened, congested, and ulcer- 
ated, l)ut the ulcers need not contain amoebae. Pancreas, liver, and kidneys 
may show signs of cirrhosis (the above intc.stinal lesions are often associated 
with polyfibrosis). The mesenteric glands may be enlarged and congested. 
The spleen may or may not be slightly enlarged, and the suprarenal capsules 
may be larger than normal, and the cortex may be black, while the medulla 
is whitish in colour; but, on the other h?ad, the capsules may appear to 
be perfectly normal. In chronic cases the body is often emaciated and anaemic, 
the skin rough, hypertrophied in places and atrophied in others, the changes 
being marked on the face, neck, arms, hands, legs, and feet. The subcutaneous 
fat is diminished. The muscles, heart, liver, spleen, and kidne 5 '’s, are all 
atro|)hied ; the stomach is usually normal, but the intestines may be atrophied, 
as described above, and the rectum may be ulcerated. The nervous system 
shows a diffuse leptomeningitis, with marked thickening in places; the frontal 
convolutions may be atrophied in some cases and the motor convolutions in 
others. The bloodvessels may show calcareous degeneration, and there may 
be sclerosis of the postero-lateral and postero-median columns of the cord, 
and in the dorsal region there may be also lateral sclerosis. The posterior 
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nerve roots may be implicated, and the intervertebral foramina may be 
narrowed by a firm cartilaginous-like deposit. 

The Complicatory Lesions . — Very often in pellagra post-mortems the signs 
of secondary septicaemia (bacillary or streptococcal), of ankylostomiasis, of 
malaria, of enteric fever, of bacillary dysentery, of ama'bic dysentery, and 
of tuberculosis, may be seen, and complicate the pathological picture. In 
performing post-mortems, it is necessary to attempt to unravel the true 
lesions from, those caused by complications. The so-called characteristic 
intestinal lesions described above are met with in many post-mortems in 
which there is no sign of pellagra. 

Histopathology. — With regard to the autonomic nervous system, the nerve 
cells of the sympathetic ganglia of the neck and abdomen are described by 
Brugia as becoming swollen, and showing chromatolysis, with changes in the 
nucleus and nucleolus in acute cases. Associated with this theire is infiltration 
of the interstitial tissue and proliferation of the endothelial cells of the 
capillaries and circumscribed haemorrhages. 



73^- Cet.ls of Clarke s Column in a Case^of Acute Peli.agra 
(X ) (After Sambon arid Chalmers.) 
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may be intact, those passing through the cells disappear. A perivascular 
infiltration around the vessels of the brain has been described by some authors, 
but was not present in our specimens nor in those described by Mott. There 
is also an increase in the neuroglia tissue in our specimens, but there is 
no cellular infiltration into grey or white matter, or any sign of acute 
inflammation. 

The cerebro -spinal fluid is usually present in considerable quantity, and 
exhibits a medium amount of tension. It is alkaline, specific gravity varying 
from about 1004 to 1007; it generally gives reactions indicating the presence 
of some protein and butyric acid, and it generally reduces copper sulphate. 
The number of cells per cubic millimetre varies, but is about thirty-five, 
according to Hindman, whose differential count is: Small lymphocytes, 
36*3 per cent.; polymorphonuclears, i8*6 per cent.; large mononuclears, 
19*2 per cent.; plasma cells, 7 per cent.; lymphocytes, 5*1 per cent. The 
liquor is sterile, and iniections into rabbits have been negative. 

The skin has been reinvestigated by the Illinois Commission, who find 
that the changes can be described as due to an angio-ncurotic process. 
There is infiltration of the true skin, and especially the pars papillaiis, and 
oedema of the connective tissue. The rete Malpighii is infiltrated with cells, 
but otherwise normal. The stratum granulosum is normal, but the stratum 
corneum is thickened, and shows parakeratosis. 

In the blood there is a reduction in the numbers of the red cells, which 
usually appear quite normal. There is mononucleosis, and Low has described 
granules in the mononuclear lei^cocytes, which, however, he has also found in 
other diseases. Fatty degeneration and cloudy swelling have been recorded 
in the liver, but no constant changes have so far been found in the spleen. 

Symptomatology. — The incubation period of pellagra is unknown, 
but it cannot be of long duration, as we have known it to occur in 
a child three months of age, and, as we have already advanced 
arguments against heredity, this case is in favour of a short incubation 
period. We have also met with a case in which the skin symptoms 
are said to have appeared about two weeks after return from a 
visit to a pellagrous area in a person who was said to have always 
lived in a non-pellagrous area. We are always very sceptical of 
these histories, and should not have mentioned it if it had not 
curiously coincided with the case recorded by Sambon, where he 
states that a child born in an Italian gaol was nursed by its own 
mother in gaol until five months old, and then sent to some peasants 
living in a pellagrous area, when it developed pellagra in two 
weeks. 

The description of a typical case is something of this nature: — 
A person, male or female, young or old, in apparently excellent 
health or in bad health, living or working in the sunshine of a 
spring day, notices that a sunburn appears on the backs of his 
hands, and perhaps the dorsa of his feet, if bare, and more rarely, 
also, on his face or neck. He thinks little of it, though the in- 
flamed area burns, and may even blister. Perhaps he has a sore 
mouth, and perhaps he has a little diarrhoea or constipation. 
Perhaps he feels a little giddy in the morning, and perhaps he is 
easily tired. In a week or so the redness dies down, and the 
affected area is seen to be pigmented, and perhaps to have the skin 
thickened in places. In the course of a few days, or a week or 
so, these thickened areas desquamate, and the skin underneath 
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Fig. 739. — Acute Exacerbation of 
Pellagra. 

Note the marked erythema on the hands 
and feet, and the less evident ery- 
thema on the neck and face. 

(From a photograph by Terni.) 


may be found to be normal, or 
may be found to be slightly 
atrophic, and to appear whiter 
than the surrounding pig- 
mented area. 

The patient thinks no more 
of his troubles, the autumn 
comes, and he feels well, and 
during the winter there is no 
alteration in his good health. 
Perhaps the next spring may 
pass without a recurrence, 
and perhaps even several 
springs may elapse before the 
patient, who all this time may 
consider himself to be in ex- 
cellent health, has a return 
of his symptoms. But though 
the interval may be long or 
sliort, tjiis relapse will surely 
occur, and often it will be in 
a scvcr(T form than it was at 
first. It will usually recur in 
the spring, but it may take 
place in the autumn, or, much 
more rarely in our experience, 
in tlie summer. 

This time the symptoms 
may be mild, as before, but, 
outlie other liand, they may 
be severe ; the erythema 
appears with severe burning 
sensations, and a real derma- 
titis, with bulla formation, 
may develop. 

The tongue, lips, mucosa of 
the mouth and palate, may 
become inflamed, and show 
the presence of vesicles and 
ulcers. The parotid gland 
may enlarge (this is common 
in Egypt, but rare in other 
countries), the saliva maybe 
so increased in amount that 
it pours from the mouth. 
There may be signs of dys- 
pepsia, pains in the abdomen, 
and diarrhoea, or even dys- 
entery may develop. The 
vertigo already mentioned 
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may become quite distressing to the patient, who, upon quickly 
rising from a sitting or a lying posture, may even fall to the 
ground. The muscular power may now be diminished, and the 
patient may no longer be able to do his work; tremblings in various 
parts of the body, but more especially in the head and arms, 
may be noticed, and the legs seem scarcely able to support the 
victim, who now shows decided melancholic symptoms, avoiding 
his fellows, becoming highly emotional, and perhaps threatening, 
or actually committing, suicide, often by drowning in water. 

Pains are felt in various parts of the body, but especially in the 
head, the stoniach, and the feet. A most unpleasant symptom 
is the burning sensation complained of by the patient after retiring 
to bed at night. 5o severe is this that patients have been known 
to strip off all their clothes and lie naked on their beds. By this 
time the unfortunate victim will have learnt by bitter experience 
that sunlight is deleterious to his condition, and will try to avoid 
it as much as possible. 

Again, as winter approaches, the svmptoms will diminish and die 
away, and the patient will feel better; but this time the skin does 
not recover itself, but remains thickened and pigmented in places, 
and thinned, whitened, and atrophic in other places. 

Again, there may be only an interval till the n('Xt spriu.g or 
autumn, or the succeeding spring, or there may bo a longer interval, 
and again mild or severe symptoms may appear. 

With repeated attacks the skin changes become marked, the 
mind becomes often permanently affected, and melancholic or 
maniacal symptoms are often observed. 

Pain is often complained of m the back, and tenderness is found 
on pressure over the spinal nerves on either side of the dorsal or 
lumbar portions of the vertebral column. Muscular weakness is 
noted, especially in the legs. The knee-jerk is at first exaggerated, 
but later is diminished, and finally lost. Ankle ch)nus and wrist 
clonus are rare, and only occur when the knee-jerk is exaggerated, 
when there is tenderness on both sides of the dorsal and lumbar 
cord, and when abdominal and epigastric reflexes are also increased. 

There is no special gait, but there is a tendency to fall backwards 
or forwards, and hence, though the patient walks with the legs well 
apart, in a very bad case he can only take a few steps without 
falling down. There may be tremors in the legs and tongue. The 
bladder and rectum are not as a rule affected until the end, but 
there are exceptions to this, and contraction of the limbs does not 
take place till bedridden; but moderate rigidity of the muscles of 
the arms and legs, associated with stiff and at times irregular spas- 
modic movements, has been recorded as occurring early in rare 
acute cases. A sudden rigidity of the body associated with re- 
traction of the head has also been observed. These attacks last only 
a short time, but are recurrent. Trophic lesions, such as bedsores, 
are of rare occurrence. H3q)er3esthesia may occur in different parts 
of the body, and pains (even of a lightning nature) may exist in the 
head and back, and be associated with cramps. 



1724 


PELLAGRA 


The facies of the pellagra patient is one of anxiety and mental 
worry. He cannot sleep, and there is often great mental depression 
and discontent; but some [are excitable and irritable, while others 
are stupid and morose. He loses his memory, and has vague 
feelings of pressure, weight, or pulsation about his head. From 
this he proceeds to refusal of food and suicidal tendencies, with 
delusions of sorcery and persecution, and has a tendency to suicide 
by drowning. Melancholia may now become confirmed, and may 
eventually pass into dementia. 



Fig. 740. — Hand IN Chronic Pellagra. 

(From a photograph by Sambon and Chalmers.) 

Various rparalyses develop, such as spastic paraly.sis, ptosis, 
hemianopsia, diplopia, amblyopia, and mydriasis. The extremities 
and bladder now become paralyzed, and the demented, paralyzed, 
rapidly emaciating patient, suffering from bad sweats, profuse 
diarrhoea, and sometimes dropsy, obtains a relief from his sufferings 
in death, the disease hav ( usually lasted from ten to fifteen years. 

Such is a general acco.mt of this rather protean disease, and we 
note that there is an onset in the spring, or more rarely in the 
autumn or summer, an intermission in the winter, and a relapse 
in the next or some following spring or autumn. 

Very rarely a case of pellagra may be acute, lasting only a few 
months. 

Children , — The disease is so common among young children in 
bad pellagrous districts, and so often can one, by careful inquiry. 
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elicit curious facts that tend to show that pellagra, though occurring 
in the person in question in adult life, probably really began in 
infancy, that we are inclined to believe that the cases in young 
children are often overlooked, and we are supported in this belief 
by the mildness of the symptoms which we have observed in some 
children, which indicate merely a sunburn on the face, hands, 
arms, feet, legs, and 'perhaps the neck, associated with a little 
diarrhoea or constipation. The child recovers, the skin becomes 
normal, the attack is forgotten, and does not return until adult 



Fig. 741. — Hand in Chronic Pellagra. 

Note the thickening of the epidermis and the line of demarcation. The 
hands in both figures had been vigorously scrublied by the patient to try 
to remove the scabs. 

(From a photograph by Sambon and Chalmers.) 

life, when the patient may have grown up and been living for years 
in a town, when a typical relapse appears — a new case (a town case 
it would be ’classified by many authors), but a careful inquiry into 
the history of the case may elicit the fact from intelligent people that 
the first attack began in childhood, when it may be explained by 
the friends as being -in reality a sequela of Jenner’s vaccination. 

Inquiry may often elicit the fact that when this occurred the 
patient, at that time a child, was living in the country, and often 
in close proximity to a stream^ — a fact which may be confirmed by 
a visit to the locality. 

Another curious point with regard to some of these early cases 
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is the histor)^ given by the friends of the development of some 
extraordinary habit of dietai^, to the influence of which the disease 
is often assigned. These extraordinary cravings appear to us to 
be due to the dyspepsia (hypochlorhydria) so commonly met with 
in pellagrins. 

We have rather insisted upon the occurrence of pellagra in young 
children because we are of the opinion that it is often overlooked. 

Skin Eruption . — The skin eruption is usually limited to ihe 
regions exposed, being at first delineated in a most exact manner 
by the clothing; but in very rare cases it may be universal, and it 
is said sometimes to appear limited, as though by clothing, in naked 
gipsy children. It appears on the dorsum of the foreaims, and on 
the hands and feet, only reaching the flexor aspect after several 
attacks. The most common sites are the hands and forearms, 
elbows, feet, legs and knees, the upper part of the chest, the 
shoulders, neck, and face. More rarely it appears on the genital 
organs and around the anus in both sexes. Sandwith points out 
that in Egyptian peasants the unguinal phalanx of the hand is 
seldom affected, due to the fact that wlien the hoe is grasped it 
is protected against the sun's rays. The nails and hair are not 
affected, but rarely there is a dry, scaly condition of the palms 
of the hands. 

The skin eruption may show the following conditions:— (i) Con- 
gestion; (2) inflammaiion; (3) thickening and pigmentation; 
(4) atrophic thinning. 

The affected part turns a bright, dark, or livid red colour, which 
at first disappears on pressure, and is generally delineated by a very 
clearly raised limiting line. Avssociated with this erylhema there 
is a burning sensation, but usually no pain. In course of time the 
part becomes swollen and tense, and bullse may form. After 
lasting a variable period of days or weeks, the eruption gradually 
subsides, leaving the skin rough, pigmented, and thickened, and 
thus earning the names of ‘ pelfagra ' and ' qushuf.' 

This erythema disappears in the winter, but reappears the next 
spring wiEi increased virulence, and in due course develops into a 
dermatitis, which produces an exfoliation of the epidermis in grey 
or brown flakes. Every attack leaves the affected area a little 
more pigmented, a little more thickened, and a little less elastic. 

After lasting about four or five years the skin begins to atrophy, 
and becomes wrinkled and inelastic. This atroi:)hy is most markecl 
on the back, hands, and feet. vSpecial terms have been given to 
the eruption when in certain areas — e.g., the 'glove,' the 'boot,' 
Casall’s ' necklace,’ or ' cravat,' and the ‘ mask.’ 

Roberts has introduced the rather useful term ' dermotagra ' for 
the dry, scaly, thickened skin seen over the olecranon process, 
over the knees, and more rarely on the palms of the hands. Over 
the elbow and knee the skin is rough, thickened, and wrinkled; 
on the palms of the hands it is merely rough and thickened. 

Another interesting dermatological feature of pellagra is the 
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frequency of nasal or facial seborrhoea, which is to be especially 
noted in the nose where the sebaceous follicles are very prominent 
and filled with plugs of sebaceous material. 

The Mouth. — The tongue is generally coated with a whitish fur 
during the onset ^ of an attack, but later it becomes abnormally 
clean — ‘ SandwitJis bald tongue — red, swollen, and sometimes 
ulcerated near the tip. It may also become fissured, but in mild 
cases it recovers as soon as the attack is over. 

During attacks the gums may become spongy, and may bleed, 
and ulceration may appear, both here and on tlic palate, as well 
as on the pillars of the fauces. There may be pharyngitis, and more 
rarely oesophagitis. 

The Blood. — The red cells are usually reduced in number, and the 
hcemoglobin proportionally reduced. Usually the form of the red 
cells is normal, but microcytes, and more rarely megalocytes, may 
be found. There is usually only a slight leucocytosis in uncompli- 
cated cases, but there is in our experience generall}/ a distinct 
mononucleosis. When the polymorphonuclear cells are increased, 
it would appear to always indicate a complxation. 

Circulatory Organs. — The blood-pressure is usually low, and the 
heart-rate may be markedly increased. Vasomotor changes can 
be observed in the coldness of the extremities, the bluish conges- 
tion of the feet and hands, the goose skin, and the neuroparalytic 
dilatation of the vessels of the face often giving rise to an appear- 
ance seen in alcoholics. 

Respiratory Organs, c/c.---The respiratory organs are not affected 
in pelkigra unless there is somc^ complication, but there may be an 
exudation of fluid into the pleural cavities in the lale stages of 
the disease, as well as oedema of the bases of the lungs. 

Urinary Organs, — Usually the urine is normal, or nearly so, 
and any great change must be considered to be a complication. 

Sexual Organs . — Sexual power is usually diminished, especially 
in the later stages. Amenorrhoea, metrorrhagia, and inflammatory 
conditions of the vagina, uterus, ovaries, etc., are described, but 
must be considered as complications. 

Special Senses. — The eyes suffer most in pellagra, but thc‘ changes 
—c.g., weakness of vision, photophobia, etc. — are not dependent 
upon the disease per se, but upon the weakness which it produces. 
The patients often complain of a saltish taste in the mouth. 

Fever . — As a rule the temperature is but little altered from normal 
in pellagra, but it may be raised at intervals as high as loi® to 
102° F. (Wood) for two to three days at a time, but it may also 
be subnormal in other cases. 

Complications.- — As may be imagined, in a disease of such long 
duration as pellagra, the complications are numerous, and include 
malaria, tuberculosis, ankylostomiasis, bilharziosis, eye affections, 
and many skin diseases, including itch. 

The most interesting complication is enteric fever, which may give 
rise to the form often called ' typho-pellagra,' which is apparently 
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simply a peUagrin with an infection with one or more of the 

oreranisms causing enteric fev^. -1.1. i i 

Terminal infections with variousmicro-organisms have been noted, 
and complicate the post-mortem findings. Thus, Bon records the 
occurrence of Streptococcus pyogenes in the blood as found by 
examination immediately after death. 

Diagnosis.— Everywhere since pellagra was first recognized there 
has been great difficulty in its diagnosis, and it would appear 
necessary to consider not merely the signs exhibited by thepatient, 
but the frame of mind in the observer in attempting to write upon 
-this subject. 

For the diagnosis of pellagra two conditions are necessary in the 
observer. The first is that he must suspect its presence, and be 
on the outlook for it in any and every country; and the second 
is that he must not be unduly swayed by any setiological theory, 
and must be prepared to make a diagnosis of pellagra in a person 
of any age, any race, any social condition, living in any place, 
whether tropical, temperate, or frigid; resident in a town or in 
the country; and he must do this without consideration of the 
dietary or the surroundings, with perhaps the sole exception of 
being ^m ore intently awake to the possible occurrence of the disease 
in lunatic asylums. 

As there are at present no microscopical, bacteriological, para- 
sitological, ffiematological, or chemical reactions which can be said 
to be diagnostic of the disease, with, perhaps, the sole exception 
of the pellagra -1 ik(! symptoms produced by one of the American 
Commissions, by injecting defibrinated blood into monkeys, and as 
these animal jinjcctions are not within the range of practical politics 
for purposes 'of diagnosis, we must trust entirely to clinical mani- 
festations. 

The cardinal signs of the disease may be summarized into — 
(i) the cutaneous signs, (2) the gastro-intestinal signs, and (3) the 
nervous signs. 

In order to make a definite diagnosis, there must be either the 
presence or a definite liistory of the cutaneous signs of pellagra 
associated with symptoms belonging to one of the other groups. 

I. Cutaneous Signs. — When a person shows more or less sym- 
metrical erythema, dermatitis, pigmentation, or a condition more 
or less resembling chronic dry eczema on either the backs of the 
hands, the dorsa of the feet, the face, the back and sides of the 
neck, or the front of the chest, especially if these eruptions are 
limited by a more or less definite elevated margin to the areas 
habitually exposed to light, suspicion should at once be aroused 
that the disease is pellagra. If a history can be obtained that this 
eruption appeared for the first time in spring or autumn, and more 
especially if a history of recurring attacks can be obtained, the 
suspicion becomes almost a certainty. If to these signs there are 
added the fact that the skin symptoms become worse on exposure 
to the sun, or that there are at the same time disturbances of the 
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alimentary canal or of the nervous system, and especially if there 
is the presence or the history of vertigo, then the diagnosis is certain. 

2. Gastro- Intestinal Signs. — Gastro- intestinal symptoms are 
usually present, but they may be extremely mild, and they may be 
absent. Those most commonly met with during exacerbations are — 
Salivation, stomatitis, dyspepsia due to hypochlorhydria, diarrhoea, 
dysenteric symptoms, alternating with constipation, or simply 
constipation appearing or recurring in the spring or autumn. 
A diagnosis cannot be made by these symptoms alone, which must 
be considered in conjunction with the cutaneous in order to arrive 
at a conclusion. If no cutaneous symptoms are visible, it is justi- 
fiable to place the petient in strong sunlight in order to see whether 
the dermatitis will appear. 

3. Nervous Symptoms . — Of all the nervous symptoms early ex- 
hibited, the vertigo is the most common, and should be carefully 
inquired for, as the patient often does not associate slight morning 
vertigo with the disease, and will therefore omit to mention the fact. 

Other important symptoms are the melancholia, the myas- 
thenia, the tremblings, and often curious delusions, and the irritable 
condition of the temper, recurring in the spring or autumn; but 
these must be associated with evidence 01 skin lesions before a 
diagnosis can be made. 

It will thus be observed that, while the diagnosis may be a matter 
of extreme simplicity in a typical case, it may also be one of greed 
difficulty in atypical cases. Perhaps the greatest difficulty is 
met with in lunatics and young "children. 

1. Lunatics, — In these cases the patient has been admitted into 
the asylum suffering from one of the well-known forms of mental 
disease, but most probably from melancholia or dementia, more 
rarely from attacks of mania. It may be noted that at times he 
suffers from diarrhoea or dysentery, which is often assigned to what 
used to be called " lunatic asylum diarrhoea " or " dysentery.' It 
may also be noted that at times he spits considerably, which simply 
means that he has an excess of saliva; but, much more importantly, 
it is noticed that he suffers from chronic eczema on the back of his 
hands, from angioneurotic oedema so called, both of which are often 
common in lunatics. Such cases require careful investigation, 
not with a view of making a diagnosis of pellagra, but with a view 
of excluding, if possible, the diagnosis that the case is really 
pellagra. 

2. Young Children. — In young children the disease is very apt 
to be overlooked, and the red eruption on the face and hands, etc., 
followed by pigmentation, is generally attributed to sunburn or 
to eczema, while the alimentary disturbance is assigned to infantile 
gastro-intestinal derangements, and not connected with the skin 
lesions. A careful inquiry will show whether these symptoms 
have or have not a seasonal incidence, and in any case they should 
arouse suspicion 'of pellagra, which should only be eliminated after 
careful inquiry. 
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Differential Diagnosis.— As the symptoms divisible into 
three groups, so the discussion of the differentmJ diagnoses is equally 

olowl nf nrr'inaement under the same tliree headings. _ 
sSn DisElsEl.-The skin diseases which arc to be differentiated 
from pellagra are classifiable into those resernbling the acute 
curneous fymptoms and those resembling the chronic cutaneous 

Resembling the Acute Dermatitis . — Under this heading corne^ 
first of all, erythema solare, from which pellagra may be distinguished 
by the inflammation of the mouth, by the presence of the alimentary 
canal s^miptoms, and by the vertigo, as well as by the fact that the 
pellagrous eruption at times appears on parts not usually exposed 
to the sun, and by the fact that the lesions in sunburn are usually 
very superficial. 

The same diagnostic points will help to differentiate pelhgrous 
dermatitis from erythema or eczema due to winds, salt air, etc. 

The erythema on the face, hands, arms, etc., in cases of dermatitis 
venenata may simulate pellagra closely. The pellagrous condition 
may be differentiated by the presence of gastro-intes final nervous 
symptoms, by the less general extension of the eruption, by the less 
involvement of the eyelids, and by the more acute course. 

From acarine dermatitis pellagra may be distinguished by the 
localization of the eruption, which does not appear on the trunk, 
by the absence of the vesiculo-papules and pustules, and by the 
absence of itching. 

From alcoholic erythemata it may be recognized by the history 
of the attack and by the presence of the typical eruption on the 
hands and feet. 


vSome authorities have, however, described, under the term 
pseudo-pellagra, of alcoholic origin, an erythematous eruption on 
the hands associated with nervous symptoms which is indistinguish- 
able from true pellagra, being, in fact, the same disease. 

From angioneurotic oedema it may be differentiated by the absence 
of marked oedema and the presence of more inflammation in the 
skin, as well as by the more regular distribution of the eruption, 
and by the limiting line. • 

2. Resembling the Chronic Dermatitis . — From chronic eczema 
occiu'ring in mentally sound persons or in lunatics pellagra is 
recognized by the typical distribution of the eruption, by the line 
of demarcation, and by the marked pigmentation, when present, 
and absence of pruritus. From chronic syphilides by the disirilr- 
tion of the eruption, and by the absence of any reaction to mer- 
cury. Here mention may again be made of the dermotagra on the 
palms of the hands, over the olecranon, and about the knee, in 
chronic cases of pellagra, which is apt to be overlooked, or to be 
considered as points in favour of a diagnosis of eczema rather than 
of pellagra. 

From biotripsis [vide p. 2282), which it closely resembles, pellagra 
is differentiated by the limitation of the eruption to the areas so often 
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mentioned above, by the presence of the line of demarcation. In 
biotripsis the skin is dry and wrinkled, and may be thickened 
in places with dark-coloured patches, alternating with shining, 
smooth, inelastic, atrophic areas; but this condition is by no means 
limited to the hands or feet, but spreads up the arms and legs, and 
is not visible on the face. 

It is hardly possible that Kaposi s disease (xerodermia pigment osa) 
could be mistaken for pellagra, nor is ichthyosis likely tol.e cm 
founded with it. 

The wrinkled skin of the washerwoman' s fingers is hardly likely 
to be confused with the chronic thickening found in pellagra, 
though this disease is often found in women who wash clothes, and 
who explain their own dermal condition in this way. 

Gastro-Intestinal Diseases.- — Of all the gast^o-intestinal 
diseases, sprue is the only one which in any way resembles pellagra, 
which can be readily distinguished therefrom by Ihe presence of 
the skin eruption. It must, however, be remembered that the 
psilosis linguae pigment osae of West Indian writers is really pellagra. 

Attacks of diarrhoea or dysenteric-like attacks can only be recog- 
nized as belonging to the syndrome of pellagra if the dermal signs 
are present at the same time, or if they can be produced by exposure 
to the sun, or if there is a very definite history of their previous 
occurrence; unless, indeed, they are associated with marked 
ptyalism or bilateral swelling of the parotid glands, or some o1her 
symptom tending to indicate that pellagra was the cause. The 
special cases in which diarrhoea and dysentery require careful 
diagnosis are those in which they occur in lunatics. 

Typho-Pellagra. — ‘In this disease the dermal signs of pellagra 
are sufficiently evident to enable its diagnosis to be made, as a rule, 
without difficulty, while the diagnosis of typhoid fever can be made 
by the methods already described on pp. 1389-1394. 

Nervous Diseases. — Melancholia, dementia, mania, etc., can 
only be diagnosed as pellagrous when associated with its skin 
lesions; but here care must be taken not to mistake the dermal 
signs of pellagra for chronic eczema, etc. ; but this point, having 
been already discussed above, need not again be argued. 

Prognosis. — ^This would appear to be good in early cases, in mild 
cases, and even in moderately severe cases, if the patient can be 
removed from the pellagrous area and placed in good condition of 
food and hygiene in a non-pellagrous area. 

But predictions as to a cure must be guarded, and it must be 
remembered that cases have relapsed after two, five, and c\Vn 
fifteen, years' intervals. 

In severe cases the prognosis must be guarded, and the low blood- 
pressure remembered, as well as the possibility of sudden death 
from exertion after lying down. 

Cases of typho-pellagra have a Ihigh mortality, and here the 
prognosis is obviously bad. 

Complication with ankylostomiasis, tuberculosis, etc., also 
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render the prognosis more unfavourable, as does continued residence 

^"Treatment!— There can be no doubt that tlic essential basis of 
the treatment of pellagra is to remove the patient from the pel- 
lagrous area in which lie has been living to a non-pellagrous area; 
and, secondly, to give a good and liberal diet, preferably without 
any' admixture of maize, although Devoto has shown that good 
maize not merely does no harm to pellagrins, but is very suitable 
for some of them, as it is their usual diet. If this is done, most early 
cases quickly improve, and apparently are cured, but, unfortunately, 
this is not so, because, even if they remain under these excellent 
conditions, sooner or later a recrudescence occurs. These recru- 
descences may be mild, but at any time they may become severe, 
even when maize is excluded from the dietary. 

Arsenic .' — This being so, it is obvious that some medicinal treat- 
ment is necer:sary, in addition to change of locality and diet, and 
apparently the best remedy is arsenic in some form. Of all forms 
of the drug, that most commonly in use, and also much vaunted, 
is ‘ atoxyl.’ which is administen'd by intramuscular injection of 
';5 grains per diem. 

Other methods of giving arsenic are salvarsan, ncosalvarsan, and 
soamin. 

Other methods are the cacodylate of sodium, administered in 3-grain 
doses by intramuscuUir injection every third day until three doses have been 
given, and then every second day until three more doses have been adminis- 
tered, nnd tlien increasing to 5-grain doses every second day until the symp- 
toms have improved. 

Associated with these injections, it is as well to give liquor 
arscnicalis in small doses internally, end to continue this inter- 
ruptedly for some three months after the symptoms have dis- 
appeared. In addition, it is as well to repeat the liquor arscnicalis 
some weeks before the advent of spring, and to continue it inter- 
mittently into the summer for a few years after an attack, in order 
to attempt to guard against the almost inevitable relapse. 

Radio-Active Nicolaidi has devised an artificial organo -mineralized 

radio-active serum from horse serum, together with all the organic and 
mineral salts of the blood, in a solution saturated with carbon dioxide gas, 
which was then rendered radio-active. This serum is administered by injec- 
tions until twenty to twenty-five are given, when, according to the author, 
supported by several eminent authorities, most remarkable improvement 
in the cases resulted. 

Symptomatic Treatment.— The patients must be protected from 
the sunlight by clothing, veils, bats, gloves, etc., and the derma- 
titis must be treated by emollient lotions, such as calamine, soothing 
and dark ointments, such as ichthyol in lanoline. 

The indigestion should be treated by a mixture containing dilute 
hydrochloric acid and infusion of gentian. 

The diarrhoea and dysentery should be treated as indicated on 
p. 1854 for bacillary, or on p. 1834 for amoebic, dysentery. 
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With regard to the nervous symptoitis, the irritation on retiring 
to bed and the sleeplessness should be remembered, and combated 
with cool bathing, and, when necessary, by doses of bromides, 
which, however, are apt to increase the depression. 

The vertigo should be borne in mind, and precautions taken to 
prevent accidents being caused by it. 

The mental condition should be cheered by pleasant sun oundings, 
and in severe cases a watch taken to prevent the suicidal tendencies 
taking action. 

Diet. — The diet must vary with the condition of the digestion 
and the bowels, and during attacks of dysentery or diarrhoea that 
laid down on p. I058 should be adopted. 

Complications. — Search should be made for signs of ankylosto- 
miasis, ascariasis, etc., tuberculosis, malaria, etc., and these should 
receive their appropriate treatment. 

Typho Pellagra . — This serious complication, which is really only 
an attack of enteric fever in a pellagrin, in whom the acute symp voms 
at once become aggravated, must be treaied by a combination of 
the treatments laid down for enteric fever on p. 1399, ^^d pellagra, 
as above. 

Prophylaxis.- — As tlie aetiology of pellagra is unknown, it is 
obvious that remarks as to prophylaxis must be more or less specu- 
lative. It does not appear to be directly contagious, and therefore 
isolation, quarantine, etc., appear to be useless. In accordarxe with 
certain aetiological views, it is advisable to attempt to avoid being 
bitten by flies in the early morning or late evening in the endemic 
areas by the use of protective veils, fly-brushes, etc. Protection 
against the sun, as described above, is also of great importance. 

It is obvious that the consumption of diseased or damaged maize 
must be injurious, and the action taken by the Italian Government 
to prevent the sale of bad maize is not merely highly commendable, 
but must be most beneficial to the community at large. 

Further, the excellent attempt to find out every pellagrin by 
means of local lists is good, as it enables the Government to know 
exactly the condition of this dreadful malady, provided the lists 
arc carefully compiled; on the other hand, if these lists are in- 
accurate, they may result in much misconception of the incidence 
of the disease. The provision of one good meal a day to poor 
pellagrins during the spring and autumn is, in our opinion, highly 
to be praised. That these meals are good, we can certify from 
personal experience. We fail, however, to see the utility of the 
free distribution of salt, but it does no harm. 

The methods adopted by the Italian and other Girovernments may be 
summarized as follows; — 

I. Laws and Regulations. 

fa) Prohibiting the importation and sale of spoiled corn. 

(6) Government inspection of all corn dried, stored, or consumed. This 
includes the erection of public storehouses. 

(c) Provision of desiccating plants to dry corn. 
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5 reported, and lists to be kept and emended 
iey are not always very accurate. 
sanitarie — i.e., kitchens where excellent free 
and, it is to be hoped, to other deserving poor 

^ iF) h'ree distribution of 17J pounds of salt to every adult pellagrin and 
II pounds of salt to every child pellagrin per annum. This distribution is 
arranged by a ticket system. 

(g) Establishment and upkeep of pellagrosaria — i.e., special hospitals for 
the treatment of pellagrins. 

(A) Establishment of pdlagrological commissions in every province aEected 
with pellagra, with powers to work the laws and to investigate the disease, 
(t) Financial supply. 

2. Formation of Rural Bakeries. 

Model central bakehouse, controlled by Gk)vernment, in which the only 
bread allowed to be used is baked from good, wholesome wheat-flour. The 
best model we have seen was in the Tyrol. 


{d) Cases of pellagra to b( 
every year. Unfortunately, 1 
(e) Formation of locarfde 
meals are given to pellagrins. 


3. Improvement of Agriculture. 

(a) By cattedre amhulanti, or farmers" institutes, designed to teach locally 
modern methods of agriculture, with the result that the farmers become less 
poverty-stricken. 

(b) Advising the farmers no longer to plant second crops of inferior qualities 
of maize, called quarantino [Zea mais v. pracox) and cinquantino (Z, mais 
u. suhprcscox), which, being gathered in the wet month of October, were 
often only half -ripe, and soon decayed. 

(c) By organizing agricultural shows, which include the exhibition of maize. 
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DIVISION I. : DISEASES OF THE ALIMENTARY CANAL. 


Diseases of the Mouth and Stomach. 
Helminth Infections. 

Sprue and the Diarrhoeas. 

The Choleras. 

The Dysenteries. 

Intestinal Schistosomiasis. 

Epidemic Gangrenous Rectitis. 



CHAPTER LXXIV 


DISEASES OF THE MOUTH, THROAT, 
AND STOMACH 

General remarks — Oral infections — Thrush — Gingivitis — Lingual affections — 
iialzoun — Tonsillar affections — -Gastric diseases — Earth-eating — Bel- 
yanclo spew — Entalajilo — References. 


GENERAL REMARKS. 

In this chapter we make some remarks concerning the diseases of 
the mouth and the stomach, which wc will preface with a few general 
statements concerning the intestines, as this is the most convenient 
place for so doing, though we describe the more important diseases of 
these parts of the alimentary canal in separate chapters. 

External hernia is common, but internal hernia is rare; we have 
only met with one example, and then of a most unusual form, the 
displacement being through a rupture in the transverse mesocolon, 
forming a hernia into the lesser sac. This hernia probably took 
place through the recessus intermesocolicus transversus (Broscke). 
Intussusception and volvulus are known, as well as intestinal 
obstruction due to bands, and we have met with one unique case 
of fatal intestinal obstruction in a native found dead, caused by the 
compression of the rectum against the pelvic wall by an enormously 
distended bladder, which we had not thought to be possible. 

Cancer oj the bowels is by no means uncommon. Tuberculosis of 
the bowel is generally secondary to tuberculosis in some other 
regions, but we have seen primary tuberculosis. Appendicitis is 
quite common in both Europeans and natives, and is caused by 
bacteria acting either directly, or introduced by the action of 
Trichuris and Ascaris. Appendicitis of schistosomic origin has been 
recorded by Mursell. 

In previous editions we called attention to the frequency of 
intestinal sand. The true intestinal sand of animal origin composed 
of dark grey or colourless gritty particles, and largely composed of 
lime salts, is occasionally met with, but far more common is the 
so-c3l\ed pseudo-intestinal sand composed of undigested remains of 
vegetable food (bananas, etc.), which may become encrusted with 
earthy salts. Delgado Palacios has called the condition ‘f^cal 
sarcoma.* In these cases there may be diarrhoea and colicky 
pains. 
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Ufonefna caudatum has been recorded by Fischer, in I9i4> 
diarrhoeic stool of a European in Shanghai. Two days later only 
cysts were present. 

ORAL INFECTIONS. 

The protozoal parasites reported as being found in the mouth 
are : — f i ' 

Loeschia gingivalis Gros. ' 

Leishmania tropica Wright, var. americana Laveran and 
Nattan-Larrier. 

Spiroschaudinniadeniium Miller, and many other spirochaeles. 

Spiroschaudinnia huccalis Steinberg. 

Treponema mucosum Noguchi. 

Treponema macrodeniium Noguchi. 

Treponema micro dentium Noguchi. 

Flagellates have also been recorded. 

Gongylonema pulchrum . — This filarial worm is a parasite of the pig 
in Europe and America, but was described, in 1916, by Ward as 
occurring in the lower lip of a girl, aged sixteen years, at Jefferson in 
Arkansas. The worm was 42*1 millimetres in length, and tapered 
slightly at each extremity, of which the anterior was ornamental, 
by a system of cuticular tubercles, while a cuticular ridge ran along 
the lateral line. 

The most common and perhaps most serious affection hPyorrhaa 
alveolaris, in which condition pus wells up from alongside the roots 
of the teeth, while the gums become swollen, reddish, and inflamed, 
the teeth loose, and general septic absorption or infection may result. 

The organisms associated with this lesion are innumerable- — 
amoebae, spirochaetes, bacteria, etc. — and, therefore, the causal geim 
is unknown, but the treatment is quite clear — viz., to remo\c all 
teeth which are too far decayed to allow any hope of improvement, 
or which are viewed as dangerous from a general health point of view. 
Having done this, the next and most important point is ionization 
with zinc sulphate. 

Apart from this, all bridges, crowns, and fillings have to be viewed 
with suspicion in the tropics, and vague septic conditions, diarrhaal 
or even dysenteric-like symptoms, and more especially inflammatory 
changes about the jaw, should lead to careful examination of teeth 
treated in this manner. 

It will be remembered that streptococci are apt to enter the system 
alongside the teeth and via the tonsils, and, therefore, the strepto- 
coccal infection should be thoroughly and carefully treated. 

The inflammations oj the tonsils, diphtheritic, pseudodiphtheritic, 
and streptococcal, are common in the tropics, though diphtheria is 
somewhat r^er than in temperate climates, and require careful 
treatment with local antiseptics and either serums or vaccines. 

Salivary calculi have been reported by Christopherson, and are 
certainly not uncommon in Europeans and natives, and are apt to 
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recur after removal. A favourite seat appears to be the sublingual 
duct, where the calculus is apt, on superficial examination, to be 
mistaken for an enlarged lymph gland. 

Espundia or oro-nasal leishmaniasis is fairly frequently met with, 
and is described on p. 2175; while gangosa or its syphilitic counter- 
part is frequently seen, and is described on pp. 1876-1879. 



Fig. 74^. — Leucoplakia. 

Leucoplakia and cancers of the lips, cheeks, and tongue are fre- 
quently met with in the tropics, and appear in a curious way to be 
related to mycetoma, via the condition called paramycetoma [vide 
Chapter XCIII., p. 2145). 

THRUSH. 

Synonyms. — Saccharomycetic stomatitis. Oral oidiomycosis. French, 
Muguet, Millet blanchet; Italian, Mughetto; German, Schwamchen. 

Ddfinition. — A stomatitis, or, more correctly, a group of stomatites, 
characterized by the presence of creamy white patches, believed in 
the past to be produced by Oidium albicans Robin, while at the 
present time it is recognized that they may be produced by a multi- 
plicity of fungi. 

Historical. — The affection was clinically known to Hippocrates, 
forming part of the o-ro/xara dpOio^ea described by him. It was also 
certainly known to Galen under the term of aphthce alhce infantum. 

Sauvage called the diiiQciion aphtha lact amen, and Bateman 
lactantium. 

In 1839 Langenbeck first discovered that the condition was due 
to a fungus. It is interesting to note that the thrush case, micro- 
scopically investigated by Langenbeck, was a patient suffering 
from typhoid, and that Langenbeck suggested that the fungus 
might be the cause of this malady. 
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Berg in Stockholm, in 1842, studied the condition very carefully 
and gave some details on the morphology of the fungus, while Vogel 
demonstrated the contagiousness of the malady. Gruby, in 1842, 
considered the fungus to belong to the genus Sporotrichum, and 

called the affection aphthaphyte • j , 

Robin gave a full description of the fungus in 1847, and considered 
it to be closely related to Oidittm tuckcri, which attacks the leaves 
of vine- trees, and to Oidium lactis. In 1853 he called it Oidium 

albicans. 

In 1866 Hallier considered the fungus to be a Stemphylium, and 
called it Stemphylium polymorphum. In 1868 Quinquaud created a 
new genus, Syringospora, and named the fungus Syringospora rohim. 
In 1877 Grawitz considered the organism to be identical with 
Mycodernta vini. 

In 1S78 Rees placed the fungus in the genus Sac char omyces 
( 5 . albicans). In 1885 Plant grew it in pure culture and considered 
it to be identical with Monilia Candida Bonorden, which is often 
found in cow-dung. 

In more recent times the condition has been studied by Klemperer, 
Roux, Linossier, Vuillemin, and others, while Caslellani has shown 
that the affection may be caused by a multiplicity of fungi. Pijper 
has recently described a case 01 thrush in South Africa due to 
Hemispora rugosa Castellani. 

Climatology. — Thrush is very common throughout the tropics, 
but it is found also very frequently in temperate and cold climates. 

Etiology. — It is generally stated that thrush is due to Oidium 
albicans Robin (synonyms: Monilia, Saccharomyccs, Parasaccharo- 
myces, Endomyccs, Syringospora albicans, Syringospora robini, 
Stemphylium polymorphum) , but the researches of Castellani carried 
out both in the tropics and in temperate zones have shown that the 
term Oidium albicans has been used to cover a multiplicity of fungi, 
and that the affection may be caused by hyphomycetes belonging 
to different species, genera, and families. The fungi capable of 
producing thrush may be classified as follows:- — 

Fungi Imperjccti : — 

Genus M onilia Persoon. 

Genus Oidium Link. 

Genus Hemispora Vuillemin. 

AscomyceiacccB :■ — 

Genus Endomyccs 'Link. 

Fungi of Genus Monilia Persoon. — Fungi of the genus Monilia 
Persoon are by far the most frequently met with, and there is little 
doubt that the fungus described by Robin under the name Oidium 
albicans belongs to this genus. For details on fungi of this genus the 
reader is referred to Chapter XXXIX., p. 1079. The species most 
commonly found in the tropics are of the types Monilia tropicalis 
Castellani, Mrnilia pinoyi Castellani, Monilia parapinoyi Castellani, 
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less frequently of the Monilia bronchialis Castellani type and other 
types, while Monilia albicans Robin sensf^ stricto is seldom found. 

In cases of thrush in London Castellani isolated in 1913 fungi of the types 
Monilia pinoyi Castellani, M.parapinoyi Castellani, M . londinensis CasteXiaui, 
M. metalondinensis Castellani, M.bronchidlis Castellani, occasionally M. ftopi- 
call's Castellani. and rarely other types. 

Fungi of Genus Oidium Link. — ^The following fungi of the genus 
Odium have been found in a few cases of thrush: — Oidinm fnufalense 
Castellani, Oidium rotundatum Castellani, Oidium astcroides Castel- 
lani, The same species have been found in the expectoration of 
certain cases of bronchitis, and Oidium rotundatum iind Oidium 
asteroides also in the faeces of certain cases of enteritis. 

Fungi of the Genus Hemispora Vuillemin.— The fungus Hemispora 
rugosa Castellani, found by Castellani in certain cases uf subacute 
tonsillitis and cases of bronchomycosis, has been recently observed 
by Pijper in a peculiar case of thrush in South Africa. 

Fungi of Genus Endomyces Link. — Vuillemin in old cultures of 
so-called Oidium albicans Robin found asci, and, therefore, con- 
sidered the thrush fungus to be an endomyces. Vuillemin’s findings 
were not confirmed, and Landrieux created a new species for the 
fungus in which Vuillemin found asci: Endomyces vuiUemini Land- 
rieux. 

Predisposing Causes. — General weakness, marasma, and the late 
stages of tuberculosis and diabetes, favour the development of 
thrush, though at times perfectly sound individuals may suffer 
from it. 

Symptomatology. — On the mucous membrane of the cheeks, soft 
palate, and tongue, white small spots appear, which gradually 
spread. There is often a certain degree of inflammation, and the 
oral mucosa may be red and swollen and the saliva very acid. 
Nursing and chewing are painful, and infants and children with 
tlu-ush have often diarrhoea. Certain authors, however, maintain 
that the severe signs of stomatitis are not due to the thrush 
fungi; bacteria and other organisms would be the real cause of the 
oral inflammation, which would prepare the ground for the fungus 
to thrive, and by abundantly growing produce the white patches. 
Tlirush not rarely spreads to the pharynx and the upper portion of 
the oesophagus. It is interesting to note that the fungus grows from 
the surface downward fairly deep into the mucous membrane. 
It was believed at one time that thrush never affected cylindrical 
epithelium. Tlirush runs a variable course, and in many cases shows 
little tendency to spontaneous cure. 

Clinical Varieties. — In cases of thrush due to Oidium rotundatum, 
Oidium asteroides, and Monilia zeylanica, the colour of the patches 
may be yellowish instead of creamy white. The same appearance 
has been recently noted by Pijper in an interesting case of thrush 
he has carefully described in South Africa, due to Hemispora rugosa 
Castellani. 
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Diagnosis. — The diagnosis can often be made clinically, the 
creamy white patches being characteristic, but it should always 
be confirmed by the microscopical examination, which will reveal 
a large amount of mycelial threads and conidial forms. If it is 
desired to know the aetiological variety of thrush the patient is 
suffering from, cultural methods are necessary. These are described 
in the chapter on Bronchomycosis (see p. 1888). 

Prognosis. — Thrush per se is not a serious affection, but its occur- 
rence in cachectic patients is a bad omen. 

Treatment. — -Glycerine of borax applied to the patches several 
times a day is efficacious in many cases, or an aqueous solution of 
borax (i in 30) may be used. The addition of honey to the latter is 
to be deprecated. In resistant cases the addition of carbolic acid 
to the glycerine of borax, 10 minims to the ounce, will be found 
useful. In marasmic children or adults suffering from some incur- 
able disease any treatment may fail to bring about a complete 
disappearance of the thrush. 

Prophylaxis. — In the case of infants there is no doubt that in 
many cases the infection is carried by contaminated nursing bottles 
and their rubber nipples. These should, therefore, be kept scrupu- 
lously clean. As regards children, and more especially adults, quite 
a number of them, although in apparent perfect health, harbour 
thrush fungi in the mouth, and are, therefore, carriers. In them 
the use of alkaline tooth-pastes and mouth-washes is to be re- 
commended. 

GINGIVITIS. 

During the last few years much attention has been paid to 
gingivitis, or inflammation of the gums, which may be divided into 
simple gingivitis, pyorrhoea alveolaris, and ulcerative gingivitis. 
They arc all of tropical importance. 

Simple Gingivitis. 

In this disease the gums are bright red in colour, especially near 
the margin, becoming normal when traced towards the buccal 
mucosa. The interdental papillse are swollen, but are neither pain- 
ful nor ulcerated. There is no odour, no pain at night, and no 
enlargement of lymph glands, but the teeth may be covered with 
tartar and show food debris. A carbolic rose-water mouth-wash 
(J per cent.) will be found useful. 

Pyorrhoea Alveolaris. 

This is a chronic condition, in which there is little sign of inflam- 
mation of the gums, but in which pus can by pressure be made to 
exude frorti the peridental pockets. If it is allowed to proceed 
unchecked it will produce ulceration of the bottom of the peridental 
sulcus and destruction of the periodontal membrane, and will set 
up a rarefying osteitis, which will injure the bony sogket and loosen 
the teeth. 
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Ulcerative Gingivitis. 

Synonym.— Mai de Bocha. 

This was studied by Miller, an American dental surgeon, in 1882, 
who first saw the spiroch^etes and the fusiform organisms which 
were subsequently described by Vincent, in 1898, as the causal agent 
of a membrano-ulccrative pharyngitis and tonsillitis, a membrano- 
ulcerative stomatitis, and a membrano-ulcerative gingivitis, two of 
which are commonly present when a case comes to be noted, 
although the gingivitis is nearly always the primal aisease. 

All forms arc common in the tropics, and their relative frequency 
has been investigated in Palestine by Schimeoni-Mccblei , in 1917, 
who found that 78 cases of mouth disease could be resolved into 
28 cases of ulcerative gingivitis, 17 of ulcerative stomatitis, 6 ( f 
Vincent’s angina, and 27 of mixed types. The whole subject has been 
ably studied by Barlow in 1914, Bowman in 1916, by Taylor and 
McKinsty in 1917, and by Colyer in 1918. There are three varieties 
of the complaint — viz., the acute, the subacute, and the cluonic. 

Acute Variety. — This is an acute inflammation of the margins 
of the gums, of gradual onset, but which spreads rapidly and causes 
ulceration of the interdental papilltC and sloughing of the gums 
around the necks of the teeth, and in severe cases ulceration of the 
oral mucosa, associated with malaise, fever, and enlargement of the 
lymph glands, hcTiiiorrhage from the gums, and pain therein, 
especially at night, bad taste in the mouth, offensive breath, difficult 
and painful mastication, and loose and tender teeth. There is 
(edema of the interdental papilke, which are bluish-red in colour or 
covered with a brownish friable slough. It usually attacks the 
gums around the upper incisor teeth, but may begin anywhere where 
food tends to accumulate. It spreads from person to person, but is 
commonly met with in persons living under bad conditions. 

Subacute Variety. — The gums are sjKjngy and tender, and a whitish 
pellicle often forms which on superficial examination may give the 
appearance of a purulent exudate. The condition often spreads 
to the cheeks and lips, and may inv(dve the soft and hard palate 
and even the tonsils. The pellicle after a time separates, leaving 
an eroded surface which gradually deepens. 

Chronic Variety. — ^If untreated the acute and subacute varieties 
pass into the chronic, and lead in a year or so to destruction of the 
bony sockets. 

Treatment. -The best treatment for these infections is to remove 
the tartar, disinfect the mouth with a spray of peroxide of liydrogen 
or of glycothymoline, and then to treat by ionization with zinc 
sulphate, and afterwards to use antiseptic washes of sanitas or 
similar preparations. Roberts recominends the local application of 
the following ; Hydrogen peroxide 3v.,vinuin ipecac. “;iii., glycerin 3v., 
aq. ad sviii. 
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lingual affections. 

Patches of Leucoplakia of the tongue arc common in natives, and 
may be of various origin — syphilitic, framboetic, or due to irritation 
caused by smoking or chewing various substances.^ Case of the 
so-called Circinate pityriasis linguae or Annulus migrans are not 
rare. Lingua nigra is occasionally seen. We have already called 
attention to the dark patches found on tlie tongue in natives, and 
whicli by some writers have been described as a sign of ankylo- 
stomiasis. These pigmented patches are roundish or oval, and 
may be found also on the gums, the mucosa of the lips, on the soft 
and hard palat(‘, and are apparently congenital. A condition 
which might be called Red or Purple tongue, and which often 
puzzles the newly arrived medical man, who does not know its 
origin, is (’xtremely common in C(‘ylon among the coolies and 
lower-class natives, and is sim})ly due to chewiiig betel. The pig- 
mentation slowly disappears on the luitivc' discontinuing the use of 
betel. Cases of Furrowed tongue (scrotal tongue) arc not rare. 
We have seen a case of Fordyce’s disease (pseudo-colloid of the 
lips) in a half-casLe. A case of Chelitis exfoliativa in a European 
lady and cases of Perleche have la^en observ(*d by us among 
European children. Under tlie term seasonal recurrent nicer aiion 
of the lips, Gros lias described a very superhcial ulceration on the 
lower lips in Algerian natives which is very common in the hot 
season, and is due, according to him, to a diplobacillus. 

Pityriasis Linguae Spirochaetica.- Tliisconditionhas been described 
by Castellaiii. Tliere is as a. rule no sign of acute inflammation 
and no ulcers, but the dorsum of the tongue is covered by a thick, 
persistent, whitish-yellowish or greyish-brownish fur, which on 
microscopical examination seems to consist solely of innumerable 
spiroclmles, with soim* ei)ithelial cdls. Of coursi', a ft w spiroclnetes 
are always found in scrapings from the tonginc but never in such 
cnor m on s am ount s. 

HALZOUN. 

Definition.- 11 alzouii is the. invasion of the ])harynx by the 
adults of Fasciola hcpatica (Liniucus, 1758), which cause dyspneea, 
dysphagia, and sometimes more si'vere symptoms, and even death. 

Historical.- In 1904 Khouri described this disease as occurring 
in Northern Lebanon. 

i^ltiology.- -The disease is caused by eating raw livers, especially 
raw goat [Capra hirens Limneus) livers, which arc^ infected with 
Fasciola hepahe a (Linuceus, 1758), when the worm (p. 565) fastens 
itself on to the mucosa of the pharynx and sucks blood. 

Symptomatology.- —The patients suffer from dyspnoea, dysphagia, 
dysphonia, and congestion of the head, and occasionally die, but 
more usually, after lasting from a few hours to a few days, the victim 
vomits and the parasites are expelled, and recovery results. 

Treatment. — An emetic will cause the parasites to come away. 
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TONSILLAR AFFECTIONS. 

P2vcry type of tonsillitis met with in temperate climates is]observed 
also in the tropics, although there is no doubt that tonsillar and'throat 
affections are less frequent in warm climates than in cold. Diph- 
theria is on the whole less frequent than in temperate zones, '(but a 
fairly large number of cases occur in every tropical country. We 
have seen a number of cases of follicular tonsillitis and other krepto- 
coccal affections ; quinsy or tonsillar abscess is not rare, and cases 
of Vincent’s angina occur, due to Vincent’s Bacilhts fttsiformis in 
association very often witli 
spirochaetes. We do not 
pro})osc giving a description 
of Vincent’s angina, which 
may be found in any text- 
book on general medicine, 
but we would call attention 
to the possibility of mis- 
taking it for a sy])hiliuc 
condition. Certain authori- 
ties state that Wassernuinn 
reaction is positive in Vin- 
cent’s angina, but in our 
experience this is not so, 
and we can confirm the 
researches of Taylor and 
others, according to which 
Wassermaiin reaction is 
negative in Vincent’s angina, 
except, of course, wTen it 
develops in a syphilitic 
person. Cases of tonsillitis 
])ossibly due to anncb^c and 
llagellates have* also becai 
recorded. We ja'oposc say- Fig. 7.13,- — Tonsillar Affection caused 
ing a few words on certain by Hemispora rugosa CAST¥.i.j.Am, 
affections of the tonsils to 

which little attention has so far been paid — viz., mycotic infections. 

Tonsillar nocardiomycosis and legions of the tonsils due to 
Nocaniia hovis and other species of the genus Nocardia and 
Cohnistreptothrix have been placed on record, but we desire to call 
attention to the comparativi' frequency of a granular Nocardiasis 
of the crypts which may lead to the formation of tonsillar calculi. 
The affection, which is not new, but is little known, runs a chronic 
course and is not painful. The patient often docs not come to 
consult the doctor because of sore throat, but because of the un- 
pleasant odour of the breath. On examination the teeth and gums 
may be quite healthy, but on examining the throat small whitish- 
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yellowish spots will be seen on the tonsils; these spots are in reality 
the surface portion of granules contained in the crypts, and may be 
extracted with more or less ease. These bodies when squashed 
have a very offensive odour; under the microscope they consi.st of 
masses of Nocardia-likc organisms at limes, at olh.er times masses 
of leptothrix; in certain cases both Nocardial fungi and Leptothrix 
are seen and various bacteria, and even jirotozoa sucli as amaba: 
and flagellates The nocardia fungi are very difficult to grow. 
After several years the masses in the crypts may become calcified, 
and real calculi may be formed, which at times are the starting- 
point of some very severe inflammation. 

Varieties of TonsiUonocardiasis, — Clinically the usual form is the 
yellow or wliitish type. A case observed by one of us was charac- 
terized, however, by the presence of black granules, from which a 
nocardia similar or identical to Nocardia nigra Castellani, 1912, was 
grown. 

Tonsillar moniliomycosis.— Moniliasis of tiie tonsils has been 
described by Castellani. Three types may be distinguished: the 
acute, the subacute, the chronic. The acute type is important, as 
such cases have often been taken for diphtheria. The tonsils are 
covered by creamy white patches, which at times extend to the 
soft palate, the pharynx, and lar^mx. There is difhculty in swallow- 
ing, and the patient may have some fever. Diphtheria is often 
suspected, but the microscopical and cultural examination clears 
the diagnosis at once. The fungus most commonly found in 
Ceylon is Monilia tropicalis Castellani. Cases of mixed infections 
of di])htheria and moniliasis have occasionally b(?en se('n by us. 

In the subacute and chronic types of moniliasis the subjective 
symptoms are often nil. The diagnosis is based on the microscopical 
examination. The treatment consists in applications of glycerine 
of borax and of carbolic acid. 

Tonsillar Oidiomycosis. — I'he condition is due to fungi of the 
genus Oidium Link. Clinicall}/ the aflection is very similar to 
moniliasis, but in the case in which Oidium rotiindatum Castellani 
was found tlie patches were yellowish and not white. 

Tonsillar Hemisporomycosis.— In certain cases of tonsillitis in 
Ceylon Castellani found a fungus which he had previously observed 
in cases of bronchoinycosis. He was doubtful about the classifica- 
tion of the fungus, and at first placed it temporarily in the genus 
Monilia, naming it Monilia rugosa Castellani, 1909. Recently Iflnoy 
has placed it in the genus Hemispora, the name of the fungus be- 
coming Hemispora rugosa. 

The case in which the fungus was first observed had been suspected 
by the house physician to be a case of diphtheria, as the patient 
complained of great pain in swallowing. There was fever, the 
submaxillary lymphatic glands were enlarged, and on examination 
of the tliroat several greyish patches were seen on the left tonsil 
and on the soft palate. At times, however, the patches are yellowish. 
Under appropriate treatment they become smaller and smaller, 
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but one or two small spots remain often for weeks and even months. 
As regards treatment, painting with a 5 or 10 per cent, solution of 
carbolic acid is found useful. 

GASTRIC DISEASES. 

All forms of Dyspepsia are common, but hyperchlorhydria and 
fermentation are especially common in our experience. 

Ulcers and Cancers of the stomach are met with at times, as 
well as dilatation of the veins at the lower end of the oesophagus, 
leading to severe luematemesis. In children Pyloric stenosis has 
been seen several times by us. We have met with one case of diffuse 
inflammation which resembled ‘phlegmon of the stomach' in its 
gastric symptoms, but which was associated with other Jgns point- 
ing to a more) general poisoning of the system. 

EARTH-EATING. 

Synonyms. — Geophagy. ; Mai d’estomac. 

Remarks. — Earth-eating is common in many parts of the tropics, especially 
in certain parts of Africa (c.g., the Sudan ancl Southern Tunisia) and Asia 
(Malasia, java, Borneo), but is observed also in Temperate Zones, in Europe, 
Nortliern China, and Japan. It is common in children and pregnant women, 
It is believed to be acquired by the children being left to crawl about and cat 
anything which comes to hand. It is also acquired by being taken as a 
remedy lor syphilis and other diseases. 

Chris topherson says that it is common in the Sudan, where two forms of 
earth are eaten: (i) Karkooti (Nile mud); (2) taffel (some form of calcium 
carbonate). In Giava the earth eaten consists of bituminous clay, called 
‘ ampor,’ which is taken especially by pregnant women, who believe it will 
benefit their unborn babies. In Guatemala and other Central American 
countries natives occasionally eat a yellowish eaith containing sulphur as 
a prophylactic against disease. In Japan it is said that the Ainus used to 
eat a paste made of starch and of dialomaccous earths in famine years. 

Symptomatology. — The symptoms are usually emaciation and ana;rnia, 
with ])ain in the e]ugastrium and a sensation of hunger, while constipation 
is common. Earth-eaters frequently suffer from ankylostomiasis, and often 
have a yellowish muddy or earthy colour. 


BELYANDO SPEW. 

Synonyms. — Grass sickness (Western Australia), Gastric spirochaetosis 
(Ernest Black) . 

Definition. — A gastric disturbance chara{ .erized by vomiting; occurring 
siuldenly after meals, and unaccompanied by nausea in certain tropical regions 
without any immediate cause. 

History. — Under the above terminology Dr. Ernest Black has described to 
us a disease which he has met with in Western Australia. 

Geographical Distribution. — It has long been known as a distinct disease 
in Queensland under the name derived from the Belyando district, 250 miles 
inland, and in Western Australia in certain tropical districts, chiefly coastal, 
where it is called ‘ grass .sickness.’ It also exists in some tropical districts 

in Brazil. 1 r a 

etiology. — The cause of the disease is unknown. Black has iouna a 
spirochEete in the mucous membrane of the stomach. This spirochaete is of 
variable size, small and slender. 
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Black thinks that, like other members of that class, it generates no free 
toxins, but its pathological effect is produced, on its death and disintegration, 
by the liberation and absorption of toxins. 

The mode of conveyance is not conclusively determined, but it seems to be 
by means of contaminated food or water. In one district in Western Aus- 
tralia all the evidence pointed to milk as the medium. In Queensland, on the 
oilier hand, many years ago there was no fresh milk used in a district where 
the disease was common. 

Climatology and Incidence. — In Queensland it persisted in the past in an 
endemic area in spite of a drought lasting several years. In Western Australia 
the outbreaks are strictly limited to the wet season, anil start with the rapid 
growth of grass after the first rains. Hence its local name in that district. 

Persons of both sexes, any age, and all races may be affcctc'd, those in robust 
health equally with those in ill-hcalth. 

Symptomatology. — The solitary sym})tom is vomiting, which occurs only 
after taking food. This may be within a few minutes, or may be delaycil for 
some time after a meal. The character of the vomiting is cpiite distinctive, 
and reminds one of the action of apomorphia. It is very sudden, and rarely 
preceded, accompanied, or followed by any nausea, straining, or pain. There 
is seldom any premonitory sensation; consequently it is so sudden as oiten to 
be extremely embarrassing. It may occur after every meal or only after one 
or two meals in a da 3 ^ It may be every day, or there may be intervals of one 
or several days between the attacks, which also vary in their duration. From 
the results of experiments, Black has come to the conclusion that the attacks 
are concurrent with and due to the death of some of the organisms, and that 
the intermissions are periods during which none or too few die. In the inter- 
mittent form there is little if any interference with the general health, but in 
the more or less continuous cases there is sometimes considerable loss of 
weight, the malnutrition then resulting in ill-health, f here is no loss of appe- 
tite; but rather the reverse. If the attacks are short and the intermissions 
long, patients, especially children, sometimes increase in weight. 

Treatment. “According to Black, the aim of the treatment is to destroy 
the causal organism in the mucous membrane of the stomach. Cyllin in pala- 
tinoids of 3 minims each with a wine-gkissfulof water three times a day is gener- 
ally effectual and convenient. Thymol may be given in i -grain doses three 
times a day, the patient being warned not to "take any alcohol or oil. Chlorine 
solution, freshly prepared, has been strongly recommended. Other drugs 
suggested are ('arbolic acid, creosote, and /!l-naphthol. Whatever drug is 
used, it should l)e given at least half an hour before meals. 

Prophylaxis. — Nothing is known about this. 

ENTALA9AO. 

Synonyms. — Mai d’engasgo, Dysphagie Tropicale, Tropical Cardiospasm. 

Remarks. — This disease has been known for a long time in certain parts 
of Brazil, having been described by Botelo, Langard, and by Paranhos. 
Bouchard has noticed a somewhat similar disease in pheasants which is due 
to a worm. 

Climatology. — It appears to be localized to some districts in the interior 
of Brazil. 

/Etiology. — I he causation is unknown, but it has been suggested that it 
is a parasitic disease, that it is a neurosis, or that it is connected with eating 
diseased manioc, i'he last theory has been brought forward by Paranhos. 

Morbid Anatomy .—No macroscopical le.sions have so far been discovered. 

Symptomatology. — The patient complains of severe difficulty in swallowing 
even liquids, and feels as though the food had stopped in the (nsophagus 
and had not reached the stomach; hence the name ‘ d’engasgo,’ meaning 
choked. During the attack the patient becomes anxious-looking, throws 
the arms about, and becomes dyspnoeic. The face is congested and the eyes 
protrude. The swallowed food is brought up by a process of regurgitation 
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rather than of true vomiting. The attacks are recurrent, with intervals of 
freedom. After a time the patient may become cachectic from lack of nutri- 
tion, and die. 

Treatment. — This is very unsatisfactory, and merely symptomatic. Bro- 
mides and chloral have been given, but a change of climate is essential. 
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General Remarks. 

In the present chapter we ])ropose to consider the helminth 
infections of the intestines, and in so doing exclude those found in 
the liver or the bloodvessels of the intestines, though it is true that 
the eggs in both cases may be found in the faeces. 


The Intestinal Trematodiases. 

Definition. — An intestinal trematodiasis is an infection of the 
alimentary canal with adult trematode worms. 

Remarks. — The intestinal trematode worms of man are: — 


1. Watsonius waisoni (Conyngham, 1904). 

2. Gaslrodiscus hominis (Lewis and McConnell, 1876). 
Fasciolopsis fullehorni Rodeiiwalt, 1909. 

\ Fascial apsis rathauisi Poirier, 1887. 

\FasciaIapsis buski Lankester, 1857. 

Hctcraphyes heieraphyes (von Siebold, 1852). 

A 1 eta^animus yokagawai (Katsurada, 1913). 

7. Echinastoma ilocamim Garrison, 1908. 

^ .pv \ Echinastoma [Enparyphium) malayanum Leiper, 1911. 

‘ ' yArtyfechinastomnm sufrartyfex Clayton Lane, 1915. 

Envy trema pahcrcaiicAtm (Janson), fully described by I.oos [Annals of Trep . 
Medicine, J<yoy, vol. i., p. 128), has occasioneilly been found in man in Chine.. 


In addition to adult worms, the ova of the Schistosomidaj (Chapters 
XXIV., LXIV., LXXVIL, and LXXXIIL) and those of the liver 
flukes (Cha})t(T LX XXL) pass down the alimentary canal and 
escape in the fieces. 

Fasciola hepatica is the cause of halzoun, described in Chapter 
LXXIV., p. 174b. 

Symptomatology. — Diarrhoea has been described as being caused 
by Watsonius watsoni ()l $() 2 ), while Fasciolopsis buski (p. 568) 
causes dysenteric diarrhoea, F. rathouisi (p. 568) colic, F. fullehorni 
(p. 569) fever, and Ki&tan's fluke (p. 569) gastric disturbance, but 
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the recorded cases are few, the method of infection is unknown, 
and the symptomatology has still to be carefully studied. 
Diagnosis. — The presence of trematode worms can only be diag- 
nosed by the discovery of the 
eggs or the adult in the faeces. 

Treatment. — The treatment 
must be on the same lines as 
that described for ankylosto- 
miasis. 


Fig. 744. — Eggs i)v Eurytvema pancreaticuni 

IN THE F/IvCKS of A CHINESE CoOLIE. 

(X 250.) (From a photograj)!! bv 
J.J.Bcll.) 


F IG . 7 ^ 5 . — G astrodi sens 
hominis. 

(After Leuckart.) 


Intestinal Taeniiasss. 

Definition. — An intestinal taeniiasis is an infection of the alimen- 
tary canal by adult cost ode worms. 

Symptomatology.--''C£’.s/o^^<? parasites cause gastric and reflex symp- 
toms, mostly of a vague nature. The former comprise salivation, 
diarrhoea, or constipation, with colicky pains, nausea, vomiting, or 
dyspepsia, while the latter include faintness, unequal pupils, dis- 
orders of vision and liearing, headache, itching of the nose or anus, 
vertigo, epilepsy, etc. Anaemia and skin eruptions have also been 
recorded. Christ opherson and Izzedin have recorded a case of acute 
intestinal obstruction due to T.enia saginata. 

Treatment. — The treatment is the usual anthelmintic remedy 
of Filix mas, in capsules (six 10-minim capsules) or emulsion — 
sucli as olei filicis oi. to oi.ss., gumm^e acaciie q.s., syrupi 
zingiberis aquje ad 5ii. Fiat haust. To a child six to eight 

years of age olei filicis ^ss. may be administered, followed by 
a saline purg itive six hours later. Filmaro.i, which contains the 
active principle of filix, may be given in capsules (two or three). 
Turpentine may be given in doses of 20 minims three times a 
day, or kousso 2 drachms, or kamala i drachm. Thymol has 
also been recommended. Naphthalene in 2 -grain doses has been 
used in children. 

Taeniiasis is extremely common in certain parts of the tropics— 
as, for instance, Abyssinia — ^where some natives take every two 
months kousso flowers {Bray era anthelmintica Kunth). Several 
other native drugs have been used, among which, according to 
Annaratone, the following are the principal ones; Bulbs of cossala 
(Mollugoliro), habbeciacco (seeds of Oxalis anthelmintica), the bark of 
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OVA OF INTESTINAL WORMS AS SEEN IN THE 

FAECES. 


'J'rkmatoda. 

F, Schistosoma japonicurn (after Leiper). 
Ih Scliistosoma mansoni (after Holcomb) 

G, Fasciolopsis biiski (after I-ooss). 

IT, JTctcrophycs heterophyes (after Looss) . 
Q, Dicroccelium lanccatiim (after Looss). 


Ckstoda. 

J, Dibothriocejihaliis cordatus. (Outline only to show relative size. 

h'igiire K is placed inside it in order to economize space.) 

L, Tajnia solium (after Leuckart). 

M, Taenia confusa (modified after Guyer). 

, l)ibolhrioce])lialus latus (modified aftc'r St hauinsland) . 

, 'I'asnia saginata (after Leuckart). 

R, I lymenolepis nana (after Stiles). 

'f, Ilymenolepis lanceolata (after Kailliet). 

W, 1 lymenolepis tliminuta (after Blanchard) . 

S, Dipylidium caniiium (after Diamare). 

V, Diiilogono|)orus grandis (after Brumpt). 

Nkmatoda. 

A, Ancylostoma duodenale. 

B, Strongyloides stercoralis (after Thayer). 

C, Oxyuris vermicidaris (after Leuckart). 

D, Net ator americanus. 

E, Trichostrongylus instabilis (after Ward). 

1, Giganlorhynchus gigas (after Wartl). 

K, frit liuris trichiura. (Plaeetl insider the outhne of Dibothrio - 

cephalus cordatus for the sake of economy in space.) 

U, Ascaris lumbricoides. 

X, Ascaris, sp. ? (We have seen large c-ggs of this nature in Ceylcin.) 
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Albizzia anthelmintica (Bessina), flowers and leaves of buddleia, 
polistachya {mattari), the bacchae of Mcesa lanceolata (Saoria), and 
of Nijrsine africana [ssa'htso), leaves, flowers, and fruits of Celosia 
erygina [bellilda), efficacious also for ascarides. Large doses 



Fig. 747. — Fi^CAL Eggs of Tcenia 
solium. 

(From a micropholograph by J . J . Bell.) 


Fig. 748. — Taenia saginata. 
(After f^raiin.) 


Rare Taeniiases. 

Some of tlie Taeniiases — e.g., those due to Tcenia philippina, 
T. confusa, T. hreni'ieri, T. hominis, and T. africana — are so rare 



Fig. 749 . — TcBuia Fig. 750. — Tcenia africana. 

africana. (After von Linstow.) 

(After von Linstow.) 


that no further mention is necessary beyond the descriptions which 
have been given in Chapter XXV., p. 614. 


The Dibothriocephaliases. 

The Dibothriocephaliases are produced by Dibothriocephalus latus, 
D. cordatus, and D, parvus. D. latus (p. 604) causes severe anaemia. 
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and at times fever associated with serious symptoms, but this 
infection is not common in the tropics. The treatment is the 
same as for Tccniiasis. 

The Diplogonoporoses. 

Diplogonoporosis is found in Japan, where it is due to Diplo- 


^onopoms grancits (p. 605), and m 
by D. brauni (p. 605). The recorded 
symptoms somewhat resemblethosc 
produced hy Dibothrioccphalus latus. 

Hymenolepsiasis. 


Hymenolepsis nana (p. 610) may 
give rise to severe reflex nervous 
symptoms, but only when present 



Fig. 751. — Dibothrioccphalus talus 
(Pkoglottis) . 

(Alter Braun.) 



Fig, 752A. — Egg of Hymenolepsis 
nana in Human Faeces, (x 300.) 


Roumania, wliere it is caused 



Fig . 75 2 . — Dipyiidiuni can iniini . 

(Alter Dianiare.) 

in considerable numbers. It has 
becsi found in Egypt , Siam, Japan, 
North and South America, and 
Europe, and is by no means a reire 
parasite in man. H. dimirAita 
(p. (>09) is a common parasite in 
rats, but does not occur so fre- 
quently in man, though a number 
of cases have been recorded in 
America and Europe. It does not 
cause any appreciable symptoms. 

Dipylidiasis. 

Dipylidhim caninum (j). bo 8) 
has often been found in man, but 
is harmless. 
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Davaineiasis. 

Davainea madagascaricnsis (p. 61 1) is normally found in birds, 
but about nine cases have been recorded in children in Madagascar, 
Mauritius, Siam, and New Guinea. 

Intestinal Nematodiases. 

Definition. — Intestinal nematodiasis is the invasion of the alimen- 
tary canal by adult nematode worms. 

Strongyloidosis. 

Synonym, Intestinal anguilhilosis. 

Strongyloidosis, usually called intestinal anguillulosis, is the 
infection of man with Strongyloides stercoralis Bavay, 1876 {vide 
p. 628), which produces no symptoms if present in small numbers, 
but induces an intestinal catarrh leading to ana'inia and an inter- 
mittent diarrhoea when in large numbers. Tlie disease is met with 
all over the tropical world, and even in the temperate zont*. Diag- 
nosis can only be effected b}^ finding the rhabdite embryo (the so- 
called An^itilhila stercoralis) or the eggs in the fjeces, in which the 
latter will only be found when violent diarrheea. is present. The 
treatment is the same as for ankylostomiasis. 

Trichuriasis. 

Synonyms. -W'liip-worm iulcction, Triclioc:c})haliasis. 

Nomenclature. — Biittiur in 1761 first named the worm Trichttris, 
or thread-tail, for he mistook th(‘ posterior end for the antirior. 
Linnxms in 1771 called the worm Ascaris irichiicra, but Goeze in 
1782 changed the name to Trichocephalus trichima, because lie reeog- 
nizc’d the error made by Biittner. The term Trichuris irichima 
Linmeus must, however, stand, and the term for any disease 
associated with this worm must be ‘ trichuriasis.’ 

Definition. -Trichuriasis is an infection of tlu; large intestine 
a])peudix, or ileum by Trichuris tridmtr a Linmeus, 1771 {vide p. f>77), 
which produces no symptoms unless it is present in large numbers, 
when aniemia, nervous and gastro-intestinal symptoms may appear. 

History. — From the time of Barth, who, in 1845, was the first to 
ascribe a pathogenic role to the worm, there have been a large 
number of observers who have considered it to be the cause of 
gastro-intestinal and nervous symptoms, while Metclmikoff and 
(>uiart in 1901 considered it to be a cause of appendicitis. In the 
same year Girard dre^w attention to the possible transmission of 
pathogenic bacteria into the tissues via the wounds produced by 
the worm. In 1902 Schiller ascribed a case of high fever to the 
action of a heavy infection with the parasite. In 190S Musgrave, 
Clegg, and Polk contributed an excellent monograph on the whole 
subject of trichuriasis, together with full accounts of four cases. 
Our own experience is in favour of the worm being occasionally 
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directly the cause of appendicitis, for several times we have found it 
in the intlarned appendix removed by operation. 

Geographical Distribution. — Trichuris trichiura is cosmopolitan 
in its distribution. 

etiology. Trichuriasis is caused by Trichuris trichiura Linnaeus, 
177L which, as far as is known, is really a parasite of man and 
monkeys, while allied forms exist in other animals. The eggs 
escape with the faeces, and require three to six months for the 
development of the embryo, which can then remain eilive for years 
inside the shell if kept on moist earth. Usually the: eggs gain access 
to man by means of contaminated food, especially uncooked vege- 
tables, and to a less extent fruits. This is especially likely to occur 



j Si ■'- -Trichuris irichiura. 
(Microphotograph by J. J. Bell.) 


in the tropics, where Imman Lecal matter is often allowed to be 
deposited in vegetable gardens. Musgrave, Clegg, and Polk 
report finding the ova in washings from fresh vegetables. Domestic 
animals, insects, flics, dust, etc., are also considered to be possible 
means of infection. When taken into tlie alimentary canal, it 
hatches and reaches sexual maturity in sixteen days. 

It occurs more commonly among children than adults, women 
than men, and native races than Juiropean. But all these factors 
appear simply to depend upon good or bad sanitation, for the latter 
is the principal factor in producing infection. 

Pathology. — ^It is believed that the worms attached themselves 
to the mucosa of the bowel by the head penctra' ing deeply into its 
tissue either via a gland or directly. In this position the worm is 
firmly fixed, and is more or less protected against the action of 
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anthelmintics. They do not appear to be blood-suckers, nor is 
there any evidence that they produce toxins — at all events, in 
sufficient quantity to affect man. On the other hand, it is believed 
that micro-organisms can gain entrance to the blood through the 
wounds produced by the head, and this secondary infeclion may be 
the cause of the appendicitis and other pathological plienomena. 

Morbid Anatomy. — A post-mortem simply reveals aruemia and 
dropsy, with at times appendicitis. The most marked feature is 
the presence of large numbers of Trichuris trichiura. 

Symptomatology. — The symptomatology may be subdivided into 
the intestinal and appendicular varieties. 

Intestinal V aricty .—The. illness begins with dizziness^ tinnitus 
aurium, and a sensation of weakness, which may be followed by 
slight daily fever and later by oedema of the face and extremities, 
while anaemia appears and gradually progresses. Seen at this stage 
of the illness, the mucosa of the lips and tongue appear pale, the 
appetite is poor, and dyspe])sia, followed later by nausea and 
vomiting, with or without sliglit diarrha^a, occurs. 

The liver and spleen are normal, but a Inemic murmur may be 
heard at the apex of the heart, wliile the blood examination reveals 
a great decrease in the number of red cells and the presence of 
poikilocytes, but as a rule no nucleated elements. The hcxmoglobin 
is also rc^duced, while the leucocytes are increased, and also in most 
cases tluTc is an absence of an eosinophilia. The nrine is normal, 
'fhere is im'iital depression, restlessness, headache, and at times 
insomnia. As the disejise ])rogresses the aiuemia becomes more 
and more marked, and death may eventually ensue. 

Appendicular Variety . — The symptoms of this variety are the 
same as those for a])pendicitis arising from otluT causes. Operative 
treatment reveals the naliirti of the malady. The symj)toms are 
the same as those for a])pendicitis due to other causes— viz., severe 
pain in the region of the appendix, tenderness on pressure, with 
often vomiting and fever. 

Diagnosis. — Tlie disease closely restanbhis ankylostomiasis, from 
which it may be differentiated by linding trichuris ova and no 
ancylostomc ova in the faeces, and also by the absence of marked 
eosinophilia. 

Prog nosis.- - The ordinary slight inlection which is frecpiently met 
with may be considered to be harmless, but the prognosis is grave 
in those rare cases of very heavy infection presenting the symptoms 
described above. 

Treatment. - rile treatment at j>r(‘sent advised is the administra- 
tion of thymol by the mouth in the manner presently to be de- 
scribed for ankylostomiasis, and enemata of solutions of benzine. 

Prophylaxis. — flood sanitation and proper disposal of sewage, 
associated with cleanliness in tlu'. preparation of food, as well as 
with personal cleanliness, constitute important prophylactic 
measures. Uncooked vegetables and skins of fruits should not be 
eaten. 



ANKYLOSTOMIASIS 


1761 


Ankylostomiasis. 

Synonyms.— Ancylostomiasis (this is the latinized Agchylostomiasis, and 
is a term much recommended by many authorities), Agchylostomiasis, Anchy- 
lostomiasis, Uncinariasis, Dochmiosis, Dochiniasis. Lativ : Anemia inter- 
tropicalis, Hypoaemia intertro2)icalis, Geophagia [pro parie), English : Ceylon 
anaemia, Negro consumption. Tropical chlorosis, Egyptian chlorosis. Miners’ 
anaemia, the Great-lazies (Florida), Tunnel- workers' anaemia. Hook-worm 
disease, Porto Rican anaemia. French : Anemic des Pays Chauds, Cachexie 
Africaine, Mai de Coeur, Mai d'cstomac, Ankylostomasie. Italian : Anchilosto- 
manemia, Anchylostomiasi. German : Ankylostonicn-Krankheit, d'anncl- 
krankheit, Wurmkrankheit. Spanish * Aquilostondasis. l^ortuguese ' 
Oppila^ao, Amcrellao, Can9a9:io. A rabic : Rihagan, Sufiira, Tun-tun, 

Definition. — Ankylostomiasis is a toxaemia resulting in a pro- 
gressive anaemia, caused by Ancylostoma diwdcnale Dubini, 1843, 
and Necator americanus Stiles, 1902. 

History. — The history of the discovery, together with the 
structure, life-history, and geographical distribution of the two 
parasites, has been described on pp. ()h()-()73, and ^’t now remains 
to give an account of the history of the disease produced by them 
in man. 

If the references contained in the Ebers papyrus, as well as those 
in the ' Harita Samhita,’ really refer to ankylostomiasis, they 
would make tlic history of the knowledge of the disease very ancient. 
It was, however, early recognized that there was a fatal disease of 
unknown causation in the New World. Thus in 1648 Piso, in his 
work ‘ Historia Medica Brasilian, ’ gives an account of a fatal disease, 
Oppilatio (or Oppilagao), present in Brazil, by which he probably 
meant ankylostomiasis. After him it was described by Pere 
Labat in Guadeloupe in 1742, by Chevalier in St. Dominique in 
1752, by Desportes in the same place in 1770, by Bayou in Cayenne 
in 1780, by Hunter in Jamaica and Rodschield in British (xuiana 
in 1796, by Bryon Edwards in Jamaica in 1799, by Pi it in 1808 in 
the United States, and by Moreau dc Jonnes in 1816 in Guadeloupe;, 
while Chabert’s celebrated account appeared in 1821. In Peru 
Castelnau found it in 1820, Jobim in Brazil in 1835, and Clarke 
in West Africa in i860. In the mcanwliilc a peculiar aniemia had 
been found among miners, first of all in Hungary in 1786, and later 
in France, Belgium, Germany, and Cornwall, which for a long time 
was misunderstood, until Dubini's worms were found in the victims. 
In fact, nothing certain could be said about this peculiar form of 
‘tropical anaemia’ or ‘miners’ ao.aemia’ until Dubini found 
Ancylostoma duodenale as the cause of the disease, thus definitely 
separating ankylostomiasis from ‘ malarial cachexia,’ and also 
clearing the diagnosis of miners’ anaemia and tunnel disease. He 
proposed the name Agehylostoma for his new worm, deriving it 
from dvKvXo^, meaning ‘ bent,’ and o-Topt, meaning ‘ mouth,’ 
which he latinized into Agehylostoma, which therefore ought to have 
remained as the name of the worm, though Ancylostoma is doubtless 
a better rendering. Still, whether he misspelt the word or not, his 
name, according to the old rules of nomenclature, ought to have 
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stood, but the Zoological Committee decided otherwise, and we have 
no choice in the matter, and simply carry out the rules for the time 
being in force. After his discovery the recognition of the disease 
spread, at first slowly, but later rapidly. Thus Bilharz in 1853 
and Griesinger in 1854 recognized it in Egypt, and Wucherer in 
1872 in Brazil, while Grassi and Parona, in 1877, drew attention to 
the importance of finding the ova in the fieccs as a method of diag- 
nosis, and in 1899 Ashford drew attention to the importance of tlie 
higli eosinophilia. In 1898 Looss 'raced the method of infection 
by the skin, the lungs, trachea, etc., while more recently Sambon, 
Fiilleborn, and v. Schilling-Torgau have traced a subsicliary route 
from the lungs via the blood-stream to the alimentary canal. In 
1902 Stiles described Necator americanus, and in the same year 
Boycott and Haldane found the disease in the mines of Cornwall. 

Climatology. — ^The disease will be found wherever there is a 

suitable temperature and mois- 
ture for the development of 
the parasites. It is therefore 
spread throughout the tropics 
of America, Africa, and Asia, 
and is also found in Queensland, 
New Guinea, and Fiji, and also 
in mines or tunnels in Euro])e, 
where the conditions of tem- 
perature and moisture resemble 
the tropics. 

etiology. — The disease is 
due to the presence of Ancy- 
losloma duodenal c and Necaior 
americanus in the body. These 
parasites, as far as is known, 
live entirely in human beings, 
and circ therefore kept alive by 
‘ patients ’ suffering from the 
disease and by ‘ carriers ' or 
persons infected with so few worms that little or no symptoms 
arc produced. As already noted, the larvae live in earth, and 
infection takes place by two routes— either through the skin or 
by the mouth. In the latter instance, it is generally aicquired by 
eating contaminated vegetables, or through the habit of geophagy 
met with in some natives. It is probable, in our opinion, that the 
pathological phenomena may, partly or principally, be due to toxins, 
either set free by the embryo in its travels from the skin to the 
alimentary canal, or inoculated into the blood-stream from the 
cephalic glands of the adult worm as it grips the villi of the intestine. 
But absolute proof is still required of the presence of these toxins, 
notwithstanding the work of Dc Giovanni, Locb, Gabbi, Noc, Ales- 
sandrini, and many others. Weinberg's researches on various 
hehnintotoxins must be specially mentioned. The Porto Rico 



Fig. 75 -^. — Necator aniericamts, 
(Natural size.) 
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^ confirms the suspicion which had long existed as to 
Fiirnnpa^^ racial Immunity, finding 71 per cent, of the cases in 
nf cent, of the cases in mulattocs, and 41 per cent. 

I'^cgroes, to vary from medium to very severe, though 
“f infection of tlie three races was in the proportions 
of 78 per cent., 72 per cent., and 76 per cent. 

is tlic two worm,s itis useful to note that Ancylostonm duodenalc 

hooks on 1 i ir''"T ‘'"Cker an.l coarser hcac( ariucl with four 

lertiiifr infn hh dorsal conical tooth not markedly pro- 

Male I'l Female wipi sexual opening in the posterior third. 

NecatoY m'li bursa, with dorsal lobe. Ova slightlv smaller, 

chitinous smaller, with small and finely tapering head, simple 

month tie buccal rim, dorsal conical tooth projecting well into the 

with snnll^^r u ^ sexual opening in the anterior half of the body. Male 
with smaller bursa and subdivided dorsal lobe. Ova slighti/ larger. 



hic. 755 . — Case of Ankylostomiasis. 


(Note the swollen face.) 

Pathology.— When the embryos enter the skin in sufficient 
numbers they cause an eruption of papules or vesicles but some of 
these arc more probably due to the pyococci and bacteria introduced 
along with the larv.e, which are the true cause of the dermatitis as 
alcoholic extracts of the larvie are said to produce similar lesions 
These skin lesions are called ‘ bunches ’ in Cornwall, ‘ mazamorra ’ 
in Porto Rico, and ‘ ground-itch ’ in Assam. Smith has shown that 
experimental dermal infection with N. americanus causes local 
Itching and a macular cruption,.followed next day by a vesicular 
rash and swelling of the part, and on the fifth day marked swelling 
and enlargement of the lymph glands. This dermatitis disappears 
by the twelfth day. There may be sore throat and uneasy sensa- 
10ns in the stomach for a few weeks, and the ova appear in the 
faeces about the middle of the seventh week. 
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It is not known what effect the journey from the skin to the 
alimentary canal has upon the host, but it is certain that in course 
of time a marked effect upon the blood and the organs of the 
body is produced, which often appears out of proportion to the 
number of worms which can be found in the intestine. Loeb and 
Smith find that the worm produces a substance which hinders the 
coagulation of the blood. Some observers — e.g., Gabbi — have 
found that the blood of ancylostome patients is more toxic than 
tlie blood of healthy people, and contains more haemolytic sub- 
stances, but this has been denied by Marini. Padoa and others 
have observed that the processes of intestinal putrefaction are very 
marked in ankylostomiasis. In our opinion the anaemia is due to 
a complex of causes — viz., the haemolytic toxins secreted by the 
worm, actual loss of blood from the bites of the worms, and microbic 
secondary infections. 

Morbid Anatomy. — An eruption about the feet, (edema about the 
ankles, with a peculiar dead-white appearance of the conjunctiva, 
arc often seen on the post-mortem table. On opening tlie abdomen, 
it will be noted that the tissues are damp, the peritoneum sodden, 
the intestines very pale, and some straw-colour eel fluid will generally 
\)e seen in the peritoneal cavity. All the organs a])pear damp and 
pale. Mhe lungs are cedematous, the heart pale and fatty, with 
soimdimes hypertrophy of the left ventricle. 'Fhe liver is fatty; 
the spleen ])resents various appearances, but generally is shrunken; 
the j^ancreas is normal, as are tlie suprarenals; the stomach shows 
chronic’ gastritis; the jejunum and ileum are usually contracted; 
and the mucosa is often dark red in colour, and marked by small 
hannorrhagic points, which indicate the position of the bites. The 
ancylostomes may be found in large numbers, or may require 
considerable looking for. Sometimes they are firmly attachcxl to 
the mucosae. The kidneys are usually enlarged, pale, and fatty. 

Symptomatology. — The first stage or invasion of tlu' body by the 
embryos may be marked by dermatitis of various types, papulo- 
vesicular or pustulo-ulcerative. The dermatitis is generally 
situated on the soles of the feet, and called by the natives of the 
West Indies ‘ mazamorra ’ (ground-itch), and is also known as 
' pani-ghao ’ and the sore feet of coolies. It is probable, as remarked 
by Balfour, that the symptoms of the initial dermatitis, urticarial 
wheals, redness, and itching, are due directly to the larvse, while the 
pustular stage is caused by secondary pyogenic infection. The 
second stage is the development of a leucocytosis and an eosinophilia 
before the definite disease begins. The third stage is when the 
anaemia begins to be appreciable. 

The patient becomes pale, weak, and dropsical, the pallor being 
most marked in the conjunctiva of the lower eyelid, which becomes 
of a peculiar dead-white appearance. The emaciation may be 
marked, but, on the other hand, it may be concealed by the dropsy. 
In many cases there is oedema round the ankles, and in others there 
may be general oedema, with often ascites, oedema of the legs, 
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scrotum, or face. When the ascites is marked, the patient has a 
protuberant abdomen, and looks at first sight not unlike a person 
suffering from malarial cachexia or kala-azar. The tongue is said 
by some observers to have two purplish smears, one on each side 
of the median line, and to be pigmented, but this in our experi- 
ence can be seen in normal natives. The appetite may be per- 
verted and geophagy result, and in addition there are signs of 
dyspepsia due to the chronic gastritis, and there may be nausea, 
vomiting, heartburn, and pain over the pit of the stomach. The 
bowels may be constipated, or there may be diarrhoea. Ova of 
Ascaris and Trichuris, together with those of Ancylostoma, are often 
seen in the faeces. Occasionally a little blood and mucus are 
present, and Charcot-Leyden crystals may also occur. 

Blood . — There is marked anaemia, which has been shown by 
Boycott and Haldane, by using Haldane and Lorrain-Smith’s 
method of estimating the total volume of the blood, to be due to a 
hydraimia; that is to say, the total volume of the blood is increased 
without a corresponding increase in the cellulai elements and haemo- 
globin. This is analogous to the blood condition found in chlorosis, 
and is the reverse of that found in pernicious anaemia, the features 
of which are very rarely met with in ankylostomiasis. 

The counts given by different observers vary. Thus, Ashford gives as the 
average of. nineteen cases the following figures: Erythrocytes, 1,776,000; 
haemoglobin, 21 per cent,; colour-index, 0*6; leucocytes, 7,000; cosinophiles, 
10*3 per cent. Boycott and Haldane in seventeen cases found erythrocytes 
from 4,072,000 to 1,533,000; haemoglobin from 58 to 17 per cent.; colour- 
index from 0*71 to 0*56; leucocytes from 44,800 to 3,800; polymorphonuclears, 
48*7 per cent.; lymphocytes, I4’4 per cent.; mononuclears, 5*9 per cent.; 
transitionals, 7*4 per cent.; cosinophiles, 23 per cent.; mast cells, o*6 per 
cent. Ashford, King, and Gutierrez found erythrocytes from normal to 
754,000; hcemoglobiii from 8 to 101 per cent.; leucocytes from 5,000 to 
10,000; ])olymorphonuclears, 54*5 per cent.; lymphocytes, 16*3 per cent.; 
mononuclears, 8*6 per cent.; eosinophiles, 17*1 per cent.; other forms, 3*5 per 
cent. 

The red cells may show pathological changes and poikilocytes ; 
Illegal ocytes and polychromasia may be seen, as well as norrn oblasts 
and niegaloblasts. The diminution of the colour-index is said to be 
the first pathological sign in the blood. In some very rare cases a 
condition of hypcrglobulia has been observed instead of the usual 
oligocyth^Emia. 

Boycott has shown that the principal leucocytic changes are to 
be seen in the blood before a condition of marked anaemia has set in, 
when it is found that there may be high leucocytosis — 20,600 to 
56,000 — ^with a very high eosinophile figure of 56*2 to 66*2 per cent., 
while the haemoglobin was from 98 to 80 per cent. When anaemia 
sets in, a leucocytosis is much less frequent, being met with in cases 
in which anaemia develops quickly. On the other hand, a leuco- 
penia may be seen if the case is very anaemic. The reason for this 
alteration from a high state of leucocytosis without anaemia to that 
of leucopenia with severe anaemia might at first sight be thought 
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to be explicable by the hydrcemia producing the anaemia. Boycott, 
however, considers that this is not so, for he points out that leuco- 
C 5 rtosis can occur with marked anaemia, and that there is always a 
tendency on the part of the blood to restore its average volume and 
composition when altered from the normal, and comparing the 
normal leucocytic count of the hydraemia of chlorosis, says that, 
if there was no other factor, the leucocytic count of ankylostomiasis 
would not be affected by the hydraemia. 

He thinks that the true explanation is probably exhaustion of 
the bone-rnarrow produced by the anaemia, and that it is partially 
due to a failure on the part of the individual to react to the stimulus 
to produce the eosinophile leucocytes. In any case, the leucocytic 
reaction does not bear any relationship to the anaemia. According 
to Boycott and Haldane, if the eosinophiles are deducted from the 
total number of the leucocytes, and the percentage of the remainder 
then calculated, it will be found to be nearly normal. The eosino- 
philia has been found to remain after the ova have quite disappeared 
from the fasces. Any inflammatory complication which leads to a 
polymorphonuclear increase may hide the true eOsinophilia. The 
leucocytes are normal in structure, a few neutrophile, but no 
eosinophile myelocytes are to be seen. Wemberg and Mello have 
shown that the injection into guinea-pigs of extracts of various worms 
induces a certain degree of eosinophilia. 

Reviewing this description of the blood, we would point out that 
it looks as though toxins were stimulating the production of the 
eosinophiles, and at the same time preventing a proper formation 
of hiemoglobin, and finally producing the hydrtemia. We must 
state, however, that occasionally we have come across severe cases 
showing no eosinophilia. Low has demonstrated that eosinophilia 
IS generally well marked in children, while it may be absent in 
adults, and suggests that the eosinophiles, which are tissue cells at 
first, come into the blood in response to some stimulus set up by 
^ disappear as this stimulus weakens 
with the prolongation of the infection. As a result of the diminul ion 
t)f hccmoglobin, the iron in the liver is 

diminished. 

Patients often complain of palpitation or difficulty in breathing, 
le ungs will be found normal, but the heart may be displaced 
c ownwards and to the left, and be feeble, with a luemic bruit eit the 
ase. i he vessels of the neck may be seen to pulsa e markedly. 
Ifie pulse is quick, and may be weak, thready, dicrotic, and in- 
ermittent. The liver is very often enlarged, especially in children. 

ever.— b ever m ankylostomiasis was described years ago bv 
anson, Fernando, and others, and more recently attention has been 
ca ed to it by Gabbi and one of us. In some cases there is no 
ever, while in others this feature is present. In our experience 
three types of ankylostomiasis fever may be met with : — 

intermittent type, which is the commonest, and in 
which the temperature seldom rises above loo'^ F. 
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2. An irregular type, at times intermittent, and at times sub- 
continuous. 

3. An undulating type. This is very rarely observed. 

Great care should be taken in making the diagnosis of ankylo- 
stomiasis fever to exclude other conditions — e.g., malaria, Malta 
fever, kala-azar, trypanosomiasis, etc. There is much diversity 
of opinion on the origin of this fever. In our experience the fever 
is not due to the worm itself. It is of bacterial origin, being probably 
due to infections by intestinal bacteria entering the general circula- 
tion through the small wounds produced in the intestinal mucosa 
by the worm. The term ‘ ancylostoma fever ' is, therefore, not 
quite appropriate In several cases the fever continues long after 
the patient has got rid of the ancylostomes by adequate treatment. 



Fig. 75(3. — Temperature Chart of a Case of Ankylostomiasi.s Fever. 
(From a case in the Clinic for Tropical Diseases, Colombo.) 


Urine . — The urine is copious, pale, and often alkaline, with a 
specific gravity varying from 1010 to 1015. Albumen is rarely seen, 
but there is an increase of indigo-blnc and urobilin, and there is 
albumosuria at times. The excretion of nitrogen is said to be 
much increased. Lussana believes that there are toxins in the 
urine which can be separated by the following method: The urine 
is condensed in a water-bath at 60° to 70° C. to a syrup, and then 
extracted with absolute alcohol, which is driven off, and the residue 
dissolved in sterilized water, and injected subcutaneously into 
rabbits. This is believed to produce diminution of the red corpuscles, 
loss of haemoglobin, and poikilocytosis, which speedily disappear on 
stopping the injections. These findings of Lussana have been 
confirmed by some and refuted by other observers. 
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Mental and physical hebetude are marked, and other nervous 
symptoms may be observed. Children do not develop properly, 
and sterility, with delayed menstruation, has been noted. 

When the aiiccmia becomes profound death may ensue from 
cardiac failure, but any intcrcurrcnt affection hastens the end in a 
case of ankylostomiasis. 

Complications.^ — Any intercurrent disease is a serious complica- 
tion, as also is pregnancy. 

Diagnosis. — The definite diagnosis depends upon finding the ova 
in the ftcces. 

Anaemia in tropical countries, especially if associated with 
dropsy, should at once lead the practitioner to suspect ankylosto- 
miasis. It must be remembered, however, that it is by no means 
easy to find the ova in the faeces at the first examination, and that 
sometimes, even in the worst cases, they require to be looked for 
on several days. Occasionally it is useful to give an aperient to 
make the eggs ap])ear in the stools. 

To facilitate the search for the eggs in the stools .several methods have been 
elaborated by Fidlcborn, Pe])per. and others. Pepper’s method is based on 
tlu.^ stickiness of the ova; a portion ©f the sedimented faeces is placed on a 
slide for a few minutes, and then gently immersed in water; after this, 
although all other materials are washed away, the ova still adhere to the slide. 
If this process is repeated several times, numerous eggs may accumulate on 
the slide. It is to be noted that eggs of A scaris, TrieJmris, etc., do not possess 
this j)hysical ]')roperty, and therefore do not remain on the slide. 

Telemann’s method is to shake up a small portion of faeces with equal parts 
of ether and hydrochloric acid, filter, centrifuge, and examine the bottom 
deposit. 

Bass’s method is to dilute the fxv:es with ten or more times their bulk of 
water, strain through two or three layers of gauze in a funnel, centrifuge, 
pour off fluid, fill u]) with diluted faeces, shake, centrifuge, repeat a third 
time, then examine deposit removed by a clean pipette. 

It must be admitted, as noted by Miss Porter and other observers, that 
concentration methods for the detection of ova are of relatively little use, as in 
practice they take too long. 

Prognosis. — llierc is no doubt that ankylostomiasis is one of 
the grea,t factors in producing Ihe death-rate of a Iropical native 
community, very often because it is not diagnosed. Ashford, King, 
and Gutierrez placed the deaths of Porto Rico caused by ankylosto- 
miasis at 30 per cen . of the total death-rate, and we arc not at all 
surprised at this, for our experience indicates that the disease is 
frequently entered in death certificates as anfemia, general dropsy, 
and malarial cachexia. 

Treatment.^ The aim of the Irealment is to kill and remove the 
parasites, and this can be elf(‘cted by thymol, eucalyptus oil, 
eucalyptol, beta-uaphthol, or male-f(Tn. A case must not be con- 
sidered cuied until the fjeces show no ova on repeated examina- 
tion after iwo or three weeks. 

In all cases the patient should be carefully examined as to the 
condition of all his organs before treatment is begun, and should 
be placed on low or liquid diet for a day or so, and while being 
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treated should be kept in bed, and care taken that the bowels have 
been well opened. 

Thymol, introduced by Bozzolo, should be given in cachets, or as 
an emulsion. Generally 15 to 30 grains arc given, and two hours 
later another 15 to 30 grains, followed in some cases by a third 
dose of 15 to 30 grains after another two hours. If the bowels 
do not act within four hours of the last dose, a saline aperient 
should be given. The treatment may be repeated on the following 
day. Another method is to give 10 grains in cachets at night until 
the desired result is attained. Yet another method, recommended 
by the International Health Board, is to mix it with an equal quan- 
tity of bicarbonate of soda, as this addition is believed to aid the 
cure and prevent unpleasant symptoms. 

Thymol is a very poisonous drug in large doses, causing first 
irritation of the cerebral centres, witli excitement and vertigo, 
while a dark colour may appear in the urine, or, according to Blum, 
may be produced by the addition of hydrochlorx acid to the urine. 
According to the same authority, this colour exists in the form 
of a chromogen in the urine, the chemical nature of which is 
threefold: thymolsulphuric acid, thymolhydrochinon sulphuric 
acid, and thymolglycuric acid. In larger doses the nerve centres 
arc paralyzed, the blood-pressure falls, and the patient dies of 
collapse. 

Thymol, however, is very insoluble in water — only i in 1,500 of 
cold water — but it is easily soluble in alcohol, ether, chloroform, 
glycerine, and turpentine; hence no alcoholic stimulant whatever 
must be given to a patient who is to take or has taken thymol, 
and not merely must care be taken not to order stimulants, but the 
nurses must be warned of the danger of giving them. Thymol is also 
soluble in oil. Hence no purgative of castor oil should be ordered 
afler its administration. Thymol certainly should never be given 
if there is marked visceral disease, nor do we think that it should 
be given in very profound amemia — i.e., when the number of red 
cells is below i,5()o,()()() per cubic millimetre. It is, however, very 
satisfactory in its lethal action on the worms, but the treatment 
must be repeated in many cases in a week, and again repeated if 
ova are seen in the fxces. Sandwith recommends a hypodermic 
injection of strychnine before thymol is administered. 

Eucalyptus Oil and Chloroform. — A much less dangerous treat- 
ment is by oil of eucalyptus and chloroform, which may be 
preceded by a saline purgative given a few hours earlier. 

The usual formula is: — 

Olei euenlypti .. .. .. .. .. ll\xx:x. 

Chlorolormis . . . . . . . . . . ntxlv. ^ 

Olei ricini .. .. .. .. . . 3 ^- 

One half to be given first thing in the morning, and the other half 
in half an hour. The chloroform is probably the active principle 
of this mixture. It does not work as satisfactorily as thymol, but 
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it is safer, and can be used several days in succession. We use it 
often in children and debilitated adults. Wc have not seen the 
alarming symptoms described by some authorities as occurring in 
children and debilitated subjects. vSome physicians prefer euca- 
lyptol instead of the oil of eucalyptus. The difference is that 
eucalyptol is that portion which passes over between 347° to 
351° F. when the oil is being distilled from the leaves. 

Chenopodium Oil . — The International Health Board of the Rockfellei 
Foundation in 1917 stated that this oil was the most effective remedy for the 
treatment of ascaris, ovyuris, and tvichiuris, but that its utility for the treat- 
ment of ankylostomiasis was conflicting, and, further, that it produced at 
times alarming symptoms and even death. 

It is either useil alone or with oil of eucaly])tus in the 2)roportion of three 
parts of chenopodium to one part of eucalyptus. 'J'hc method of administra- 
tion is to forbid all solid food after midday, to give a purge of Epsom salts at 
4 p.m., and then at (> p.in. the first dose of sugar containing chenopodium; 
this is continued at hourly or two-hourly intervals until the full dose has been 
taken, and finally, two hours after the last dose, more than 1 ounce of Epsom 
salts is taken by an adult and repeated if necessary in another two hours. 

The dosage of oil of chcToj^odium is as follows: — 

1-2 year., of age 

3-5 M .. 

6-10 ,, ,, 

1 1 - 1 () 

Over 50 , , , , 

It can be given on suga.r or in gelatine capsules. The I'.psom salts administered 
are in a solution of 3 ])ounds in 5 gallons of wixter, 4 drachms being given to a 
child one to fiv(* years of age, 8 drachms to one of six to ten years, 1 2 drachms 
to one of eleven to flflet'n years, 16 drachms to one of sixteen to twenty years, 
and 24 drachms above that age. Castor oil may be given instead of salts, 
2 drachms for a child of one to three years, 3-5 drachms for a child of four 
to eight years, b-io ilrachms for nine to sixteen years, and above sixteen 
years 8-16 drachms, while ounces is considered to be the maximum for a 
female. 

No alcohol or acids are to be ingested for a period of twelve hours antecedent 
to and after the treatment. Ih egnant women should not be treated in this way. 

Treatment should be repeated after ten days, and one week after the second 
course the faeces should be examined microscopically to see whether further 
medication is necessary, and if so it should be repeated at ten days’ intervals 
according to the microscopical flndings. 

Bcta-naphthol linely powdered, can be given in cachets in 15 to 20 grain 
doses, administered in the same manner as thymol — viz., one cachet every 
two hours for two or three times, with the same precaufions as with thymol. 
The jiatien ts often com])lain of severe burning of the stomach after taking them. 
The drug should never be given to individuals suflering from diseases of the 
kidneys, as it may cair^e fatal hamiorrhagic nephritis. 

In debilitated patients beta-naphthol may be given in 5-grain pills made 
up with pulvis tra,gacanth3econn)osita and syrup. One to three pills, according 
to age, should be administered earl}^ in the morning on six successive days. 
No preliminary preparation is necessary. The results, however, as regards 
the destruction of the parasites, are not brilliant. 

Nicol recommends : — 

Beta-naphthol (finely powdered) . . . . 3 iv. 

Mucilaginis tragacanthae . . . . . . Ji. 

Aquae menthae piperitae . . . . . . ad Jvi. 


2 minims for three doses. 

3 ” o » » > > » • 

h-9 

10-13 

1 4 ~ 1 b , » > > I » 

12-14 
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of which 6 drachms (gr. xxx. of beta-naphthol) is given to an adult male, 
5 drachms to an adult female, and i to 2 drachms to children, for a dose. 
Three doses are given at intervals of two hours. Two hours after the last 
dose a saline aperient is given. Beta-naphthol docs not keep well, and should 
be stored in J-pound bottles, and kept in a cool place. 

Male fern, followed by castor oil, or calomel, or infusion ot senna, has also 
been strongly recommended, and was generally used before Bozzolo introduced 
thymol in 1880. The Porto Rico Commission found it useless even in doses 
which produced toxic symptoms. . 

Nattan-Larrier recommends the following method of administering Filix 
mas : — 

First day: Milk diet and .saline purge. Second day: Milk diet; a capsule 
containing 0*30 centigramme of oil of Filix mas every ten minutes until twenty 
have been taken, followed in one- quarter of an hour by a capsule of ether 
every three minutes until eight have been taken. After the last capsule, 
15 grams of castor oil are administered, and, after half an hour, 25 grammes 
of castor oil. Third day; A saline purge. Fourth day: Examination of the 
faeces and repetition of the treatment. Brimont recommends the essence of 
M elaleuca v iridi flora . 

Worms in the Fceces . — -Whatever treatment be adopted its effect 
must be judged by the worms found on examining all the faeces 
passed during the first twelve to twenty-four hours after dosage. 
These faeces are stirred up with"water, allowed to settle, and the 
water decanted, and this process repeated several times, after which 
the deposit is placed on a flat dish with a black background, and 
the whitish or greyish little worms looked for. 

Treatment of the Skin Eruption . — The area showing the eruption 
should be painted with a solution of salicylic acid in collodion (i in 6) 
in the early stages, or later it should be soaked in a weak solution of 
carbolic lotion (i in 100), and the vesicles, pustules, etc., should be 
opened and cleaned with i in 40 carbolic lotion, and the whole area 
dressed with a carbolic lotion or carbolic ointment dressing. The 
itching may be relieved by an ointment of salicylic acid gr. v. 
in 5ii. of zinc oxide ointment and vaseline. The dressing should 
be performed twice daily, and the internal treatment, as de- 
scribed above, begun at once, and repeated every week for some time. 

Treatment of the Month . — ^For about two weeks after infection 
the patient should use a mild antiseptic gargle several times a day, 
and should be instructed to spit out his saliva, sputum, etc., and 
not to swallow it. The gargling should be performed before drinking 
or editing anything. The sputum should be collected and examined 
for larvae. 

Prophylaxis. — Prophylaxis must be based upon an attempt to kill 
the parasites in the human being, and to prevent the infection of 
the human being by the parasite, but in order to be successful in 
these methods it is absolutely necessary to educate both the rich 
and the poor of a district in the essentials of the disease. This must 
be done by illustrated lectures and pamphlets in the vernacular. 
An appeal must also be made to the people to come at once for 
treatment when suffering from skin eruptions or anaemia. 

The first method is the most feasible, and has been tried on a large 
scale at Porto Rico, and on many estates and in m nes. The 
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quickest way is to examine the people for anaemia, and treat the 
anaemics with thymol, the eucalyptus-oil mixture, or / 3 -naphthol, 
after the examination of the heces. On estates the method of 
examining the blood of non-anaemic persons for an cosinophilia 
might be adopted, as the worms may be present before the anaemia 
shows itself. The fecces of persons showing eosinophilia should 
then be examined for ova, and treatnient instituted on the findings. 
Of course a certain degree of eosinophilia is also present in cases of 
ascariasis and other kinds of helminthiasis. 

With regard to the second method, the formation and use of 
proper latrines may do much. With regard to estates, tea-bushes. 



Fig, 757, — A Cheap and Easily Constructed Incinerator. 

etc., should not be allowed to grow riglit up to the coolies’ lines, 
but a clear area should be left, and this should be treated from time 
to time with quicklime. Further, every alternate row of bushes 
might be left out in the half-acre adjoining the lines, and in the 
vacant spaces latrine-holes lined with lime might be dug. The use 
of bucket-latrines and the destruction of the faeces in a small crude 
incinerator would be better, and could be easily managed on estates. 
The best cheap latrine is ‘Bailey’s patent,’ manufactured by the 
Empire Engineering ('ompany of Cawnpore, at a cost of 118 rupees 
for a two-seat, and 360 rupees for an eight-seat latrine. 

Leiper has suggested that fruitful results would be obtained from a more 
detailed study of the larvicidal effects of chemical manures such as ' njtro- 
line,’ etc. According to certain experiments made by this author, it would 
seem that after treatment with such chemicals human ordure could perhaps 
be used on the land with safety. 
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The figures show small incinerators in use in a mill and in a 
gaol in Colombo, but it must be remembered that faeces require 
a considerable amount of fuel and a considerable draught before 
they are properly burnt. There is, however, no need to go to great 
expense, and a simply constructed incinerator will often work well, 
if a little smell is not objected to. In order to calculate the size of 
latrine required, it must be remembered that an Indian community 



Fig. 758. — Another Cheap and Hash y Constructed Incinerator. 


is estimated to pass 8 ounces of faecal matter per diem in a mixed 
population of races, sexes, and ages, and 40 ounces of urine. The 
usual size of a galvanized iron latrine-bucket is 14 inches high by 
12 inches broad at the mouth and 9 inches at the base, and it has a 
cubic capacity of 0.9 cubic foot, and is said to weigh 10 pounds 
when full. Coir fibre is often mixed with the faecal matter in the 
proportion of 2^ pounds of coir to i pound of fiecal matter or i gallon 
of urine. 
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Messrs. Freudenberg and Company, of Colombo, use a simple incinerator, 
and they have kindly supplied us with the following details of their process, 
which is carried out at night: — 

Average number of buckets of faecal matter burnt per night, 20. 

Average weight contents of a bucket, 26 pounds. 

Average quantity of ash left after burning the above, 5 buckets. 

Average amount of coir dust used per bucket, 2 pounds. 

Average amount of firewood used })er burning, 2 hundredweight. 

Average amount of rubbish burnt at the same time, together with a 
few old gunny bags, i-J hundredweight. 

Average number of coolies whose faecal matter is dealt with, 400. 

Latrine coolies at 62^ cents per diem to do the work, 2. 

Firing starts at 7 p.m., and is finished by 8 a.m.; the highest tempera- 
ture recorded was 1,050° C. 

The urine can, of course, be separated from the faeces by using a Donaldson’s 
separator latrine. The urine can then be disposed of by burial, and the faeces 
burnt. 

There is no doubt that some such method would have excellent results in 
dealing with the problem in small communities and estates if carried out 
properly. 

Jladly infected lands might be treated with lime. It has been recommended 
that coolies should protect their feet by first dipping them in a bucket of 
tar, and then in one with sand. 

The method of dealing with a kirge community is best exemplified 
by quoting the excellent work of the two Porto Rico Commissions, 
tem])orary and permanent, the former consisting of Ashford, King, 
and Igaravdez, and tlie latter of Igaravdez, Martinez, and Sein y Sein. 

Latients attend at a central, or one of the outlying depots or dispensaries, 
where their stools are examined, and they are given medicines, and a card 
with the following instructions: — 

1 . Tak(^ one of the two purgatives given to you to-night (sodium sulphate). 

2. Takt' at (> a.m. to-morrow half the capsules [all the capsules equal 45 to 
bo grains (5 to 4 grammes) of thymol, or 23 to 45 grains (1*5 to 3 grammes) of 
/:J-naphthol]. 

3. Take the other half at 8 a.m. the same morning. 

4. Take the other purgative at 10 a.m. 

5. You should neither drink wine nor any alcoholic liquor during the time 
you are taking these medicines. 

(). Come for more medicines until the physician says you arc cured. 

7. lla,v(‘ a privy in your house. Do not defaecate on the surface of the 
grouiul, but in the privy. 

8. Do not walk barefooted, .so that you may avoid catching mazamorra in 
your feet. Wear shoes, and you will never suffer from anaemia. 

In adtlition, farmers were requested to stop the pollution of the ground, and 
to introduce the use of shoes. 

J he result was that i i per cent, of the population were treated in the year 
1906-07 (89,233), and of these, 25-7 per cent, were ciired, 17-4 per cent, practi- 
cally cured, 40*5 per cent, were under treatment, 16*2 per cent, ceased to 
return, and 0’2 per cent, died, at a total cost of £g,Goo, of which £j,2oo went 
in .salaries and / 1 , 100 in drugs. 

Again, the highest credit must be given to the Americans for the fearless way 
in which they spend money on the prevention of disease and the free hand 
which they give to the sanatarian in the tropics. 

In mines Oliver recommends that a .solution of iron sulphate be used as a 
wash for the floors. 

Salt has also been recommended by Perroncito, and later by other observers, 
but as a solution of at least 2 per cent, is necessary to kill the larvse, this 
method is too expensive. 
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Summary of Preventive Measures. 

Educational .* — 

Instruction of rich and poor with regard to the methods of infection, 
symptoms, treatment, and prophylaxis. 

Personal Prophylaxis : — 

1. Protection of the feet. 

2. Protection of the hands. 

3. Immediate treatment of the eruption on feet or hands. 

4. Neexssity of early treatment. 

Public Prophylaxis : — 

1. Search for and treatment of carriers. 

2. Search for cases of the skin eruption and treatment of the same 

3. Search for cases of anaiinia. and treatment of same. 

4. Provision of sanitary conveniences kept in good condition, and 

associated witli a good system of conservancy. 

Ascariasis. 

Definition. — Ascariasis is infection with Ascaris lumbricoides 
Linnaeus, 1758; 7'oxascaris cams Werner, 1782; or Belascaris mystax 
Zedcr, 1800, the first named being much the most common. 

Symptomatology.— The symptoms may be nil, or may resemble 
those of cestodc infections, being partly gastro-intestinal, partly 
reflex, while skin irritation and eruptions may also be present. If, 
however, tlie number of parasites be very considerable, signs of 
toxic poisoning, or even of intestined obstruction from interlacing 
of the worms, may develop, but the great danger is from the 
wandering of the parasites. If they wander up the bile-duct and 
in'o the liver, they may cause abscesses in the liver. We have 
found as many as eleven worms in the bile-duct, with a large 
number in the liver, three of which lay in abscess cavities. They 
may also enter the duct of Wirsuug, and cause slight inflammation 
of the pancreas, or go into the appendix, and cause appendicitis. 
Furtlier, they may pierce the bowel in cases of ulcerative conditions 
of the bowels, and enter the peritoneum or the bladder, or enter the 
lung, the nose, or the ear by the Eustachian tube — in fact, they may 
wander all over the body. The observer must, however, be careful 
to distinguish between tlie post-mortem and ante-mortem wander- 
ings of these worms; in the former case the worms are generally 
found alive. The most important reflex symptoms are the con- 
vulsions so commonly met with in children, and attacks of so-called 
‘ wormy ’ cough arc^ not rare. We have seen cases of fever re- 
sembling typhoid (typho-lumbricosio) which on post-mortem ex- 
amination have shown no lesions of typhoid, but enormous numbers 
of ascaris. 

Diagnosis. — ^The diagnosis will depend upon the discovery of the 
eggs in the ftcces. 

Treatment. — The best treatment is santonin, with some form of 
purgative. Usually santonin is mixed with an equal quantity of 
calomel, and given in doses of i to 3 grains for an adult, and }. grain 
for every year of life for a child. The dose is given every morning 
for two or three days, and repeated again in a week if eggs still 
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appear in the faces. It is as well to remember that santonin maj- 
cause blue or yellow vision. 

Oil of c'hcnopocliiim may be given in gelatine capsules or in castor oil. (Ft r 
dosage see p. 1770.) In China Quisqnalis itidicaisM times used; 2 drachms of 
the powder. 

Oxyuriasis. 

Deflnition.—Oxyuriasis is infection with Oxyuris vermicularh 
LinntTUS, 1767 (see p. 857), and is common all over the world. 

Symptomatology.— The symptoms are irritation in the region of 
the anus, with sometimes a distinct enter o-colil is, and sometimes 
slight fever. It is usually stated that there is a sense of irritation 
in the nose. The diagnosis is to be made by finding the worms in 
the motions after a purgative. In girls the worms may enter the 
vagina and cause vaginitis. 

Treatment. — ^Thc gravid females can be killed by rectal injections 
of quassia, alum (3i. to a pint), salt (5ii. to a pint), but the young 
forms require internal treatment with santonin and calomel, as 
described under Ascariasis. Flynn recommends sulphur (gr. iii.) 
three times a day in adults,and gr. i.ss. in children, given as a cachet 
or lozenge. A 10 to 20 per cent, calomel ointment, diluted unguen- 
tum hydrargyri (i in 4), may be applied to the anus, or iodoform 
and naphthaliii suppositories may be used. 

Intestinal Poly parasitism. 

Definition. — Intestinal polyparasitism is the invasion of the 
alimentary canal by more than one species of j arasite. 

Remarks.— We have, since 1903, investigated the question as to 
which parasites are commonly present in natives of tropical Africa 
and Ceylon, and find that it is the rule rather than the exception 
for their intestines to harbour more than one species of parasite. 

Statistical information with regard to the prevalence of the 
various forms in different tropical regions is still wanting, but some 
valuable observations have been macle, especially in the Philippine 
Islands by (hirrison, and in South Africa by Miss Porter. The rela- 
tive prevalence of the various intestinal parasites in the Philippines 
has been carefully studied by Garrison, who finds that 84 per cent, 
of the investigated persons were infected with fifteen genera and 
about twenty species, multiple infections being the rule, the average 
number of infections being 2-25 per head. 

The prevalence of the varion.s para.sitcs were a.s follows: — 


Per Cent. 

Trichiiris . . . . . . . . . . . . 59*0 

Ancylostoma and Necator .. .. .. 52*() 

Ascaris . . . . . . . . . . . . 26*0 

Amtx'bae 23*0 

Flagellates and Ciliates . . . . . . . . 21*0 

Strongyloides . . . . . . . . . . 3.0 

Oxyuris o-8 

Taenia . . . . . . , . _ . . o.y 

Schistosoma japonicum .. .. .. .. o*6 

Paragonimus . . . . . . . . . . 0*4 

Opisthorchis . . . . . . , . . . 0.3 

Hymenolepsis .. .. .. .. o*i 
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Besides^ these, however, there were a number of undetermined 
forms. The infection with Trichuris is variously given in different 
countries — e.g., Porto Rico (Commission), 7-27 per cent.; India 
(Fearnside), 6*95 per cent.; India (Dobson), 4*4 per cent.; Central 
Africa (Daniels), 2*79 per cent. The infection with Ancylostoma 
and Necator is given in India (Calvert), 83 per cent.; (Dobson), 
57*58 per cent.; (Fearnside), 65*83 per cent. Ascaris infection in 
West Africa (Wellman) is 50*97 per cent. Garrison considers his 
figure of 26 per cent., which is based upon adults only, as much too 
low. Strongyloides is placed in Central Africa at (Daniels) 1-5 per 
cent.; West Africa (Wellman), 065 per cent.; Porto Rico (Com- 
mission), 0*8 pci cent. Oxyuris is given in India (Dobson) at 
15*37 per cent. 

JEtiology. — Ascaris lumhricoidcs is, in oiir expcTient e, by fur the 
most common parasite, and it is often associated with either Trichuris 
trichiura or Necaior americanns (or Ancylostoma duodcnalc) in 
double infections, but triple infections with these three parasites are 
not uncommon, and quadruple infections of the three associated 
with Strongyloides intcslinalis are also common. 

Associated with one or more of these worms it is by no means 
unusual to find LocscJiub and flagellates, especially Trichomonas 
hominis, and more rarely ciliates — e.g., Balantidium coli. Oxynris 
vcrmicnlaris is fairly common in children, but tapeworms are not 
so frequently met with in Ceylon, India, and Equatorial Africa, 
while they are extremely common in Abyssinia. 

In China and other countries Tremafode infections must also be 
considered, and in the West Indies and Africa infection with 
Schistosoma manson i. 

Symptomatology. — I'he symptoms presented by the patients may 
be nil if the parasiles are few in number, and will in any case depend 
mostly upon the action of that s])ecies which is known to be the more 
pathogenic* or which is most abundant, but it may be very difficult 
or impossible to separate the syinj)toms caused by one parasite from 
those due to another. Cases may show signs of fever, amemia, 
diarrlicea, and even dysenteric symptoms may appear if the infection 
is heavy. 

Treatment. — The treatment must commence with that laid down 
for the parasite which is the more im])ortant from a pathogenic point 
of view — ‘C.g., in the case of a doubh infection with Ancylostoma 
and Ascaris, the ankylostomiasis must be treated first and then 
the ascariasis. 


Rare Infections. 

Gordiaceiasis and Acanthooephaliasis (see pp. 678 and 67(3). 

Infections witli species of the (iortliacea and Acanthocepliala arc rare* 
Treatment would be on the same lines as for "ascariasis." 


II2 
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Intestinal Diplopodiasis and Chilopodiasis (sec pp. 689 and 739)- 

Diplopodiasis and chilopodiasis are rare and unimportant, giving rise to 
intestinal pains and diarrhoea. The diagnosis is only possible on discovery 
of the parasites in the faeces. The treatment is the chloroform mixture, as 
for ankylostomiasis. 

These infestations arc placed here only for convenience. 
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SPRUE AND OTHER DIARRHCEAS 


sprue — Pseudo-Sprue — Hill diarrhoea- — Low-country morning diarrhoea — 
Flagellate diarrhoea — Famine diarrhoeei — Cadiac disease — References. 

SPRUE. 

Synonyms. — Ceylon sore mouth, Aphthoidcs Chronica, Tropical aphthae. 
Impetigo Primarum Viarum, Diarrha^a Alba, Psilosis Linguae et Mucosae 
Intestini, Phthisis Abdominalis, Blastomycosis Intestinalis, Endemic diarrhoea, 
Cochin China diarrlKna. 

The term ‘ sprue ' (sprew, spraii, sprulf, spru, spre, spree, spro) is a phrase 
used in Holland and Scotland for aphthous stomatitis in children, Aphthae 
fropicalis der deutschen, and was applied to this disease by Manson and Van 
der Burg, the latter calling the disease in Batavia ‘ Indische spruw.’ 

Definition. — Sprue is a chronic catarrhal inliamination of the 
alimentary canal, of unknown cause, characterized by a peculiar 
ulcerative condition of the tongue and mouth, and by the passage 
of large, i)ale, frothy motions, the symptoms waxing and waning 
periodically. 

History. — According to Hiatt, sprue was first mentioned in the 
writings of John I^ickncll, in America, in 1737. Hillary, of Barba- 
dos, in 1766, in a most remarkably able manner, describes the 
disease lor the first time under the name ' aphthoides chronica.’ 
His account is well worth reading, and there can be no possible doubt 
that his description refers to the disease we now call sprue. The 
Indian physicians Twining (1835), Grant (1854), Cunningham (1877), 
mention symptoms indicating that they were acquainted with a 
disease of this nature, while Elliott of Ceylon gave a very good 
account of the malady, which he called ‘ phthisis abdominalis.’ 

At the same time — i.c., 1864 to 1883 — French physicians noted 
a peculiar form of diarrhoea, commonly met with in Cochin China, 
which perplexed them considerably, a large number believing that 
it was dysenteric in nature, while others considered that it was 
probably a new disease. 

In 1880 Manson was the first after Hillary to clearly define the 
disease, which he called ‘ sprue ’ ; and in the same year, and inde- 
pendently, Van der Burg described it under the term ‘ Indische 
spruw ’ in Batavia. In the next year (1881) vSir Joseph Fayrer 
delivered the Lettsomian Lectures on chronic white tropical diar- 
rhoea. These three authors permanently established the disease as 
a clinical entity. Since then many important papers and articles 
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have appeared, notably Roux’s ‘ Traite ’ in 1888, Thin’s ‘ Psilosis ’ 
in 1897, and Cantlie’s papers, and the publications by Brown, Begg, 
Castellani, Low, Bahr, Ashford, Rogers, Nicholls and many others. 

Climatology. — The endemic home of sprue appears to be Asia, 
especially Malaya, Sumatra, Java, Siam, and Annam; but it also 
extends into Burma, India and Ceylon, China, Australia (East and 
South), New Caledonia, the I^dji Islands, and Japan. Pos^>ibly it 
exists in the West Indies, wliere Hillary originally described it, and 
it may occur all through the tropics: but if so, it must be rare in 
certain regions — as, for example, West Africa. Rare cases of sprue 
occur in Europe. 

etiology. — The etiology of sprue has not yet been elucidated, 
but of the many etiological theories brought forward, the one 
which at the present time receives more accept anre is the monilia 
or oidium theory, also known as Kohlbn/^^e's iheory. Kohl- 
brugge, in igoi, found in cases of sprue in Java a fungus which he 
identilied with Monilia albicans Robin, at that time better known 
under the name of Oidium albicans. He made a verv complete 
histological study of one of his cases which ended fatally, and 
emphasized tlie fact that the fungus in sections of the tongue, etc., 
had invaded the deep strata of the mucosa, the glands, and portions 
of the submucosa. He concluded that the fungus was the cause 
of the disease. Kohlbrugge’s findings were speedily confirmed by 
many observers, especially French and Dutch, and Le Dantcc gave 
to the malad}^ the name of blastomycosis iniesiinalis. 

In 1905 and 1912 cases of sprue with presence of monilia fungi 
were placed on record by Castellani, who, in 1912, described several 
species, M onilia iniesiinalis , M. cnierica, etc. This author’s opinion 
was that such fungi were the cause of some of the symptoms of 
sprue, as, for instance, the frothy appearance of the stools, but 
doubted their being the primary cause of the malady. He believed 
them to be the cause of the frothy diarrluea, because lie had noted 
that this symptom generally improved after large doses of bicar- 
bonate of soda. He thought that sodium bicarboneite given in 
large doses might decrease the acidity of the intestinal contents, 
and in this wav check the growth of fungi, which, as is well known, 
grow better on acid than on alkaline media. In 1913 Castellani 
and Low described a new monilia found in a case of sprue, M. deco- 
lor ans Castellani and Low, 1913. They came to the conclusion that 
this and other monilias (M. inteslmalis, etc.) were the cause of certain 
important symptoms of the disease such as frothiness of the stools, 
etc., but they were not inclined to consider them to be the primary 
cause of the malady; they quoted in analogy the example of scabies, 
in which the main part of the symptoms is due to the secondary in- 
vasion by staphylococci, and not to the primary cause, the acarus. 

In 1914, Bahr, in a series of interesting publications, supported 
Kohlbrugge’s theory, believing that the cause of the malady was 
probably Monilia albicans Robin. 

From 1915, Ashford, in several able papers, has supported the 
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same theory, though he does not consider that M. albicam is the 
cause of the malady. He calls the monilia observed in his cases 
Af. psilosis, but, according to the laws of nomenclature, the correct 
term would seem to be Monilia enterica. 

Monilias found in Sprue. — The principal species of monilia so far 
found in sprue are the following: — 

1. Monilia albicans 

2. Monilia decolor ans Castellani and Low. 

3. Monilia intestinalis Castellani. 

4. Monilia fcBcalis Cdistellsim. 

5. Monilia insolita Castellani. 

6. Monilia tropicalis Castellani. 

7. Monilia enterica Castellani (probable synonyms; 

Monilia psilosis Ashiord, Par asaccharomyces ash- 

fordi Anderson). 

For description of /these fungi see p. 1079. 

Species of the Genus Oidiiim found in Sprue. — The principal 
species of the genus Oidiiim sensu stricio so far found in sprue are: — 

Oidium rotundatum Castellani. 

Oidium aster oides Castellani. 

For description of these fungi see p. 1093. 

Remarks. — Kohlbrugge’s theory is the one finding most support 
at the present time, and, according to various authors, agglutination 
and complement fixation tests are supporting it, and certain ob- 
servers have claimed to have succeeded in reproducing the malady 
in the lower animals by injection of intestinal monilias. We be- 
lieve that if the malady is eventually demonstrat ed to be a moniliasis, 
then a group of monilias, and not one only, will be found to be 
capable of producing the affection; this in analogy to what one sees 
in bacillary dysentery, and in affections due to the higher fungi, 
such as ringworm. 

It must be noted that fungi, especially in tropical countries, may be found 
also in stools of normal individuals, and persons suffering with affections 
which are not connected with sprue. Such fungi mostly belong to the genera 
Monilia, Saccharomyces, Cryptococcus, Willia, Mycoderma, Oidium. 

The Helminthic Theory. — Some authorities consider Strongyloides 
stercoralis to be the cause of the disease, but in our experience the 
worm has nothing to do with the malady, being found in all sorts 
of pathological conditions. 

The Bacterial Theory. — Numerous different cocci, bacilli, etc., 
have been described as the causative agents of sprue, but so far 
none has been demonstrated to be the primary cause of the malady. 
Rogers and NichoUs have suggested that the disease may be a 
streptococcal infection, both authors having obtained good results 
by using streptococcal vaccines. The streptococci found by Nicholls 
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were of the viridans type, as found also in normal mouths. 
Complement fixation tests carried out by Nicholls would seem to 
support the streptococcal theory. Nicholls believes the etiology 
to be in reality twofold, there being an infection factor and a 
dietary factor. 

Attention must be called to certain cases of pseudo-sprue, 
described by one of us, and due to a bacillus of the Flexner group. 
These cases are not true sprue, as they get well either spontaneously 
without leaving the tropics or by a course of vaccine treatment 
prepared with the Flexner-likc bacilli isolated from the stools. 

The Protozoan Theory. — Various protozoan organisms have been 
found in cases of sprue, amoebae, spirocluetes, flagellates, etc., but 
none have been demonstrated to be the cause of the malad}^ 

The Climatic Theory. — This does not need to be discussed, though 
a hot damp climate is an important predisposing cause. 

The Food Theory. — This also does not need to be discussed, 
though spicy foods and alcohol may be pred^’sposing causes, and 
dietary errors, as emphasized by Nicholls, may lower the resistance 
of the alimentary mucosa to germ infection. 

The Deficiency Theory. — ^'fhis theory has been ably brought 
forward by Cantlic, who noticed in certain cases signs of scurvy. 

Syndrome Theory. — Finally, the theory must be mentioned 
according to which sprue is not a separate disease, but is a syndrome 
met with in various pathological conditions, such as chronic dysen- 
tery and pernicious amemia. This theory is not supported by any 
medical man of long tropical experience. The disease presents 
typical symptoms and a typical course, but, as in dysentery, so in 
sprue, it is in our opinion probable that the clinical term covers 
several closelv allied conditions — e.g., it is possible that there may 
be a sprue of hyphomycetic origin, a sprue of bacterial origin, and 
a sprue of protozoan origin. 

Pathology. — With an unknown causation, it is not easy to write 
an account of the pathology. It would appear as though the 
primary lesions arc beneath the epithelium in both the tongue and 
the intestine, and cause the superficial desquamation and catarrh. 
In the intestine the disease begins with submucous congestion, after 
which follows thrombosis of the vessels, and exudation of haemo- 
globin, and a round-celled infiltration. The mucosa suffers because 
its blood supply is damaged, and therefore necrosis takes place, 
the glands and villi being affected. The oesophagus and stomach 
also suffer. The liver is at first enlarged and congested, but later 
becomes atrophied and small. The fact that the tongue, oesophagus, 
stomach, and intestines are affected would indicate that something 
deleterious is being carried by the blood stream to these organs, 
rather than that something is acting from the surface. The irrita- 
tion of the liver may be due to the same cause. 

When once the mucosae are damaged, the chemical processes of 
digestion and the absorption of their products must be interfered 
with; while at the same time the absorption of poisons from the 



SPRUE AND OTHER DIARRHCEAS 


1784 

alimentary canal must be easier. Indeed, there is evidence of this 
in the increase of indigo blue in the urine, which is at times marked. 

These two conditions would lead to an atrophy of the liver, which 
organ is one of the great safeguards against a toxsemia of intestinal 
origin. When the liver is sufficiently damaged, a toxsemia is pos- 
sible, and occurs; hence, possibly, the advantage of the treatment 
by liver-soup or other jmeparations of liver. 

The damaged condition of the mucosa of the mouth and tongue 
makes mastication difficult. The denuded condition of the 
(xsophagus causes tlie burning pain during swallowing; the con- 
dition of gastric and intestinal mucosec causes the d^^spepsia and 
diarrhoea of the disease. The diarrhcea is characterized by pale, 
frothy motions, the explanation of which is as follows; — 

On opening the bowels post mortem, the observer is struck by 
the fact that, though there may be plenty of bile in the duodenum 
and in the higher portions of the bowel, this gradually disappears 
until, in th.e lower parts of the small intestine, the contents appear 
white. In normal heces bilirubin sliould be changed into sterco- 
bilin (hydrobilirubin), which is urobilin, and is identical with that 
found in the urine. The white appearance of the intestinal contents 
is probably partly due to certain bacteria, especially B. albojacicns. 

Vauglian Harley has shown that in the upper third of the small 
intestine the normal fa'ces are of a yellowish colour, due to bili- 
rubin. In the middle third they aia^ of a whitish or greyish colour, 
probably owing to tlu' bile-pigments being convert c'd into chromo- 
gens, which heroine green in the lower third. After ])assiiig tlie 
ileo-ca‘ea,l valve, the bile-])ignients ar(‘ converted into urobilin by 
the action of putri'fa.ctivi' bacteria, but a considerable quantity of 
this is in the form of a ehromogem. If the pancreatic juice is absent 
a colourless form of urobilin is found, called leuco-urobilin ; the 
blood pictures in tlu' last stage closely resembh' that of pernicious 
anaania, A \'c'ry common feature is the presence of true chromatin 
granules in certain red cells. 

Histopathology.- -Tlie histopathology of the disease requires much 
flirt luT study. The principal liistopathological feature of th(‘ 
malady is a sc^vere yiroca'ss of desquamation of the mucosa' of tlie 
digestive tract, together with atrophic changes of the mucos;e, glands, 
pancreas, and liver. One of us, in association with E. H. Koss, 
Low, and Cr()]q)er, has studied certain histological features of the 
epithelial cells of the tongue and the condition of the blood. 

Changes tn the Cells oj the Tongue , — These cells present 

often a fatty deginieration, but an interesting feature is the great 
increase in tlu' pio'st'uce of certain inclusions, which, as demon- 
strated by one of us, maybe found also in various kinds of stomatitis, 
including the usual tobacco variety, and even in normal people. 
These iieculiar inclusions are of two types. 

Type 1 . — This is by far the commoner. The cell presents a 
various number — one to twelve or fifteen — of roundish or oval form- 
ations of variable size, 2 or 8 ^ in diameter, wliich in preparations 
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coloured by Leishman's stain take up a reddish or purplish colour. 
They are apparently structureless, but they may present one or 
two small vacuoles. These inclusions stain beautifully by using 
H. C. Ross’s jelly method, but even with this method do not show 
any structure. They are not fat drops, as they colour deeply with 
Leishman’s stain instead of becoming dissv)lved in the alcolml. 
They do not appear to be of nuclear substance, as the masse? arc 
structureless. They do not seem to be parasitic, as they are 
structureless and homogeneous. The severer the indammation of 
the tongue, whatever the cause, the more numerous are these 
bodies. Tlic greatest probability^ is that they are me, rely masses 
of keratohyalin. 

Type IT . — Occasionally instead of structureless homogeneous 
masses, granular agglomerations somewliat reserivbling chlamydozoa 
are seen. Whether these are a stage of the former inclusions is 
not known, but they appear to be merely cell degenerations. 

Changes in the Cells of the Blood . — These have dready ])een men- 
tioned under tlie lieadi ng Pathology. 

Morbid Anatomy. — The body is emaciated, and the skin often 
hangs loosely, and there may be cedema about the ankles. The 
tongue shows small areas of infiltration into tlie connective tissue, 
vesicles, and small ulcers. The filiform pa])illa‘ atrophy, and the 
fungiform papillaj become swollen and prominent. The pillars 
of the fauces and the tonsils may show subepitludial inflammation, 
and even suppuration and ulceration. The oesophagus is inflamed, 
and its mucosa is attenuated in places. The mucosa of the stomach 
may be paU* and atrophied, or rough and cirrhotic. The mucosa 
of the small intestine may be slightly eroded, or may be so de- 
stroyed that the whole bowel is diajflianous with vascular arboriza- 
tions; or there may be effusion into the solitary and agminated 
glands. The contents are bile-stained in the upper parts, and 
whitish lower down. The large bowel may be ulcerated. The 
liver is atrophied, but otherwise normal. The pancreas may be 
normal, inflamed, or cirrhotic. The peritoneum may be thickened 
and chronically inflamed, and in some cases show adhesions. The 
other organs are normal as a rule, but sometimes they are eitrophied. 

Symptomatology. — The incubation period of sprue is quite un- 
known, and the onset is insidious, without marked symptoms, 
which are usually merely failing strength and an undefined sense 
of illness. The disease may begin with diarrhoea and intestinal 
symptoms, or with mouth symptoms only. 

Usually it begins with slight attacks of sore mouth, indigestion, 
and morning diarrhoea, often of a bilious nature; but as none of 
these are severe, and all arc evanescent, the patient thinks little or 
nothing about them, and does not consult a medical man until 
the disease is well established. Three symptoms now worry the 
patient — viz., sore mouth, indigestion, and morning diarrhoea. 

On examining the mouth, the dorsum of the tongue will be seen 
to have a whitish fur, through which the swollen fungiform papillae 
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are projecting. The sides and tip of the tongue are red and in- 
flamed, with often small vesicles, small ulcers, and Dare patches, 
which are very tender. Similar patches may be noted under the 
tongue near the frenum, on the inside of the cheeks, on the palate, 
and on the pillars of the fauces. A little ulcer, called Crombie’s 
molar ulcer, may be seen near the two last upper or lower molar 
teeth. So tender is the mouth at times that deglutition, mastica- 
tion, warm or spiced foods, acid or alcoholic liquors, cause much 
pain. In addition, mucus may be noticed clinging to the pillars 
of the fauces and to the back of the pharynx. This mucus is a 
source of great distress to the patient, as it accumulates in con- 
siderable quantities, especially if some warm fluid has been taken, 
and the effort to get rid of it makes him almost sick. On swallowing 
food, a burning pain is felt along the course of the oesophagus and 
over the sternum, as though there was something raw inside (as, 
indeed, there is). The voice is said by Thin to be altered at times, 
but we have not specially noted this. 

The neck, thorax, and arms may show signs of emaciation. The 
abdomen is swollen, sometimes markedly so, especially in the 
epigastric region, and the wall is soft and relaxed. The patient 
complains of dyspeptic symptoms— viz., a sensation of discornfort 
and distension after meals, with acid eructations and sometimes 
vomiting. Early in the morning he feels symptoms of intestinal 
discomfort, and passes a few copious, greyish, offensive, frothy 
motions, and no more for the rest of the day. After these motions 
he may feel much better, and have a good appetite. 

Examination of the fajces shows mucus, epithelial debris, and 
many bacteria, and often yeast-like fungi, and in some cases eggs of 
various worms may be present. The quantity of faeces passed varies 
with each motion, but is in excess of the normal, this being due to 
solids rather than liquids. The excretion of nitrogen and fat is 
increased. Fat constitutes over 20 per cent., often 40 to 50 
per cent, of the stools, while in normal individuals on a mixed diet 
it averages 6 to 8 per cent. Some observers believe that this is 
not due to the fat-splitting enzymes non-acting, but to the absorp- 
tive power of the upper parts of the intestine being interfered with. 

The analysis of gastric contents may show a decrease in hydro- 
chloric acid and pepsin. The pancreatic juice may show absence 
of diastase, trypsin, and lipase. 

The most complete analysis of urine and faeces has been carried out by V. 
Harley and Goodbody. The patient, weighing 36*87 kilogrammes, was on a 
milk diet, containing 12*99 grammes of nitrogen, 76*44 grammes of fat, 82*32 
grammes of carbohydrates, and 1,960 c.c. of fluid. The urine passed measured 
1,050 c.c.; specific gravity, 1012; urea, i6*8 grammes; uric acid, 0*8 gramme; 
ammonia, 0*44 gramme; phosphates, 1*27 grammes; chlorides, 3*89 grammes. 
Total sulphates, 1*47 grammes, of which 1*35 grammes were alkaline and 0*12 
aromatic. The average daily quantity of the motions was 255 gramrnes, of 
which 79*46 were water, 1*47 nitrogen, 35*92 fat. The nitrogen given in the 
food was 12*99 grammes, and that in the faeces 1*47 grammes; therefore 88*86 
per cent, had been absorbed. The fat in the food was 76*44 grammes, and 
that in the faeces 35*92 grammes; therefore 53*01 per cent, had been absorbed. 
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The colour of the faeces was gre5dsh-green to grepsh-white, but gave a distinct 
urobilin reaction, due to the leuco-urobilin. Schmidt's test for urobilin is 
performed by adding a concentrated solution of perchloride of mercury to the 
faeces, when a bright red colour is developed if urobilin is present. If there 
is much urobilin, the colour appears within five minutes; if little, in five to 
fifteen minutes ; if very little, in half an hour. The colour deepens for twenty- 
four hours. More analyses on the above lines are required. Halberkann 
in a case he studied found a large amount of indican in the urine and a reducing 
Fehling substance, which was not glucose, undetermined. In the stools he 
found presence of urobilinogen, and they contained a large amount of fat. 

The hlood coagulates slowly, and there is always some reduction 
of the red cells, which may fall as low as 3,000,000 to 1,000,000 per 
cubic millimetre. The coiour-index is low, and the structure of the 
cells is normal. The white cells are also reduced to about 6,000 to 
2,800 per cubic millimetre. The ratio of white to red is about i to 
400 in bad cases. A differential count shows an increase in the mono- 
nuclears and eosinophiles. 

The urine requires more investigation, but as far as evidence goes 
at present it is not abnormal, showing only an increase in indigo 
blue and urobilin, and at times Cammidge’s reaction for pancreatitis. 

Schmitter has often noted loss of sexual power. 

The buccal, intestinal, and other symptoms may markedly im- 
prove, even without treatment, but only to get worse again; and 
this is repeated time after time. 

In due course the patient becomes very emaciated, weak 
physically, and depressed and irritable mentally. The skin becomes 
harsh; the mucosae anaemic; the tongue becomes smooth, glazed, 
reddish-yellow, and small, and is often furrowed by cracks; indiges- 
tion is marked; and the diarrhoea is worse. The patient continues 
to lose weight, and emaciates rapidly, the skin hanging in loose 
folds, the abdomen blown out with gas, the liver small and atrophied, 
the ankles oedematous, while the pulse becomes slow and feeble. 

After this has gone on for a long time, the emaciated, worn-out, 
irritable person dies of an acute attack of diarrln^a or cardiac 
failure. Sprue is essentially a chronic disease, with remissions, 
intermissions, and recurrences, but, unless taken seriously in hand, 
goes steadily from bad to worse. 

Some writers distinguish three stages — a first stage, with oral 
and dyspeptic symptoms; a second stage, with marked intestinal 
symptoms; and a third stage, with toxaemia, emaciation, and 
anaemia; while cases are sometimes seen which are atypical — that 
is to say, where there arc the mouth symptoms without the intes- 
tinal symptoms, and vice versa. 

Complications. — The complications met with in the course of the 
disease are: — Acute diarrhoea; dysenteric diarrhoea; haemorrhage; 
meteorism; pancreatitis; myalgia; insomnia; helminthiasis, 
especially ankylostomiasis; impacted faeces; chronic appendicitis; 
jaundice; diabetes; and pernicious anaemia. 

Diagnosis. — The diagnosis of the disease is to be based upon the 
irregular chronic diarrhoea occurring especially in the morning, and 
associated with flatulent dyspepsia, causing distension of the 
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abdomen, and the passage of fermenting, abundant, clay-coloured 
motions. With these symptoms there will be progressive emacia- 
tion and anaemia, and when to these the characteristic mouth- 
lesions occurring in a person living in the tropics are added, it 
is indeed difficult to imagine any disease with which it could be 
confounded. Van der Sclieer considers that the discovery of fat 
in tlie motions is a diagnostic sign before the disease begins; but 
this condition may also be found in pancreatitis. Low says that 
the so-called psilosis pigmentosa of Barbados is pellagra. The 
diseases from which sprue should be distinguished are stomatitis, 
hill diarrhma, chronic dysentery, and chronic pancreatitis. 

Stomatitis . — All forms of stomatitis are very common in the 
tropics, and may be accompanied by intestinal symptoms such as 
diarrhtca. The stools, however, do not show the peculiar char- 
acteristics of sprue — viz., the white colour, the frothy appearance, 
and the copious amount passed in the twenty-four hours. 

Thrush . — This is easily diagnosed by examination of the white 
patches, in which fungi of the genus Monilia will be found. It is, 
however, to be noted that in long-standing cases of sprue, as in ali 
chronic complaints, thrush may develop. 

Hill Diarrhoea . — The patient generally gives a history of residence 
at a high elevation, and the diarrhoea is as a rule }>r"esent only in 
the morning, while mouth symptoms arc absent. We have, how- 
ever, seen scweral patients in whom sprue lias developed after 
repeat t‘d attacks of what to all appearance was simply hill diarrhoea. 

( hronic Dysentery . — In chronic dysentery there is an absence of 
the mouth symptoms, while th.e motions are not whitish in colour, 
and may contain blood and mucus during the exacerbations. The 
diarrhnc'a of dysentery is generally accompanied by griping, while 
that of sprue is not. In chronic dysentery pain is often felt on 
pressure over tlie sigmoid and descending colons. In some cases 
microsco])ical and bacteriological examination of the stools for 
entamiiebcT and the Shiga-Kruse bacillus may be necessary to clear 
the diagnosis. 

though j)ersonally we consider sprue and chronic dysentery to 
be different diseases, still we have seen several cases of sprue develop- 
ing in old-standing cases of chronic dysenterv. 

( hronic ---Absence of the mouth symptoms of sprue 

and presence of tenderness in the region of the epigastrium and 
the passage of large ([uantities of fat in the motions, together with 
C-umrnidge s crystals in the urine, will enable the diagnosis of 
chronic pancreatitis to be made. 

Prognosis.— The prognosis in any case of sprue is serious, because, 
unless the patient will honestly co-operate with the doctor, he will 
p) liom bad to worse. V e arc of the opinion that, no matter 
how mild the case may ])e, the patient should be warned of the 
danger. 

treatment is properly carried out, the prognosis improves con- 
siderably, but even then relapses are apt to occur. 
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Treatment. — The treatment is symptomatic. 

An attempt must be made to soothe the alimentary canal, and 
to give it as little work to do as possible, so that it may repair itself. 
This line of treatment will necessitate rest in bed and a careful diet, 
after the bowels have been swept as clear as possible of decom- 
posing material. 

While this is proceeding, care must be taken to avoid chills, as 
they aggravate the disease. Lastly, an attempt should be made 
to treat those symptoms which worry and annoy the patient. 

The treatment, therefore, may be classified into: — 

1. The co-operation of the patient. 

2. Rest ill bed. 

3. Suitable clothing. 

4. Removal of fermenting bowel contents. 

5. Diet. 

6. Medical treatment. 

7. Change of climate. 

1. The Co-operation of the Patient. — The nature of the com- 
plaint and the dangers which the patient runs must be carefully 
explained to him, and the line of treatment sketched out. Further, 
he must be told that its success or failure largely lies in his own 
hands. If he has not the strength of will to persevere, even when 
at first success seems far from certain, he might as well not begin. 

If he agrees to co-operate, then he must be carefully weighed, and 
a chart kept of his weights. 

2. Rest in Bed. — The' second point is that the patient must 
remain in bed for a little time, and use the bed-pan and the urine- 
bottle, in order to give the bowels as much rest as possible, and 
warm water must be used in sponging. 

3. Suitable Clothing. — The underclothes and pyjamas should 
be of wool or flannel, in order to avoid chills. 

4. Removal of Fermenting Bowel Contents. — The treatment 
should begin with a dose of castor oil, to remove the fermenting 
contents of the bowel. 

5. Diet.— The various diets advised maybe arranged as follows: — 

(a) 'fhe milk diet. 

(b) The milk and fruit diet. 

(c) The fruit diet. 

(d) The meat diet. 

(e) The meat and milk diet. 

(rt) Milk Diet.—T\\Q. real basis of the treatment of sprue at 
present is the milk diet. 

In the tropics, this milk should be obtained from a cow kept for the purpose 
or from some really reliable dairy, as the danger of contamination is great. 
Even when the cow belongs to the patient, great care has to be taken that the 
milk is not adulterated by the household servants. We can never forget 
that once the milk of a peculiarly careful household, collected, apparently, 
under strict precautions, was found on analysis to be grossly adulterated. 
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The lesson we have drawn from the above is to get a sample analyzed from 
time to time. This analysis costs but little, and the possibility of its being 
carried out at any time puts a certain amount of restraint upon would-be 
adulterators. 

There is a considerable difference between the average composition of the 
milk supplied by Bos taurus, the straight-backed cow, and B. indicus, the 
hump-backed cow, which, in general terms, may be summarized by saying 
that the milk of the latter is much richer than that of the former. We have 
investigated this point, and are of the opinion that if 3 per cent, of fat is con- 
sidered to be an average for B. taurus, then 5 per cent, should be reckoned 
f or B. indicus. 

In placing a patient upon a milk diet, the composition of the milk 
should be carefully considered, especially as regards the fat, for, 
as Harley and Goodbody have shown, no less than 47 per cent, 
of the milk-fat is passed out in the f;^ces. 

Milk with high percentages of fat should, therefore, be diluted 
with whey, when the amount of nitrogen will be kept up, while 
the percentage of fat is diminished. Whey is easily made in the 
tropics by means of the juice of limes. 

Preferably the milk should not be boiled or sterilized, but boiling, 
apparently, does not interfere with its beneficial properties, and, 
therefore, if desired or thought necessary — i.e., owing to the risk 
of typhoid — there is no harm in so doing. In cold weather it 
should be warmed before being taken. It can be aerated in a 
seltzogene if desired, and can be mixed with Vichy water. Finally, 
it must be remembered that milk is not a perfect food for an adult, 
however suitable it may be for a child. 

It is as well to begin with a small quantity, and gradually to 
increase the amount. Every medical man sooner or later adopts 
his own method of carrying this out, and we will, therefore, only 
give general directions. If the case is very severe, with vomiting 
and much diarrhoea, it is as well to begin with whey only, which the 
patient should sip slowly, and practically ad libitum — i.e.y about 
7 to 8 pints per diem. As soon as the urgent symptoms are relieved, 
milk must be added to the diet, as whey alone is starvation. 

If the case is of moderate severity, milk can be begun at once, 
3 pints per diem being given in the more severe, and 4 pints in the 
less severe cases — i.e., 60 to 80 ounces — which should be divided 
into not less than ten meals at regular intervals during the day. 
The milk must be slowly sipped or taken through a glass tube, which, 
of course, should be carefully boiled after each meal. On no 
account must the patient be allowed to drink the milk in gulps. 
It is, perhaps, as well to define a limit of time — say about twenty 
minutes — as the minimum time for a meal. 

If the S3^mptoms improve, it is necessary to increase the milk 
gradually every few days until 6 to 7 pints — i.e.y 120 to 140 ounces—' 
are given; but in doing this, it is better to increase the number of 
meals rather than the quantity at a given meal. Twelve meals in 
the twenty-four hours are not difficult to arrange. 

If the symptoms do not improve, the milk must be reduced gradu- 
ally, or whey must be tried; but as soon as the urgent symptoms of 
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diarrhoea and vomiting abate, the milk must be gradually increased, 
and, indeed, the starvation must not be long continued in any 
case. Starvation diets are dangerous in severe cases, when the 
patients are emaciated and weak; and hence, while they are being 
employed, great care is required in nursing. 

If the milk is succeeding, the diarrhoea ceases, the mouth troubles 
diminish, and the patient feels better. The faeces will at first be 
pale and grey, but, as improvement continues, stercobilin will 
appear, as evinced by the brown colour. This change in the colour 
of the faeces is a most important sign. 

But even if milk is agreeing with the patient, there will be much 
trouble, as there is often strong objection to milk only. Another 
difficulty is constipation, and this must be relieved by enemata. 
Sometimes the milk does not agree, causing vomiting and pain. 
Usually this can be relieved by alkalinizing the milk with bi- 
carbonate, I grain to the ounce, or the citrate of soda, 2 grains to 
the ounce of milk (convenient tabloids of this salt are prepared by 
Burroughs Wellcome and Co.), or by adding Apc^llinaris or Ems 
water in the proportion of equal parts, or lime-water, i to 6 of 
milk. As soon as a definite improvement appears, and the weight 
begins to increase, the patient should be allowed to sit up, but great 
care must be taken to avoid chills. Milk diet should be persisted in 
for a month or six weeks, but maybe modified by the addition of fruit 
— 6 ,g., strawberries, bananas, or apples — as will be described later. 

Then eggs may be beaten up in the milk; chicken-broth can be 
tried; then Benger’s food, or some other simple food — Allen and 
Hanbury’s, Mellin\s, Albany food, Carnrick's soluble food, Sana- 
togen, or Plasmon. Then fish, chicken, or sweetbreads, with a 
biscuit, and, later, potatoes; and finally, the patient is put on to 
a diet of eggs, toast, dilute China tea, soups, white meats, custard- 
puddings, milk. But he must avoid dark meats, most vegetables, 
spiced foods, iced drinks, and all indigestible substances. Alcoholic 
drinks in every form are bad, both during the illness and afterwards. 
Nor is smoking to be encouraged; we, personally, are much against it. 

But, unfortunately, a case of sprue is not so easy to treat as indi- 
cated above, for, while the food is being gradually and carefully 
increased, relapses are not infrequent, and a return to milk may be 
necessitated. The patient gets weary, and at times exceedingly 
angry about this dieting, and, indeed, is apt surreptitiously to kick 
over the traces, with disastrous results. The prohibition of alcohol 
also leads to trouble, but our experience about this is quite clear: 
if alcohol is taken, the progress of the patient is seriously hindered. 

Before leaving the milk diet, two points ought to be mentioned, 
concerning one of which we have had considerable experience; 
concerning the other, none at all. First of all, there can be no 
reasonable doubt as to the advantages of liver-soup — i.e., soup 
prepared from calves’ or sheep’s livers — in the milder cases of sprue, 
or in the return to ordinary food of a severe case. The liver treat- 
ment is really an old native remedy in Ceylon. We do not profess 
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to advance views as to its action, but in a certain class of cases it 
is of benefit. Secondly, gall-pills or inspissated bile, as suggested 
by C. J. Martin, and pancreatic preparations have been advocated 
by some; but of these we have no experience. 

(b) Milk and Fniit Diet . — A milk and fruit diet has been found 
to be even better than a pure milk diet in many cases. The milk 
is administered as already described, but, in addition, fruit is given. 
Strawberries are most highly recommended, beginning with f pound 
and gradually increasing to 2\ pounds per diem. They should be 
crushed, and eaten with sugar and cream. In lieu of strawberries, 
bananas (not plantains, though people often call bananas plantains, 
the difference being that a banana shows three cells on transverse 
section and a plantain five), pears, grapes, in the same weight as 
the strawberries or apples, from \ pound to })ounds per diem. 
If these cannot be obtained, the juice of oranges, papaya, (i J pounds 
per diem), avocado pears, mangostcens, and sapodilla, may be used. 

Fresh Bad fruit is excellent, but must be carefully prepared. It 
may be boiled in w^ater and then cut open and shredded by means 
of a fork into warm milk, in which it is pounded with castor-sugar, 
and finally strained through a fine strainer to remove all debris. 
This should be used three times a day. Preserved fruit is said 
to be useful, if fresh fruit cannot be obtained. Acid fruits, such as 
pineapples and sour-sops, should be avoided, and, personally, we 
do not advise the. use of mangoes. 

(c) Fruit Diet . — This was first advocated by Van der Bur^, and usually 
consists of grapes and pears; but it appears as though almost any fruit which 
is not acid might be used. 

(d) Meat Diet. — If the milk or fruit diets fail, it is advisable to try a meat 
diet, or this may be made the basis of treatment from the beginning. Cantlie 
is the great supporter of this dietary. 

If the patient is very ill, it may be necessary to begin with raw-meat juice 
prepared by pounding sufficient good raw fle.sh in a mortar, so that, with the 
addition of 2 ounces of water and 20 minims of dilute hydrochloric acid, 

6 ounces of meat-juice is obtained on straining. The (]uantity of meat re- 
quired to obtain these 6 ounces will sometimes be quite considerable, and, as 
it veiries in different regions, must be obtained by preliminary expcu'iment. A 
little salt should be added to this juice, and 1 teeispoonful should be given 
every quarter of an hour in very bad cases, and rapidly increased in amount 
if successful. 

As soon as the very serious symptoms subside, the meat diet should be 
started. Brown gives the following directions for ])rex)aring a meat diet: 
Take 2 pounds of good raw meat, free from fibrous madter, fat, and gristle, 
and 2 ounces of fresh suet, and mince and pound them uji thoroughly. 
Sprinkle the pounded mass with a little salt, and divide into six j)ortions . One 
portion, cooked in a small, well-buttered saucepan until the red colour has 
just disappeared, is given six times a day, as convenient. This }:)ortion. when 
cooked, is estimated as weighing 4 ounces. In addition, -J pint of plain warm 
water, rice or toast water, is sipped half an hour before a meat meal, and a 
little tea, with lemon-juice instead of milk, taken twice daily. It may, x:»erhaps, 
be as well to remind the reader that rice-water is an infusion of roasted rice. 

In about a week this meat diet should be changed to a modified meat diet, 
which is first produced by the addition of fruit, followed in a little time by 
chicken, then and gradually by eggs, biscuits, and fish, until the dietary 
already mentioned under Milk is reached. 

With a modified meat diet some people combine curdled milk. This is 
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based upon Metchnikoff’s researches, which showed that if the Bacillus acidi 
laciici is taken with milk, it generates large quantities of lactic acid in the 
intestines, particularly in the large bowel, and that this acid interferes with 
intestinal toxins. Various preparations of the germ have been placed on 
the market, including ‘ Sauerin ' made by Messrs. Allen and Hanbury, and 
said to be a pure culture of the germ. Brown gives the following directions 
for its use: 2 pints of milk are heated to i6o° F., to kill off any bacteria which 
might happen to be present, and then are allowed to cool in a jug which has 
been boiled. When 100° F. is reached, 6 tablets of Sauerin are added, and 
2 tablcspoonfuls of sugar, when the milk is curdled in about three hours. 
This curdled milk is taken four times a day, between the meals of a modified 
meat diet, and is said to be efficacious. 

It may be mentioned that curdled buffalo-milk is commonly used by the 
natives of Ceylon as a part of their food, and curdled milk xs also used in 
India, and, indeed, in many other places by natives. 

Under the heading of Meat Diets must be placed Cantlie’s treatment, which 
consists of putting the patient to bed, applying a hot wet pack from the nipples 
to the groin for two hours, morning and evening, and giving tlirce meals of 
5 ounces of meat per diem, and, in addition, either beef-tea, beef-jelly, 
calves’-foot jelly, or a plain jelly every two hours. Castor oil is administered 
in ij-drachm doses every morning for the first three days, and santonin in 
3-grain doses morning and evening lor three days. Strawberries, to the 
quantity of 3 to 4 pounds per diem, are also allowed between meals. When 
the stools become solid and show brown colouring matter, a poached egg and 
pounded chicken are added, and, later, minced chicken, and, still later, the 
undercut of meat, with stewed celery, seakale, vegetable-marrow, pulled bread, 
and thin slices of bread, baked in an oven for twenty minutes. 

(e) Meat and Milk Diet . — Cantlie now advocates that when a patient is 
on a meat diet, this should be stopped every third or fourth day for twenty- 
four hours, and that milk only be given during this period. 

6. Medical Treatment. — It may be said at once that astrin- 
gents as a rule are dangerous, and that antiseptics are not useful. 

Santonin, which must be yellow, has been strongly recommended by Begg, 
who gives 5 grains night and morning in salad oil; but we have seen no benefit 
by tliis treatment. Mixtures containing bicarbonate of soda are often useful. 

People complain that yellow santonin cannot be obtained, but it can be 
easily prepared from white santonin by exposure to the sun for a few days. 
The crystals are turned from time to time until yellow throughout, as demon- 
strated by crushing. The chroniosantonin of Monte-Martini is not santonin, 
which, according to Lestini, is changed into formic acid and photosantonin 
acid and a red resinous substance. Peter Sys’s remedy, which is much used 
in China, is simply powdered cuttle-fish bone. 

Cantlie has had good results by the administration of 20 grains of ipeca- 
cuanha daily for two or three days in advanced cases, and emetin has been 
administered by several authors. Schmidt has used oxygen introduced per 
rectum, J to i litre weekly. 

Castellani has obtained in some cases a remarkable improvement by giving 
massive doses of bicarbonate of soda. 

The mouth may be treated with any appropriate mouth-wash — 
glyco-thymoline, glycerine and borax, diluted liquor aluminis, 
etc. The teeth require attention, and, if there is any pyorrhoea, 
this should at once be treated by syringing or spraying between 
the teeth with peroxide of hydrogen solution. Pain may be re- 
lieved by painting the raw surfaces with i to 5 per cent, solution of 
cocaine, novocain, alypin, or stovain. The pain along the oesopha- 
gus requires morphia. Janowski recommends 5 to 10 drops of a solu- 
tion of I in 1,000 adrenalin, which, he says, gives prompt and 
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permanent relief for oesophagitis. The muscular pains may be 
relieved by massage, or by pilocarpine nitrate, given in to i grain 
doses three times a day. Intestinal pain may be relieved by hot 
packs, as recommended by Cantlie. Acute diarrhoea must be 
checked by a dose of liquor opii sedativus or lead and opium pills. 
Dysenteric symptoms must be treated as described under Dysentery. 

7. Change of Climate. — It is obvious that, if possible, the patient 
should be transferred from the tropics to the temperate zone, 
but only if he is strong enough to travel. There is no advantage 
in putting him on board a ship in such a condition that he will 
probably die when changing from the warm to cooler weather. 
Personally, we are not in favour of a patient being sent from the 
low country to the hills. If he is able to travel, let him go to the 
temperate zone. 

Vaccine Treatment. — Vaccines have been prepared with various 
bacteria from the mouth, and Rogers and Nicholls report very 
encouraging results by the use of streptococcal vaccines prepared 
with streptococci isolated from the mouth lesions. Monilia vaccines 
have been used by Ashford, Michel, Taylor, and others, who claim 
satisfactory results. 

Prophylaxis. — Nothing ot any practical value can be said under 
this heading. 

PSEUDO-SPRUE. 

One of us has called attention to some cases presenting clinical symptoms 
closely allied to sprue and due to bacilli of the Flexner group- Such cases 
have no dysenteric symptoms, but present the white frothy motions, the sore 
tongue, and the anfeinia as found in typical sprue, but in contrast to this 
disease they may recover without any change from the tropics, and a vaccine 
treatment is very uselul. 


Motility. 

Litmus 

Milk. 

Lactose. 

Saccharose. 

Didcite. 

Mannite. 

Glucose. 

Maltose, 

Dextrin. 

Raffinose. 

Arabinose. 

'Adonite. 

I mil in. 

Sorbite. 

Galactose. 
j Ltvulose. 

0 A 

0 0 0 A 

AAA 

1 

1 

A A 

0 0 0 A A 


Inosite. 

Salicin. 

Amygdalin. 

Isodulcite. 

Erythrite. 

Glycerine. 

Indol. 

Voges- 
Prosk . 

Redn. 

Nitrates. 

Neutral 
Red. 1 

Gram. 

Gelatine. 

Serum. 

Broth. 

Pept. 

Water, 

i 

0 ' 0 0 

A 1 0 jAs*| 

! ‘ i 

J 

1 0 

\ \ 

i 

0 

0 

0 

0 

i 1 

0 

1 

G.T. 

G.T. 


Abbreviations. — A, acid; G.T., general turbidity; s, slight; o, negative 
result — viz., neither acid nor gas in sugar media, non-motile, non- liquefaction 
of gelatine or serum, as the case may be. 

* Certain strains are distinctly acid on ninth day. 
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The Flexner-like bacillus found in these cases is identical with the typical 
Flexner, but for the fact that litmus milk was rendered permanently acid 
instead of the medium becoming first acid and then alkaline. Minor difEer- 
ences with regard to some sugar broths may occasionally also be noted. 

HILL DIARRHCEA. 

Definition. — Hill diarrhoea is a gastro-intestinal catarrh of un- 
known cause, occurring mostly at high altitudes in tropical regions, 
and characterized by the passage of several liquid, frothy, light- 
coloured motions in the early morning. 

History. — Hill diarrhoea was first described by Grant in 1854, in 
the same paper -^s that in which he dealt with sprue and dysentery, 
and later as a disease quite distinct from sprue by Crombie in 1892. 
The latter writer held that it was liable to occur^at an elevation of 

6.000 or more feet in India, Europe, and elsewhere. In India he 
believed the monsoon to be a potent factor, associated, probably, 
with a diminished barometric pressure. We have seen cases in 
Ceylon occurring at a much less elevation — for example, at about 

3.000 to 4,000 feet. 

More recently Duncan has put forward the view that mica in 
the water is the causative agent. This mica is found in the laterite 
— i,e.y weathered gneiss — which is a common geological formation 
in the tropics. Singer considers that he has met this disease in 
four out of six Europeans on an expedition to Abyssinia, when they 
reached a height of about 5,000 feet. 

iEtiology. — The causation of the disease is quite unknown. The 
theories are: — Diminished atmospheric pressure, the irritation of 
mica, hecal contamination of the water, and exposure to cold. 

Pathology. — Very little can be said under this heading, except 
to invite attention to what has already been written under the 
heading of Sprue with regard to the formation of leuco-urobilin, 
and to point out that it is obviously to the formation of this body, 
and not to anything wrong with the liver, that the colour of the 
motion is due. The morbid anatomy would appear to be totally 
different from that of sprue, and to be a congestion of the mucosi 
of the stomach and bowels, with a proliferation of the mucosal 
lymph and fibrous tissue in chronic cases. On the surface of the 
mucous membrane of the small and large bowels there is a thick 
layer of mucus, but no ulceration. 

Symptomatology. — The disease generally begins soon after the 
patient has arrived in the hills from the plains. 

The onset is sudden, beginning with abdominal pain in the early 
hours of the morning, with the passage of large, frothy, greyish 
or whitish motions, which produce a sense of relief. The patient 
goes about his work, but in the early hours of the next morning 
the symptoms are repeated, and he will complain that his stomach 
feels "blown out, and that he can hear gurgles, and this goes on 
morning after morning. 

If now the patient leaves the hills and comes down to the plains 
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to consult a doctor, he is astonished to find that he is quite well, 
and perhaps goes back to the hills without having obtained tht 
medical advice which he desired. A relapse takes place, for which 
he does not as a rule seek advice, as lie considers it a trivial com- 
plaint, until later he begins to feel dyspeptic, disinclined for his 
food or work, and now he will seek treatment, notwithstanding the 
fact that he feels better on returning to the plains. The disease 
may become chronic, and rarely may lead to a fatal result. 

Sequela. — It is said that neglected hill diarrlujea may develop 
into sprue. 

Diagnosis. — The history of the case and the absence of mouth 
symptoms are sufficient to enable the diagnosis as a rule to be 
made from sprue. 

Prognosis. — The prognosis is good, as recovery is generally quick 
under suitable treatment, but in certain cases it is found necessary 
to abandon residence at high elevations. 

Treatment. — The treatment is simple and effective. It consists 
in rest in bed, warm clothing, and J to i drachm of liquor hydrargyri 
perchloridi, given fifteen minuces before each meal, and 12 to 15 
grains of pepsin, ingluvin, or lactopeptin two hours after the meal. 
The diet is to be milk, which may be diluted as advised in the treat- 
ment of sprue. 

Prophylaxis. — Persons liable to the disease should avoid the hills, 
especially in the monsoon season, and if comj^elled to go to high 
altitudes should do so by easy stages. 

LOW-COUNTRY MORNING DIARRHCEA. 

This affection, described by Castellani, is common in Ceylon, and 
somewhat resembles hill diarrffiea, but is found in the plains. 

Symptomatology. — The patient wakes up about 3 to 4 a.m. with 
an urgent call to evacuate the bowels, but there is no abdominal 
pain or straining. After an interval of one to two hours the bow^els 
are again evacuated, and perhaps again two or three more times in 
the course of the morning. The motions are liquid, generally 
yellowish or brownish, and do not contain blood or mucus. The 
condition lasts as a rule for months, but usually ceases on a change 
of climate. 

Treatment. — A dose of tannalbin (gr. xv.-xxx.) or bismuth sub- 
nitrate (gr. xv.-xxx.) may be given at bedtime as a palliative. 

FLAGELLATE DIARRHOEA. 

Definition. — lUagellate diarrhoea is an acute or chronic diarrhoea due to 
infections of the intestine with Oicotnonas hominis (Davaine, 1854), ChilO'- 
masHx mesnili (Wenyon, igio) , Giardia intesHnalis (Lambl, 1859). and Enterc- 
monas hominis da Fonseca, 1915, and other flagellates. 

History. — From the days of Davaine, observers have from time to time drawn 
attention to cases of diarrheea or enteritis thought to be caused by these 
parasites — e.g., Roos, Epstein, Castellani, Nattan-Larrier, Brumpt, daFonseca^ 
Chalmers and Pekkola, Escomel, Paranhos, etc. 



PLAG^LLAtn BlARkUCPA 


1797 


On the other hand, of late years a number of observers — e.g., Wenyon and 
O’Connor — do not believe in the pathogenic action of these germs. It is 
quite true that flagellates may be aerial contaminations of faeces, and that 
others may perhaps be non-pathogenic. Still, in our opinion, when these 
parasites arc very numerous there can be no doubt that they can and do 
cause irritation of the bowel and diarrhoea. It is equally true that they can 
live in considerable numbers in man’s intestine without causing diarrhoea, 
but such a person, in our belief, is a carrier. 



Fig. 759. — Cercomonas longicauda Davaine. 

(After Wenyon and O’Connor, from the publications of the Wellcome Bureau 
of Scientific Research.) 

Climatology. — ^I'he flagellates and their associated diarrhoeas are to be found 
in temperate and tropical climes. They are common in Ceylon, the Anglo- 
Egyptian Sudan, the Balkans, and Brazil, but have been reported from many 
parts of Africa, Asia, and America. 

etiology. — It is difficult to prove that the flagellate is the cause of the 
diarrhoea, but if one of these organisms is present in very large numbers in 
a case, if bacteriological research fails to demonstrate any pathogenic bacteria, 
and no other cause can be found, it may be provisionally admitted that they 
are causal. If the causal organism 
is killed off and the diarrhoea ceases 
pari passic with this process, and 
docs not return, and the flagellate 
is either absent or only present in 
smell numbers, the first assumption 
receives support, but beyond this we 
cannot at present go. 

The difficulty is that the numbers 
of the parasites wax and wane in 
tile carrier without producing sym- 
ptoms, but when present in large 
numbers they are generally a.ssoci- 
ated with diarrha'a. Infection may 
be by t.e cysts passing into the 
alimentary canal of flies, and so to 
human food, but perhaps it may take 
place more directly at times. We 
have never seen them cause true 
dy.sentcric symptoms. 

From certain experiments carried 
n it by Miss Porter, it would seem 
that cockroaches may play a role as 
transmitters of flagellate diarrhoeas 
of man. This observer succeeded 
in transmitting Giardia, Tricho- 
monas and Chilomastix of human 
origin to clean white rats by allow- 
ing their food to be contaminated with the excrement of cockroaches {Peri 
pianeta americatia and P. orientalis) which had fed on infected stools. 
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Fig. 759A. — Cyst of Giardia intes- 
iinalis in Fresh Condition in 
Human F^^ices. 

(Photomicrograph, x 70 diameters.) 
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Symptomatology. — When in small numbers there may be no symptoms, or 
the only symptoms are those of diarrhoea, with liquid brown motions, con- 
taining yellow flakes, which are composed of epithelial cells and leucocytes, 
around which the parasites are formed in large numbers. 

Treatment. — This is not very satisfactory. It is easy in most cases to stop 
the diarrhoea by giving a small dose of castor oil followed after some hours by 
the administration of astringents such as tannalbin and salol in large doses, 
but it is most difficult to obtain a complete disappearance of the parasites. 
Methylene blue acts fairly well on flagellates of the genera Cercomonas, Oico- 
monas, Trichomonas and Chilomastix, but has practically no action on 
Giardia (Lamblia). It is given in i or 2 grain doses twice daily in cachets 
or gelatine capsules, and in addition enemata of 3 pints of i in 3,000 solution 
of methylene blue may be given twice daily. The patient should be told that 
the urine will become blue, otherwise he will be much alarmed. 

Another method of treatment is to administer calomel at night, a saline 
purgative in the morning, and during the day powders or cachets of salol 
combined with bicarbonate of soda. This is done for several days, while 
the patients are kept on a restricted diet and the motions carefully examined 
daily for the flagellate. Iodine solution (i : 1,000) by rectal injection has been 
recommended by Escomel, but is painful. 

Thymol, turpentine, etc., have also been recommended, but these various 
methods of treatment do not induce a complete disappearance of Lamblia 
infections. 

Prophylaxis. — This consists in preventing flies and cockroaches from access 
to food by keeping kitchens and outhouses, and all the immediate surroundings 

of a house, in a good sanitary condition. 
Kitchens may be wire-netted and fly-traps 
may be provided both inside the kitchen 
and outside. Balfour says that ‘ chicken 
entrails ’ are the best baits for large fly- 
traps situate in the open air. The flies 
may be killed after being caught by means 
of a daisy killer or any other smoke 
apparatus. 

All fly-breeding places should be de- 
stroyed by the removal of the dirt and 
the digging up and disinfection of the 
ground. 

FAMINE DIARRH(E/I. 

Historical and Geographical. — This con- 
dition has been observed in India during 
periods of famine, and recently by us in 
the Balkans, in Serbian and Montenegrin 
troops after the retreat through Albania. 

.etiology. — Bad, insufficient food and 
extreme fatigue play a very important 
role in the causation. No specific germ 
has been found . 

Symptomatology. — The patient is ex- 
tremely weak and terribly wasted, though 
the abdomen may at times be prominent 
and distended. He may feel famished, 
^ - but when given food can take very little of 

Fig. 760. Serbian Soldier it, and cannot digest it. He complains of 

SUFFERING FROM THE EFFECT slight abdominal pains and has diarrhoea ; 

OF Famine Diamhiea after motions may not be very numerous; 

THE Albanian Retreat. they are liquid, of faecaloid or at times 

greenish colour, with some mucus, but 
no blood. The condition lasts usually between a couple of weeks and one to 
two months, and often terminates fatally. 
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Diagnosis. — This is based on the history of starvation and extreme fatigue, 
with diarrhoea without blood, while the patient wastes horribly in a short 
time, and there are no signs of tuberculosis. It may be differentiated from 
dysentery by the stools not containing blood, and by the absence of dysenteric 
germs; from cholera by the longer course and absence of cholera and para- 
cholera germs. 

Prognosis. — This is serious, many cases terminating fatally. 

Treatment. — This is very unsatisfactory. Astringents such as bismuth 
subnitrate, etc., even when given in massive doses, may not stop the 
diarrhoea; at times they may check it, but the patient continues to become 
weaker and weaker, and often dies. 


CCELIAC DISEASE. 

Gee described in England, in 1888, an infantile affection characterized by its 
long course, anaemia, great wasting, and pale greyish abundant stools. Cases 
are not very rare in Great Britain, and have been reported, also from other 
countries. The aetiology is unknown, though various germs have been found. 
In three cases Nabarro has carried out a very complete investigation, and 
has isolated from the faeces a dysenteric bacillus of "he Flexner type. This 
result would suggest that the condition might perhaps be ahiologically related 
to the so-called pseudo-sprue of the tropics, described one of us. 

In coeliac disease the tongue apparently does not become affected, and this 
and also the fact that it is found in children rather than in adults differentiates 
the malady from tropical sprue. 

The treatment consists in very careful dieting. Fresh cow milk should be 
prohibited, and dried milk given instead, using one of the preparations on the 
market which contain only a very low proportion of fat. Condensed milk 
may also be used, but is generally less successful than dried milk. A fruit 
diet, in contrast to what one secs in true sprue, is badly tolerated, and should 
never be ordered. As regards drugs. Still's mixture is often found useful: 


01. ricini . . 

Salol 

Spir. chlorof. 

Muc. acaciae 
Aq. anethi 

Ter die. 


n\v. 
gr. i j. 
nii. 
n\xv. 
ad 3i. 


Occasionally silver nitrate is valuable when the diarrhoea is very marked, 
and Still recommends it to be given thus: — 

Arg. nitratis . . . . . . . . . . gr. 

Glycerini , . . . . . . . . . Tl\v. 

Aq. dest. . . . . . . . . . . ad 3 i* 


Bismuth preparations are practically useless, but tannalbin has at times a 
favourable action. 
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THE CHOLERAS 


Synonyms — Definition — History, Geography, and Epidemiology — 
^tiology — Pathology — Symptomatology- — Diagnosis — Prognosis — 
1 rcatment — I'rophylaxis — Parachol:ra — Pseudocholera — Relcrenccs. 

CHOLERA. 

Synonyms. — Cliolera Asiatica. Hindustani: Haiza. Trt*'tt7 : Enerum Vandec. 

; Ho-louan. Arabic : T^nhd., 

Definition. — Cholera is an acute specific endemic or epidemic 
disease caused by Vibrio cholcrce Koch, 1883, and characterized by 
violent purging, vomiting, muscular cramps, suppression of urine, 
and collapse. 

Remarks. — There is little doubt that in the past the term ' cholera ’ 
— in analogy to other diseases — has been used to cover a group of 
clinically similar affections caused by closely allied germs. See 
remarks on paracholera. p. 1819. 

History, Geography, and Epidemiology.- Cholera appears to have 
been known in India from the most ancient times, for Charaka 
and Susruta describe symptoms which most probably refer to this 
disease. The name is of Greek origin, being perhaps derived from 
XoXepa, a spout, wliicli may have been applied with the idea that 
the violent purging resembled the water rushing out of a spout. 
Apart from the two authors mentioned above, the earliest record of 
the disease is found in 1438, when Ahmed Shah’s army is said to 
have been decimated by it. After this date there are several refer- 
ences, for it is mentioned by Vasco da Gama in 1490; an account 
is given of an outbreak in Goa in 1543, another in Pondicherry in 
1768, and another in Calcutta in 1781-82, the last of which appears 
to have spread to Madras, Ceylon, and Burma in 1782-83. Out- 
breaks occurred in Travancore in 1792, and in the Ma'hratta country 
in 1794. But these are only a few of the recorded outbreaks, for, 
according to Macnameira, no less than sixty-six separate observers 
mention the disease between the years 1438 and 1817. 

With regard to Europe, cholera was recorded at Nismes in 1564, but it and 
the sporadic outbursts in the seventeenth century may not have been true 
cholera. It also appears to have been endemic in Java as far back as 1629, 
and occurs yearly in Southern China and the Philippine Islands. 

In 1817 began an epidemic which may have originated in Cal- 
cutta or in Jessore, and which lasted till 1823. During this time 
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it spread to the west coast of India, Arabia, Ceylon, Burma, Malacca, 
Penang, Singapore, and Manilla, reaching Mauritius in 1819 and 
China in 1820. This is certainly the first extensive epidemic ever 
recorded outside India. In 1826 the first pandemic, which lasted 
till 1837, and spread into Europe, Africa, and America, began in 
India, through which it spread slowly, and then passed to Europe 
and Africa by three routes,the first and earliest via Kabul, Bokhara, 
and Khiva to the Russian province of Orenburg, which was reached 
in 1829. The second route was through Persia, Tabriz, and Tiflis, 
to Astrakhan in 1830. In this year the two routes met at Nijni- 
Novgorod, where there is an annual peasant gathering. These 
peasants, on returning home, infected Moscow, and as there were 
military operations proceeding in Poland, the disease rapidly spread 
through Western Russia into Poland, and on to Germany, Austria, 
Sweden, and England. In 1831 France became infected, and from 



Fig. 761. — Distribution of Cholera in 1915. 


1832-33 the whole of Europe was ravaged, and the disease spread 
to the United States, Mexico, Cuba, and Guiana, and even to 
Australia. In the meanwhile the epidemic had spread by the third 
route from Bombay to Arabia in 1826, and then to Syria, Turkey, 
Egypt, and finally to North Africa in 1834, after which it died down. 

In 1840 troops were collected together in India for service in 
China, and as they travelled eastwards they carried the cholera, 
which was present in Bengal and Madras, to Malacca and China, 
in which country it was very prevalent in 1841, and through which 
it spread, reaching Northern Burma in 1842. It now proceeded 
north of the Himalayas, reaching Yarkand, from whence it passed 
to Bokhara and Afghanistan, and spread into the Punjaub and the 
North-West Provinces in 1844, into Persia in 1845, when it 
again travelled via Tabriz and Derbend to Orenburg in 1847, 
so to Europe and America in 1848. In this year it was very pre- 
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valent in India, spreading again from Bombay to Arabia in 1851, 
and to Turkey in 1853; while it also again travelled via Persia to 
Russia in 1852, and so over Europe. This epidemic lasted till 1857, 
and affected the troops engaged in the Crimean War. 

The fourth extensive epidemic began in 1863, spread to 
Europe by the two usual routes — viz., via Persia and Arabia — and 
lasted till 1875, extending as usual to America. 

The fifth epidemic began in 1879, when the disease passed from 
Mecca to Egypt, and so to Europe. It was during this epidemic 
that Koch discovered the Vibrio cholercB in Egypt in 1883. 

The sixth epidemic (1891-96) appears to owe its origin in India 
to the great bathing festival at Karagola, on the Ganges, which, 
being only held once in thirty years, came as a surprise to the 
officials, who were not prepared for it. Cholera broke out among 
the pilgrims on February 8, 1891, and spread rapidly, reaching 
Europe in 1892. 

The seventh epidemic began in 1900, and may be said to be con- 
tinuing at the present time. It started in 1900 in India after a 
severe famine, and spread extensively tnrough that country, and 
then began to travel, reaching Japan in 1901; Arabia, Mecca and 
Jeddah, Egypt and Erythraea, Syria, Persia, and the Philippines 
in 1902; Palestine, Asia Minor, and Mesopotamia in 1903; Persia, 
Russia, and Turkey in Asia in 1904; Russia, Germany, and the 
Philippine Islands in 1905; Russia (few cases), Burma, Siam, 
Singapore, Japan, China, and the Philippine Islands in 1906 ; Ceylon, 
Peshawar, Singapore, Philippines, Japan, Korea, Manchuria, China, 
Russia, Turkey, and Persia in 1907; China, Russia, Mecca, and 
Medina in 1908; and Russia in the beginning of 1909. In 1910 it 
was present in Russia and Italy. In 1911 it was recognized in 
Turkey, Roumania, Hungary, Austria, Italy, and Russia, and in 
igi2 in Turkey, Italy, and Russia. 

In 1914 the Dutch East Indies were attacked, and during the 
war the Austrian Army and civil population were attacked, 
especially in Galicia, as well as Bulgaria and Greece, while Turkey 
has also suffered. In 1915 Brcka, in Northern Bosnia, was infected. 

Some places have always so far escaped the visitation of cholera. 
These are either situated in the colder regions, of which the climatic 
conditions are unsuitable for the propagation of the disease, or are 
islands to which the disease is less likely to be brought, or where 
precautions are taken. As examples of these islands may be men- 
tioned the Andaman and Pacific Islands, Reunion, the Azores, etc. 
Tropical and Southern Africa have not yet been infected. 

The climatic influences which appear to favour the development 
of the disease are low-lying areas, and soils easily permeable to 
water, especially if they are polluted with decomposing matter. 
It would, however, appear that the most inimical climatic condi- 
tions can be overcome if there is lack of cleanliness, especially with 
regard to drinking-water and food, together with bad sanitation, 
and the disease may spread where every climatic influence is 
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opposed to it. With regard to the use of permanganate of potash in 
cholera, it was recommended in 1866 by Everest, who treated seven- 
teen cases with Condy’s fluid, with only one death. Dr. Mackie in 
the same year treated six cases similarly without a death. In 1884 
J. W. Fry stated that the only thing he found of remedial use was 
an enema of diluted Condy’s fluid. In 1910 Rogers reported 
favourably of the use of the permanganates given liberally in 
cholera. In 1913 Castellani definitely separated the condition 
which he called paracholera, from cholera. 

etiology — The Vibrio . — The cause of the disease is undoubtedly 
Koch’s vibrio (p. 962) ; still, this alone may not produce illness, 
for, as Dunbar showed in 1892 in Hamburg, people who had never 
suffered from the disease, and who were in good health, might still be 
passing quantities of the virulent micro-organisms in their faeces. It 
is evident, therefore, that these persons lacked some predisposing 
condition, and, further, that they must have been a fruitful source 
of infection. What this condition may be we do not definitely 
know, but it would appear that such factors as mental worry, 
underfeeding, and any slight disorder, but specially any derange- 
ment of the alimentary canal producing diarrhoea, are predisposing 
causes. With regard to these causes, it may be mentioned that 
unripe fruit, and especially melons, are regarded with suspicion 
in times of epidemics, probably because they cause diarrhoea, and 
thus predispose to the disease. 

It may be that the vibrio merely lives in the lumen of the bowel 
in the cases in which it causes no symptoms, and only gains access 
to the epithelial cells and mucosa in cases of lowered vitality, and 
perhaps is only toxic in this situation ; but if this is so it still remains 
to be proved. 

This lowered vitality would explain the apparc'utly extraordinary 
cases which at times appear in gaols when the town is apparently 
free. The reason may be that short-sentence prisoners are generally 
on a very low diet, while long-sentence prisoners often have such 
hard manual labour to perform that they are exhausted at night. 
Therefore, if a carrier is introduced into a gaol, the disease may 
easily start apparently de noi^o among incarcerated inmates. 

The disease is communicable directly from man to man by con- 
tamination. As an example from our own experience, a medical 
man examines a patient suffering from cholera, and then proceeds to 
have his lunch, with the result that both patient and doctor were 
dead within twenty-four hours of cholera. Again, there is the 
chance of infection from dead bodies in performing autopsies, but 
graveyards are not important means of dissemination of the disease, 
because the germ rapidly disappears from the dead body. Fomites 
may also spread the contamination, but these arc not the usual 
method of infection, which is generally by water. The vibrios 
pass out with the faeces, in which they are capable of living a long 
time (163 days) ; hence the great danger of faecally contaminated 
fields, rubbish-heaps, gardens, etc. ; for if there is a poor sanitary 



MTIOLOGY 


1805 

system in the place, and if faecal pollution of the drinking-water is 
possible, the disease may easily become epidemic, for it has been 
shown that the vibrios can not merely live, but multiply, in water, 
though the conditions under which they do this are not perfectly 
understood. 

Two classical instances are usually quoted as evidence of the 
spread of the disease by water. The first of these is the infection 
in 1854 of a lady and her servant in Hampstead, where there was 
no cholera, by drinking the water of the Broad Street well, which 
was infected, the water being carried all the way from Broad Street 
to Hampstead because the lady in question had a special liking 
for it. The second is the infection of Hamburg in 1892 from the 
waters of the Elbe, in which cholera vibrios were found in the river- 
water and that of the hydrants. 

As water is a method of infection, it is quite easy to understand 
that milk is specially dangerous, for it is often diluted with water, 
and, moreover, forms an excellent medium in which the germs can 
grow. Thus Haffkine and Simpson found that an outbreak of 
cholera in the Gaya Gaol was due to the contamination of the milk, 
from which they obtained the vibrio. 

The Carrier .- — Of great importance in the dissemination of the 
malady are the so-called vibrio-carriers — viz., persons who, though 
themselves in good health, still harbour the germ in their intestines, 
or individuals who continue to harbour the germ for months and 
years after an attack is over. 

Greig has demonstrated that carriers can show an increased titre 
for the agglutination of the vibrio. His researches also show that 
the vibrio can live for long in the gall-bladder of animals, and he 
has also demonstrated it in the human gall-bladder. 

The fact that the germs can live for a long time in faecal matter 
enables them to infect insects such as flics, and perhaps ants. With 
regard to flies, the germs have been found not merely on the ex- 
terior of the body, but also in the alimentary canal, in which they 
are believed to multiply. The habits of flies make them, therefore, 
an important possible means of dissemination of the disease. 

Barber, in 1914, brought forward experimental evidence showing 
that the germ could live for a time in the alimentary canals of 
Periplaneta americana (the cockroach) and Monomorium latinode 
Mayr (the red ant). 

Fcccal matter may also pollute green vegetables, for in the East 
vegetable-gardens are often contaminated with human faecal matter. 
The most dangerous vegetables are those which are eaten raw, such 
as lettuces, watercress, and tomatoes. While, however, the above 
methods explain many points in the epidemiology of cholera, they 
do not afford a full explanation of the spread of the disease. As we 
have already said, the principal endemic centre is Lower Bengal, 
whence it can spread through India, and, indeed, over the greater 
part of the world, by human agency and along lines of human inter- 
communication, but in so doing it may miss places on the direct 
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route of its march. The reason of this is not clear. Certainly 
climatic conditions may be of importance, and perhaps a low level 
of the subsoil water and a high earth temperature, together with an 
imperfect sewage disposal and contaminated source of the drinking- 
water of the place, may have something to do with this anomaly. 

Another point which is by no means understood is the fact that 
the disease remains for years in the endemic region, and then 
suddenly spreads in epidemic and pandemic form, extending at 
times over the whole world. 

The aetiology may, therefore, be summarized by saying that the 
disease is caused by Koch’s Vibrio cholercB acting in the presence 
of some unknown bodily condition or conditions, and spread directly 
from man to man by fomites, water, insects, and food, but the 
reasons for its endemicity and epidemicity are unknown. 

When travelling from one place to another, it always adopts 
channels of human intercommunication, which may be ships, rivers, 
roads, or railways. When introduced into a locality, it will give 
rise to a widespread epidemic if the sanitation is so defective that 
the germs gain access to the drinking-water, but will be far less 
extensively spread if due to food or insects, and will be merely 
sporadic if spread from man to man. 

Pathology. — The vibrio grows in the lumen, the glands, the 
epithelial cells, and the mucosa of the small intestine, probably 
producing an endocellular toxin, which is set free and causes the 
symptoms. 

The question of toxin formation has, however, been much debated. 
Thus, in 1905, Brau and Denier considered that they had obtained 
a soluble toxin. In 1906 Kraus said that he had obtained a soluble 
toxin which caused the disease, and in the same year MacFadyen 
obtained a virulent endotoxin. In 1907 Strong carefully investi- 
gated the subject, and concluded that he was unable to find a 
soluble toxin as described above, but that MacFadyen’s endotoxin 
was the true toxin which caused the symptoms in man. This endo- 
toxin causes great gastro-intestinal disturbance, leading to the 
passage of fluid from the blood to the bowel in the following order ; 
First water, and then inorganic salts, especially sodium chloride; 
later, phosphates and potassium salts; and still later organic sub- 
stances. This endosmosis causes a great concentration of the blood, 
producing a high specific gravity, which may reach 1073 to 1078, 
which is associated with a great increase in the erythrocytes — 
8,000,000 per cubic millimetre, according to Rogers and Megaw — 
with a corresponding increase of the haemoglobin and of the leuco- 
cytes, which may number from 14,000 to 60,000 per cubic millimetre. 
At the same time the alkalinity of the blood is decreased and its 
coagulative power altered, while the oxygen contained therein is 
decreased. 

The decrease of the alkalinity of the blood may be very marked 
in severe cases, and Rogers, Sellards and Shaklu give great import- 
ance to this so-called cholera acidosis. 
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The concentration of the blood causes a fall in the blood-pressure, 
which is indicated by the feeble compressible pulse, but which, to 
be studied properly, requires investigation by means of a Riva- 
Rocci's instrument, as has been done by Rogers and Megaw, who 
found that in typical collapse the blood-pressure might be only 
60 to 50 millimetres of mercury, when the patient is markedly 
cyanosed and restless. If the case is not so serious, the pressure 
may be higher — 70 to 80 millimetres of mercury — and if the patient 
is on the road to recovery it may reach to 90 millimetres. As a 
result of this low blood-pressure, the urine may be suppressed or 
scanty, with a high specific gravity, albumen, casts, and a large 
quantity of indican. 

The body appears to react to the disease by the pouring out of 
substances from the blood which are probably bacte’-icidal, though 
Edwards’s attempt to prove this failed because of decomposition 
and the admixture of other micro-organisms. Agglutinins are 
absent in fatal cases, but, according to Greig, in non-fatal cases they 
begin to rise after the sixth day, but drop after the twentieth day* 

When recovery is about to take place, the specific gravity of the 
blood decreases, the blood-pressure rises, and the urine becomes 
abundant. As convalescence continues, the great danger is 
secondary infection of the body by other micro-organisms, which 
may cause serious illness and even death. 

It is important to note that Greig has found the germ in the gall- 
bladder (40-70 per cent, of cases) — ^where it causes cholecystitis, 
and in animals may give rise to gall-stones — in the lung, kidney, and 
urine. According to Violle’s researches, bile in tends, however, 
to hinder the development of the cholera vibrio. According to the 
same author a small dose of cholera toxin excites the secretion of 
bile while a large dose stops it. It i? suggested that a septicflemia 
takes place, but this has not been demonstrated. Manson suggests 
that it may pass by the lymph channels. 

Danysz regards the disease as of anaphylactic origin. 

Morbid Anatomy. — Usually post-mortem rigidity is very well 
marked, and the body keeps warm for some time after death. 
On cutting into the tissues, it is noticed that they are very dry, 
and that the blood is often thick and tarry. On opening the peri- 
toneal cavity, the hand experiences a peculiar sticky sensation not 
felt in any other disease with which we are acquainted. 

The stomach is usually empty, and the bowels are reddish in 
appearance, with injected vessels. When a piece of small bowel is 
opened, the contents are usually found to be whitish or greyish 
grumous material; more rarely will the contents be blood-stained. 
These contents consist of food particles, epithelial cells, red and 
while corpuscles, and micro-organisms. When allowed to stand, 
they separate into liquid and solid portions, the former containing 
albumen, and having a specific gravity varying from 1005 to 1015. 
The mucosa of the stomach and bowels is hypersemic and swollen, 
and may be marked by ecchymoses. There is usually some enlarge- 
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ment of the solitary and agminated glands, as well as of the mesen- 
teric glands. 

The liver is generally congested, and the ducts full of bile; the 
spleen is shrunken; the kidneys are swollen, and often ecchymotic, 
with tubules blocked with granular debris and cells in a state of 
cloudy swelling. The right heart is often dilated, and the whole 
venous system full of blood, while the arterial system and the left 
heart is empty. The lungs arc collapsed, dry, and anaemic, and 
the brain may be congested. 

Microscopically, the vibrios may be seen in Lieberkiihn’s follicles 
in the epithelial cells, and in the mucosa of the intestine and the 
stomach. The kidney shows vascular congestion and destruction 
of the epithelium. Usually the vibrios do not penetrate into the 
blood-stream, and therefore the disease is mainly a general intoxica- 
tion; but Rebowski records cases in which they have been found 
in the liver, the kidney, and the heart, thus producing a general 
infection. 

If the post-mortem is held on a case which has died during the 
state of reaction, pneumonia and the signs of other secondary 
infections may be found. 

Symptomatology. — A typical case of cholera has an incubation 
period which varies from a few hours to a few days (three to six). 
The onset is usually sudden, but there may be prodromata in tlie 
form of diarrhoea, or merely a feeling of illness and malaise. The 
attack begins with diarrhoea, with or without colicky pains in the 
abdomen. The motions arc at first freculent, and contain bile, but 
soon assume the typical rice-water appearance, in which they are 
fluid and acholic, containing numerous white flakes, which, when 
examined, are found to be composed of mucus containing vibrios 
and epithelial cells, while exceptionally the motions contain blood. 
Vomiting generally appears early, food being first expelled, followed 
later by a watery fluid, with which bile and occasionally blood may 
be mixed. The patient complains of thirst, and at times of hiccough. 
As the purging and vomiting proceed the urine diminishes, and may 
stop, and fluid departs from the subcutaneous tissues, which there- 
fore contract, so that the facies alters, the nose becoming sharp, the 
cheek-bones prominent, the eyes sunken, and the skin of the fingers 
becomes wrinkled like that of a washerwoman. Whilst this is 
taking place, the circulation becomes profoundly affected, the blood- 
pressure falls, the pulse becomes weak and rapid, the heart-sounds 
diminish, and the lips, face, and nails become bluish. The patient 
now has difficulty with his breathing, and his voice becomes weak 
and husky. Painful cramps appear in various muscles, but espe- 
cially in the calf, arm, and abdominal muscles, while the reflexes 
are diminished. The mind is quite clear, but the patient is apathetic, 
except when agonized by the cramps. The skin feels cold, and the 
axillary temperature fails below normal, but that of the rectum 
may be considerably raised. If no change for the better takes 
place, the patient passes into the algide stage, in which the failure 
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of the circulation becomes more marked, the pulse almost disap- 
pearing at the wrist, the heart becoming weak and irregular, the 
respirations laboured, the skin cold and deeply cyanosed, the urine 
suppressed, while the diarrhoea may or may not cease, and the 
temperature falls far below normal. The first heart-sound becomes 
impure, or a henemic systolic murmur may be present, and the second 
may be faint, and friction-sounds may be heard over both the peri- 
cardium and pleura. The patient may now become comatose, and 
deatli supervenes in from twelve to thirty-six hours after the onset 
of the attack. If recovery is to take place, the diarrhoea diminishes, 
the skin becomes warmer, the pulse and blood-pressure improve, 
and after a time bile appears in the motions, and the skin fills out 
with fluid again. 

Sometimes convalescence is rapid. In some a secondary febrile 
condition ensues, which may last for several days, or even for a 
couple of weeks. 

The patient may at times pass into a status typhosus, with 
flushed face, raised temperature, dry brown tongue, low muttering 
delirium, witli subsultus and toxic tremblings and toxic rashes, 
which may be erythematous, papular, or haemorrhagic. The urine 
is diminished in quantity, has a high specific gravity, and contains 
albumen and casts. The motions are somewhat like those of 
typhoid, or may be bloody. 

Death may take place during this stage from complications, or 
recovery may ensue after a long convalescence. The infection of 
the convalescent may be said to have ceased when on three 
separate days the bacteriological examination of the motions is 
negative. 

The typical course of the disease, as described above, is often 
arbitrarily subdivided into three stages: (i) The stage of evacua- 
tion; (2) the algide stage; and (3) the stage of reaction, when the 
patient is about to recover. 

Varieties. — Cholera cases at times present many varied features, 
which are usually classified into: — 

1. Ambulatory Cases. — There are cases in which, without any 
signs of disease, the vibrio may be obtained from the fseces. These 
people are genuine carriers of the disease. 

2. Choleraic Diarrhoea. — Choleraic diarrhoea is characterized by 
severe purgation, associated with the passage of yellowish motions, 
which contain the specific vibrio. This condition may be recovered 
from, or may pass into a typical attack of the disease. 

3. Cholerine. — The patient is suddenly seized with abdominal 
pains, and passes numerous feculent motions, followed by typical 
rice-water motions, which speedily cease, and the patient quickly 
recovers without further symptoms. 

4. Cholera Gravis. — This is the typical form already described. 

5. Cholera Sicca. — In this type the patient becomes rapidly col- 
lapsed, and dies before the typical symptoms of diarrhoea and 
vomiting can appear. The post-mortem and the bacteriological 
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examination of the bowel contents reveal the true nature of the 

c'Sications.-In rare cases hyperpyrexia has been noted during 
.u® but usually all the complications occur during the stage 

* f " .Son Sd LSdue to secondary infections. The most coinmon 
° opiim'onia enteritis, and inflammation of the kidney. Preg- 
nantCoSen always abort, and the foetus may show signs of the 
nant reason of this abortive tendency ]s, according to 

St"' blcause choS hi a powerful effect Spon even the non- 
pre^ant uterus, causing haimorrhagc during the stage characterized 

^^SMUel* — After^ such a severe illness, it is usual fo find more or 
Sequel. A the victim. Thus anamia, 

less pel ina^nent S gangrene, ulceration of the cornea, 

TsStism, or othcrlrors oflfraction, a tendency to diarrhcea, 
and digestive disturbances, may persist for a long time. 

Dilnosis— The diagnosis is easy during an epidemic, but it may 
be verrdfifi<^-^ilt in the p^iod when there are only a few sporadic 

‘"‘"S dSy simulated by ptomaine poisoning as 

roS^ds the comipse, and by infections with germs of the Aertrycke- 
olrtner group, which we have seen produce typical rice-w at tr 
Uanne h i nerfectlv useless in a sporadic case to attempt 

t^lake’anlcultelagnosis without a bacteriological examination, 

to make an dcc “g^formed with the greatest care, as there are 

many vibrios which are undistinguishable without special testsfrom 

^ JJhlZ rholem Koch. We recommend the following method .— 
Se filrnffrom the rice-like flakes, and stain with diluted 
v* VI fuchsin (i in 50) for ten minutes, or with Loffler s 

blue five minutes. If a large number of curved rods be present, 
Sderfmay be suspected; but a definite diagnosis should never be 
baS on the simple microscopical examination, as comma-like 
germs are found inVny cases of ordinary diarrhma, and even in 

’^'rinoculSe four tubes of P^Ptone water with the suspected 
Q+nnk the first with i c.c., the second with |c.c., the third with 
I c c ’ and the fourth with 2 c.c.; or inoculate each of two Erlcn- 
mever flasks, capped with sterile filter-paper without wool-plugs, 
with I c.c. of the stools. The formation of a scum on the suHaxx 
of the medium within eight to ten hours is suspicious of cholera. 
The pellicle and the upper portions of the medium should be ex- 
amined microscopically for the presence of vibrios, and a micro- 
scopical agglutination test carried out, mixing one loopful of the 
culture with one loopful of diluted cholera serum (i in fifi” 

peptone water should be tested for the presence of indol, adding a 
few drops of pure sulphuric acid. In true cholera the mdol reaction 
is eenerally present eight to ten hours after inoculation. From the 
oeWcle and upper portion of the peptone-water tubes ordinary agar 
and MacConkey agar plates should be made, and any suspicious 



DIAGNOSIS 


i8ii 


colony developing should be further examined and the germ 
investigated as regards the following characters : — 

(a) Motilily.— The cholera vibrio is very actively motile. 

(b) Morphology. — The cholera organism is often bent, comma-like, 
but may be straight, bacillus-like. 

{c) Agglutination. — A strong anticholera serum obtained from 
some well-known laboratory should be used. Any vibrio found 
in stools which is agglutinated by this serum in a dilution not less 
than I in 2,000 can safely be considered, as a rule, to be the true 
germ of cholera. In doubtful cases, all the cultural characters 
should be studied, and Pfeiffer’s test and Castellani’s absorption 
test should be carried out. 

Dunbar has recommended a special agglutinative tert, which consists in 
mixing directly a drop of the stools with diluted immune scrum. The cholera 
vibrios become agglutinated. This process is practicable only when the stools 
contain many vibrios. 

3. Take a rice-like flake, and smear it direct on to the surface of 
MacConkey’s lactose-agar plate, using a sterile bent glass rod or 
Kruse’s platinum pencil. Inoculate with the same rod or pencil 
without recharging the surface of two more plates, and incubate at 
35° C. The colonies of the cholera and cholera-likc vibrios develop 
on MacConkey’s medium as delicate, small, yellowish, roundish dots 
within twelve to eighteen hours. Any suspicious yellowish colony 
should be examined, and the germ investigated as regards 
motility, morphology, and agglutination, as already mentioned. 

4. Inoculate the surface of three ordinary serum-tubes with the 
suspected stools, and incubate at 35^ C. If within sixteen hours 
therc^ is no zone of liquefaction in the medium, cholera may be practi- 
cally excluded. If there is liquefaction, this may be due to the 
presence of the cholera or otlier serum -liquefying germs, or to the 
stools containing an amount of proteolytic substances. The liquefied 
serum may be plated on MacConkey or ordinary agar plates, and 
any suspicious colony further investigated. 

5. Dieudonne’s special strongly alkaline blood agar may be used 
for the isolation of the cholera vibrio in fseces. On this medium 
the cholera germ grows well, forming pearl-like colonies, while the 
coli and coli-like organisms scarcely vegetate. Of course, the colonies 
which grow must be carefully investigated, as already described. 

6. Bandi’s Method — The suspected faecal matter is inoculated into a 
sedimentative tube containing peptone water and a certain amount of immune 
serum. After incubation at ^.7® C. for three to seven hours this tube shows, 
if the case is one of cholera, numerous small flocculi, which at first are in 
suspension, and later sink to the bottom. These flocculi consist of a gglutinated 
vibrios. 

7. Ottolenghi' s Method .- — The suspected stools are inoculated in a medium 
consisting of pure bile mixed with 3 per cent, of a 10 per cent, solution of 
sodium carbonate, which after incubation at 37° C. for some hours is plated 
and further investigated. 

8. Aronson's Method .- — ^This is an alkaline agar medium containing cane 
sugar and dextrin, with fuchsin and sodium sulphite as indicator. Good 
results have been recorded by several observers. 
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9. Castcllani’s Method. — Inoculate peptone water tubes (it is of advantage 
to use centrifuge tubes) with the faecal matter in the usual way, but before or 
immediately after making the inoculation add to each tube 3 to 5 drops poly- 
valent lactose fermenting faecal bacteria serum (B. coli, B. pseudo-coli, B. coli 
tropicalis, etc.), or the respective mono-serums may be used; 3 to 5 drops 
polyvalent non-lactose fermenting faecal bacteria serum [B. protms group, etc.) ; 
3 to 5 drops ])aratyphoid B serum. The addition of the last-named serum is 
made with the object of agglutinating and delaying the growth of the bacilli 
of the paratyphoid B and acrtrycke type, which, in the tropics at least, are 
not very rarely found in the intestinal fluid. Care should be taken, of course, 
to use serums containing no coagglutinin for the cholera vibrio, or only in 
very small amount. Or serums can be used from which the cholera coagglu- 
tinin — which is always in very much smaller amount than the other coagglu- 
tiifins — has l)cen removed by absorption. The tubes are ])laced in the incu- 
bator, and the further steps in the investigation arc' carried out in exactly the 
same manner as with the ordinary methods. I'or details see British Medical 
Journal, October 13, 1917. 

A modification of the method consists in inoculating ordinary peptone-water 
tubes with the faxal matter, and, after four to six hours, from the upper 
portions of these tubes inoculations are madein pcjitone- water tubes containing 
a few drops of intestinal bacteria polyserums. 

If material has to be sent to a central depot for bacteriological 
examination, certain precautions must be carried out. The faeces 
must be carefully collected, if possible into a bed-pan which has been 
scalded or boiled, or a looj) of small intestine carefully removed post 
mortem, d'hese specimens must be forwarded in a glass bottle, which , 
as well as the cork, has been boiled. It is, perhaps, hardly necessary 
to state that no antiseptic must be mixed witli the specimens. 

Prognosis. — The prognosis is usually bad at the beginning of tlie 
epidemic, but improves as the epidemic continues. The case- 
mortalit}^ may be stated to be on the average about 50 per cent. 

Treatment.- — Tlu' treatment of cholera must aim at the destruc- 
tion and removal of the vibrios, the neutralization of the toxins, 
the prevention of secondary infection through the damaged intes- 
tinal mucosa, the healing of which must be assisted, and the relief 
of symptoms. 

To promote these objects, the patient must at once be sent to 
bed, no matter how slight the attack may seem to be. His room 
should be airy, and he should not be allowed to leave the horizontal 
position. The bed-pan and urine bottle must be used, and the 
former should be slightly warmed. 

The best treatment is that devised by Rogers, which is as follows : — 

The patient is given as much calcium permanganate water (i to 6 
grains to the pint) as he can drink, and permanganate pills every 
qucirter of an hour for two hours, and then one pill every half hour 
(any pill rejected by vomiting being immediately replaced). These 
pills are continued until the stools become green and less copious, 
which may occur in twelve to twenty-four hours. At the beginning 
of the second twenty-four hours eight pills are administered within 
four hours, and in severe cases this is repeated at the beginning of 
the third twenty-four hours. In mild cases after the first twenty- 
four hours the pills are only administered every four hours. 
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The composition of the pills is: — 

Potassium permanganate . . . . . . 2 grains. 

Kaolin and vaseline as may be required to make a pill. 

This pill is coated with a varnish composed of i part of salol and 
5 parts of sandarach varnish, or with keratin. Pills kept for any 
length of time are apt to become hard and useless. 

The patient must be kept warm, and supplied with plenty of 
water to drink, which preferably should be taken in sips, and 
sinapisms or turpentine stupes should be applied to the abdomen. 

When collapse has set in, hot bottles must be applied to the 
extremities and round the body, and when the pulse fails, the 
median cephalic vein should be opened at the elbow, and Rogers's 
special silver cannula, made by Messrs. Down and Company, in- 
serted, and through this injections of hypertonic saline solution 
should be injected until the blood-pressure returns as tested by the 
pulse, or more preferably by a Riva-Rocci's instrument. If the 
blood-pressure sinks below 70 millimetres, Rogers considers this to 
indicate the presence of a dangerous degree of collapse and an 
indication for an immediate intravenous injection. He takes the 
specific gravity of the blood by the simple method of placing a drop 
of blood in the centre of a small vial containing a mixture of glycerine 
and water of known specific gravity (at the mean temperature of 
the air), and if the droplet rises or falls, trying another vial of lesser 
or greater density until the right specific gravity is reached. 

He concludes that, if the specific gravity is over 1060, while the 
blood-pressure is low, a copious intravenous injection may be safely 
administered. If the specific gravity is over io(>5, even if the blood- 
])ressure is over 70 millimetres, it is advisable to give an intravenous 
injection, as the blood is dangerously concentrated, and a single 
evacuation may lead to a rapidly fatal collapse. 

Restlessness, cyanosis, and cramps are also taken as indications for 
intravenous injection, especially if the blood from the pricked finger 
is black, and may be obviously thicker in consistency than normal. 

The hypertonic saline solution recommended by Rogers is:- — 

Soclhim ('.liloritlc .. .. .. 120 grains (8 grammes). 

C'alcinm ( hluricle .. .. .. 4 ,, (()-25 gramme) . 

Potassium chloride . . . . O ,, (()‘4 ,, ). 

Water .. .. .. . . To i pint (308 c.c.). 

The temperature of the sterilized solution (in an emergency pure 
water filtered through cotton-wool, and boiled for fifteen minutes 
will suffice) has to be judged by the rectal temperature. If this is 
99'' F. or over, Rogers injects the fluid at about the normal tempera- 
ture of the body F.) — i.e., the flask temperature is about 

100° F. If the rectal temperature is a degree or so below 99° F., the 
temperature of the solution in the flask should vary from 102° to 
104*^ F. If tlie rectal temperature is high— /.c., over loo'’ F. — the 
solution should be run in below 98-4° F. : if the temperature is over 
102° F. the solution should not be warmed. About 4 pints of fluid 
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are required for an adult male, but the case must be carefully 
watched, and the injection stopped if any distress of increased 
frequency of respiration is noted. These injections may have to be 
repeated several times, and therefore the cannula must be left ift situ. 
At the same time, hypodermic injections of strychnine, provided 
there arc no severe cramps, with or without atropine, should also be 
given, and warm rectal injections. 

During this treatment the bladder must be carefully watched to 
see whether urine is being passed or not, and if suppression occurs, 
dry-cupping should be performed over eacli loin. 

In some cases, especially when anuria has developed, an alkahne 
solution acts better, and Rogers recommends the following: Sodium 
chloride, 4 grammes; sodium bicarbonate, 10 grammes; water, 
500 c.c. Bayliss' solution (6 per cent, gum acacia in 0*9 per cent, 
sodium chloride solution) may be used. 

When the stage of reaction sets in, a mixture containing salicylate 
of bismuth gr. xv., bicarbonate of soda gr. v., liquor opii sedativus 
min. V., mucilage q.s., and chloroform water i ounce, should be 
given, and later one containing alkalis and digitalis is useful. 

With regard to symptoms, the persistent vomiting may be 
relieved by small pieces of ice or by ^ grain of cocaine dissolved in 
a teaspoonful of water, or by a dose of 10 minims of mistura pepsini 
composita et bi smut ho every half-hour until four doses ha\'e been 
given, or by one or two drops of tincture of iodine in water. Cramps 
are treated by massage, assisted by rubbing with dry powdered 
ginger, by hypodermic injections of morphia, or by inhalations of 
a mixture of chloroform and oxygen. Prostration must be com- 
bated by hypodermic injections of strychnine or of camphor in 
ether. Delirium must be relieved by bromides with tincture of 
hyoscyamus. 

The treatment of complications, such as pneumonia, etc., must be 
conducted on the lines laid down in textbooks on general medicine. 

Other methods of treatment may be briefly mentioned . Many disinfectants 
are recommended by different authors — e.g., a mixture of sulphocarbolates 
of .zinc, 2 grains; soda, 2 grains; calcium, 3 grains, dissolved in peppermint. 
Acetozone, alphazonc, and medical cyllin arc recommended by O’Gorman, 
and both he and Waters advise the administration of 15 minims of medical 
izal dissolved in i ounce of water every two hours. Salol has been strongly 
recommended by some writers, and Brown and Banerji praise an emulsion 
of eucalyptus oil with mucilage and syrup of lemons, of which 5 minims are 
given for a dose. O'Gorman advises copper arsenite for infants, while Duke 
recommends red iodide of mercury in the algide stage, and Choksy cyanide 
of mercury in y^-grain doses in syrup and water every two or three hours, but 
says this is apt to cause stomatitis during convalescence, which can be avoided 
by regulating the doses. Cantani long ago advised slow intestinal injections 
of 3 to 4 pints of a I per cent, solution of tannin, with or without 20 to 40 
drops of tincture of opium, and warmed to 100° F. and given every three to 
four hours. Denier’s serum treatment has been found useless by Strong, 
but Kobe’s serum promises to be more useful. Berdnikoff gave 30 to 50 c.c. 
of Schurupon's serum intravenously and subcutaneously with success. Salim- 
beni? used 100 to 330 c.c. Pasteur Institute serum together with saline 
injected subcutaneously and intravenously. Macfadyen and Hewlett have 
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prepared an endotoxic serum, and Violle has prepared a serum by inoculating 
the cholera vibrio in the gall-bladder of rabbits. Several authors recommend 
treatment by repeated hypodermic injections of morphia, and others adrenalin 
and pituitary extract. Kuhne recommends massive doses of bolus alba (kaolin) . 

With regard to diet, no food should be given during the acute 
attack, but merely liquids, which should consist of water, iced 
water, iced soda-water. Stimulants should only be given with 
great moderation, and carefully by the mouth, as at times they are 
apt to do more harm than good. In the algide stat j the liquids 
given should be warmed, and hot black coffee may be used as a 
cardiac stimulant. 

When reaction sets in, only the mildest foods must be allowed, 
and then only with care. Begin with thin arrowroot, and continue 
with milk mixed with soda-water, and then witn milk, barley- 
water, rice-water, etc. Sanatogen, plasmon, and somatose are also 
recommended. Meat-extracts should be avoided. As improve' 
ment continues, the diet may be slowly and carefully increased, but 
the greatest care must be taken for a long time. 

Prophylaxis. — The prophylaxis must be based upon the know- 
ledge that the disease is carried by man, and is spread from one 
man to another by weiter, milk, contaminated food, especially green 
vegetables, and insects, especially flies and perhaps ants. 

The metliods which may be adopted are classifiable into private 
and public. 

Private Methods . — At the beginning of an epidemic it is as well 
to circulate a printed notice in English and in the vernacular telling 
the householder what he should do to prevent the disease attacking 
his household. It is the duty of the head of every household to 
personally inspect twice a week at least his kitchen and go-downs, 
and especially his servants’ latrines, and to see that the house and 
compound are kept in a clean, sanitary condition. He must also 
see that the filters are properly cleaned, and should flies abound 
in the house, their source should be diligently sought for, or, if it 
cannot be found and dealt with, the Sanitary Authority should be 
informed. He should also see that the whole household keep them- 
selves strictly clean, especially the cooks. 

With regard to food and drink, care should be taken that all 
cooking and serving vessels are thoroughly cleansed with boiling 
water, and that kitchen cloths are washed in a solution of cyllin 
or carbolic acid. Especial care should be taken with regard to the 
ice-safe, which is apt to become coated internally with green slime, 
which may cause diarrhoea. This ice-safe must be thoroughly 
cleaned with hot soda and water, and exposed 'to the sun at least 
once a week. Food must not be stored near latrines, and must be 
protected from flies and ants, and the rooms and cupboards in 
which it is placed must be thoroughly cleansed with soda and hot 
water at least once a week. 

All water must be boiled and filtered, and stored in covered 
vessels, and all milk must be boiled and carefully protected fi oin 
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flies and other insects. Care should be taken that good milk is 
procured. No uncooked vegetables or salads should be used; fruit 
must be sparingly indulged in, and unripe fruit, especially melons, 
must be avoided. Balfour advises that jellies in particular should 
not be used during a dangerous season. Weak tea and lime drinks 
made with boiling water should be used as beverages. 

All cases of illness, but especially diarrhoea, must be promjdly 
treated by a medical man. 

With regard to prophylactics, eucalyptus oil in lo-niinim doses 
twice daily has been strongly recommended by some authors, but 
the most usual prophylactic is a })rotective inoculation, which w^as 
first introduced by Ferran in Spain, and has been studied and 
improved by Haffkine and Gamaleia; by Taniancheff, who added 
0*5 per cent, carbolic acid to the sterilized prophylactic; and by 
Strong and others. 

Vaccines . — Haffkine originally used two prophylactics — a weak 
and a strong — ^with the idea that the strong would produce too 
violent a local reaction ; but this proving to be wrong, only the strong 
is now used. This prophylactic is prepared by intensifying the 
virulence of the vibrios by passing them through a series of rabbits, 
and then growing on agar, from whicdi the growth is washed off by 
sterile broth which is made up to 8 c.c., of wliich one is injected 
hypodermically into the flank as a dose. There is some local reac- 
tion in the form of redness, swelling, and pain, and some general 
febrile reaction. The result is that after an initial diminution of 
the resistance against the disease this becomes considerably increased 
after the fifth day. Haffkine’s statistics show that it diminishes by 
one-tenth the liability to the disease, and increases the chance of 
surviving if attacked. Thus, according to Powell, in 6,549 
vaccinated there were 198 cases and 124 deaths, and in 5,778 
vaccinated there were 27 cases and 1.4 deaths. Vaccination 
confers a partial immunity, which is said to last about fourteen 
months, after which it diminishes, and finally disappears. Re- 
vaccination is, therefore, necessary after this ])eriod. 

Strong's method is to spray agar which is contained in large flat- 
sided flaskswith a twenty-four-hour-old culture of thevibrioinbroth, 
and then to incubate the flasks at 37° C. for twenty hours, and to 
suspend the subsequent growth in sterile water, which is first heated 
to 60° C. for one to twenty-four hours, then incubated at 37'' C. for 
two to five days, and then filtered through a Reichel candle. Two 
c.c. (the equivalent of 10,000 units of immunity in a rabbit) of the 
filtrate, which must be sterile, arc inoculated. This prophylactic, 
which is said to be capable of being kept for a year, produces no 
local reaction, and but slight general reaction, and increases the 
bactericidal and agglutinative powers of the serum considerably. 
Strong considers that it contains receptors separated from the 
vibrios, and that it probably acts by increasing the bactericidal 
and antitoxic powers of the epithelial cells of the mucosa of the 
alimentary canal. 
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One of us has prepared an attenuated live vaccine by heating 
emulsions of agar cultures to 45° C. or 48° C. for one hour. 

A nucleO“proteid vaccine, according to Lustig and Galeotti’^ 
method, can also be prepared. 

Tetravaccine (T.A.B.C.) — This is a vaccine prepared and used by 
Castellan! since 1909, and now frequently employed in various 
countries as a prophylactic measure against cholera as well as 
typhoid and the paratyphoid fevers. It has been adopted in the 
Serbian Army since 1915. It is prepared as follows: — 

The growth of typhoid cultures is washed off with sterile ('*85 per 
cent, salt solution, to which 0*5 per cent, carbolic acid has been 
added; the emulsion so obtained is stored at room temperature 
(18° to 20'' C.) for twenty-four hours, and then standardized. To 
standardize it the germs are counted by using a Thoma-Zeiss 
apparatus, and sufficient carbolic salt solution is added to bring the 
number of germs down to 2,000 millions per cubic centimetre. The 
standardized emulsion is tested for sterility. The same procedure is 
carried out with paratyphoid A and paratyphoid B cultures, these 
two emulsions being also standardized to contain 1,000 million 
germs per cubic centimetre. The above procedure is also carried 
out with cholera, the emulsion of which, however, is standardized 
to contain 4,000 million germs per cubic centimetre. The four 
standardized emulsions when found sterile are mixed together in 
equal proportions, and the vaccine will therefore contain per cubic 
centimetre: — 

Typhoid 500 millions. 

Parat\T)hoid A . . . . . . 250 ,, 

I’aratyphoid B . . . . . . 250 ,, 

Cholera 2.000 

Of this mixture, 0-5 to od) c.cm. are given under the skin of the 
arm, or better into the loose tissue below the angle of the scapula, 
the first time, and double the amount a week later. A third dose, 
also J c.cm., given two weeks after the first, is of advantage, but not 
essential for practical purposes. The amount of agglutinins for 
each germ is about the same as if monovalent vaccine had been 
injected. The protection for cholera seems to last for about six 
months. 

Castellani has prepared also a glycero-tetra vaccine containing 2 per cent, 
pure glycerine and standardized as to contain per c.c. typhoid 2,000 mdlions, 
p iratyplioid A 100 millions, paratyphoid B i ,000 millions, cholera 4,000 millions. 
Of this vaccine only one inoculation of i c.c. is given. 

A pentavaccine having in .tddition 300 millions of B. pesiis may also 
be prepared. The effect of the vaccine in man lasts for seveial 
months (six to seven). 

Public Prophylaxis. — It is the duty of the State to attempt to 
ward off cholera by preventing liuman beings introducing the germ. 
This involves the careful watching of the frontiers, especially alo^ ' 
the lines of intercommunication, whether roads, railways, or wa 
ways. Under the last heading must be included ships, boats. 



i8iS 


THE CHOLERAS 


rafts, for it must be remembered that cholera is very apt to be 
introduced by persons travelling along rivers. 

Any suspicious case must be detained for five days in quarantine 
in suitable isolation hospitals erected near the frontiers, while the 
sick must be tended in special hospitals with all the precautions to 
be mentioned later. 

Merchandise does not, as a rule, require any disinfection, unless 
there is reason to suspect that some of it has been faecally con- 
taminated from a case. 

When an epidemic begins, the first duty is to form a special 
Cholera Board to deal with the outbreak, and this Board should be 
composed of financial and legal authorities, as well as of doctors 
and bacteriologists. This Board will form the central authority for 
the control of the epidemic. All suspicious cases must be reported 
to this central authority at once. 

Then central and outlying bacteriological stations must be pro- 
vided, and special hospitals and isolation hospitals built, and, if 
possible, nurses and medical men obtained who have some practical 
knowledge of the disease. If time permits, it is as well to have 
these vaccinated against the disease, but it should be remembered 
that five days must elapse before the immunity is effective. 

Arrangements must then be made for the prompt bacteriological 
diagnosis of cases, for the prompt treatment of ah disorders, espe- 
cially intestinal, and extra dispensaries must be opened, and the 
public informed of the necessity of availing themselves of these 
medical arrangements. If necessary, a house-to-house inspection 
should be made, in order to find out if there are mild concealed 
cases, and nobody should be buried without a proper medical 
certificate. 

All patients must be removed to the hospitals, and the houses 
disinfected with the Clayton gas apparatus, in order to kill not 
merely the germs, but also the flies and ants. If this is not avail- 
able, formalin sprays, together with burning sulphur, may be used. 
Fomites should be carefully disinfected, and persons attending the 
sick must avoid infection by careful disinfection of the hands and 
by wearing overalls. 

The dejecta of patients should be carefully disinfected with cyllin 
or carbolic acid, eind no patient should be liberated from the hospital 
until bacteriological examinations of his faeces on three successive 
days are negative. This is a most necessary precaution, because 
otherwise he may spread the germs broadcast for a period of about 
SIX weeks at least. 

Care must be taken to disinfect and bury the dead with least 
chance of the infection spreading. Cremation should be encouraged 
in preference to burial. 

A systematic search must be made for the origin of the infection, 
and drinking-water, well-water, etc., must be regularly examined 
bacteriologically. Dangerous wells must be closed, and all wells 
may be Hankenized i.e., disinfected with permanganate of potash. 
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The milk, ice, and aerated waters should be taken under the 
municipal control, and not merely must care be taken that they 
are pure, but they must be tested bacteriologically from time to 
time. 

Vegetables must be inspected, and the place where they are grown 
ascertained and inspected, in order to find whether there is faecal 
pollution. A crusade must be made against flies and dirt in general. 
The disposal of sewage should, of course, have been dealt with 
before the epidemic has occurred; but if it is defective, attempts 
should be made to remedy this as far as possible, and a scheme at 
once started for proper collection and disposal. 

Bathing-places must be carefully inspected, and bad places closed, 
and only pure water allowed to be used. No washing must be 
allowed near wells. Drugs must be given free, and means for 
inoculation of the prophylactic provided on a large scale. 

When the epidemic is past, the sanitary defects found out during 
its course should be remedied, and not forgotten until another 
outbreak occurs. 

Summary of Prophylactic Measures. 

Public Prophylaxis : — 

1. Protection of the frontiers by regular inspection posts and 

quarantine stations. 

2. A central Cholera Board, with full staff and apparatus for bac- 

teriological disinfection and hospital work. 

3. Instruction of the populace by means of pamphlets. 

4. House-to-house search for cases. 

5. Search for carriers and sources of infection. 

6. Distribution of medicines and disinfectants. 

7. Provision of medical aid which can be readily obtained by anyone. 

8 . Crusade against house-flies. 

Private Prophylaxis : — 

1. Personal cleanliness. 

2. Avoidance of foods liable to be contaminated or to cause diarrhoea. 

3. Avoidance of pollution of foods, especially by flies. 

4. Filtration and boiling of all water used for cooking, drinking, etc. 

Filters to be kept strictly clean. 

5. Boiling of milk and protection against flies. 

6. Clean, sanitary dwelling free from flies. 

7. Anti-cholera vaccination, repeated yearly in endemic centres. 

8. Immediate application for medical aid in case of diarrhoeal 

illness of any description. 


PARACHOLERA. 

Synonym. — N’diank (Senegal). 

Definition. — Paracholera, a term first introduced by Castellani. 
indicates an acute attack of colic and diarrhoea, with or without 
rice-water motions, which resembles cholera in the severity of the 
symptoms, but differs therefrom in that its causal organism is a 
vibrio different from Vibrio cholerce Koch. 

Remarks. — The work of Castellani, Thiroux, Lamas, Greig, Orti- 
coni, Chalmers and Waterfield, and many others, has demonstrated 
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the existence of a clinical entity differing from true cholera mainly in 
the fact that the causal organism is not the cholera vibrio. 

^Etiology. — The organisms which have been isolated from cases 
of paracholera are : — 

Vibrio kegallensis vel paracholerce Castellani in Ceylon. 

Vibrio Jreseris Lamas in Spain. 

Vibrio gindha Pfeiffer, by Chalmers and Water field, in 1916, 
in the Anglo-Egyptian Sudan. 

Ort iconics vibrio in Marseilles in 1911. 

Symptomatology.- — Clinically the s3inptoins restmble those of 
Asiatic cholera, and as such the cases are generally diagnosed. The 
motions are generally of the rice-water type, but are sometimes 
slightly greenish, therein differing from true cholera. 

Treatment.- — This is the same as for cholera. 

PSEUDOCHOLERA. 

Synonyms. — Choleraic Uiarrhexja, so-called ptomaine poisoning, Serous 
diarrhoea, Trench diarrhoea. 

Definition. — Pseudocliolera is an acute attack of serous diarrlioea 
which resembles cholera and paracholera in its symptoms, but d iff eis 
therefrom in being due to various caus(‘s, none of which is a vibrio. 

Remarks. — Cases of profuse serous diarrha'a associated with 
algidity, muscular cramps, and in general showing symptoms 
resembling cholera or paracholera, are not rare, in our experience, 
in tropical and subtropical lands and war zones. 

AEtiology.^ — The causal agents are very various— c.g., food poison- 
generally caused by bacilli of the aertrveke t^’pt*; serous 
diarrhma, caused by bacilli of the dyseniery grou]); at\^piccd subler- 
tian malaria ; certain poisons. We will now consider the symp- 
tomatology of these vari(dies. 


Food-Poisoning Pseudocholera. 

This form of pseudocliolera is generally due to/i. acrtryckc. The 
cases are of mild or moderate severity, and are ofttui termed 
ptomaine poisoning.' The onset is acut(j, with severe abdominal 
pain, furred tongue, and diarrhoea. The motions do not contain 
blood or mucus, nor are they usually of the nature of rice.-water, but 
in the more severe cases the stools are choleraic and there may be 
algidity and cramp. 

Bacillus aerirycke can be dilferentiated from B. paratypjiosus B by means 
ot Castellani s absorption test. Broughton Alcock has described several 
yancTies of h aerirycke winch can be distinguished by this method, h'or its 
biochemical characters see table of infestinal bacteria, p. 94.^ . 


Dysenteric Pseudocholera. 

Castellani some years ago showed that the type of choleraic 
diarrhoea, called serous diarrhoea, was often due to bacilli of the 
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dysentery group, and therefore of dysenteric origin. Recently 
Besredka in cases of so-called trench choleraic diarrhoea has also found 
bacilli of the dysentery group. The onset is sudden, and at times 
the symptoms may be mild, but more commonly they are severe. 
The patient passes a number of serous motions resembling those of 
cholera. There may be algidity, cramps, and the illness may 
terminate in death. In most cases, however, the motions are now 
and then tinged with blood, which arouses suspicion as to its 
dysentcTic nature. Microscopical examination of a fresh prepara- 
tion of the f^eccs may show a few red cells and leucocytes, instead 
of the epithelial desquamation found in true cholera. Bacterio- 
logical examination demonstrates the presence of dysentery bacilli 
and the absence of cholera and paracholera vibrios. 

Malarial Pseudocholera. 

This type is not rare in the tropics. The onset is sudden, with 
profuse serous diarrhoea, algidity, and other symptoms closely 
resembling true cholera (see p. 1177).. 

If the spleen is enlarged the diagnosis is facilitated, though true 
cholera may develop in cases of malarial infection. Microscopical 
examination of the blood and bacteriological investigation of the 
faeces are also useful in demonstrating the presence of malarial 
parasites and tint alisence of cholera and paracholera vibrios. 
Intramuscular injections of quinine quickly cures this type of 
choleraic diarrha'a. 

Pseudocholera caused by Poisons. 

This is most usually causi^d by arsenic, which is commonly in use 
in the tropics, especially in Ceylon, where it can be bought in the 
local markets. The diagnosis may be established by the history 
and by chemical analysis of the vomit and faeces and negative 
bacteriological examination. 
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CHAPTER LXXVIII 


THE DYSENTERIES 

The term ‘ dysentery ' — Dysentery and dysenteric diarrhoea — Dysenteries 
caused by animal parasites — Protozoal dysenteries- — Amoebic dysen- 
tery — Laveranic dysentery — Leishmanic dysentery — Ciliar dysenteries — 
Balantidic dysentery— -Spirochadic dysentery'— Kntoplasmic dysentery — 
Platyhelmintlhc dysenteries' -Nemathelminthic dysenteries- — Arthropodic 
dysenteries — Dysenteries caused by bacteria- — Pseudo-dysenteries — 
References. 

The Term ‘Dysentery.’ — The term ‘dysentery’ is derived from 
Wci/Tcpta, signifying a bowel trouble, and was first employed by 
Hippocrates. As used at present, it covers a large number of dis- 
tinct affections, induced by various species of animal and vegetal 
parasites. In England it used to be called Wiv.BJoody flux, in France 
Tenesme, and in Italy Flusso sanguigno. The Latin equivalent is 
Tormina, the German Ruhr ; while the native terms applied to it 
are too numerous to be considered here, but we may mention 
the Sinhalese term Lehccianpachanai = blood, hedan 

pachanai = diarrhoea) , and the Indian term, Rattam-secdam-hanthala- 
porado or WayatholechelL 

Dysentery and Dysenteric Diarrhoea.— The occurrence of a bowel 
disease in which blood appeared in the motions was well known to 
the ancients, for descriptions of such a condition can be found in 
the works of the old authors Charaka and Susruta, in which dysen- 
tery was called ‘ Atisar,’ and acute dysentery ‘ Ama-apaka,’ while the 
chronic variety was called ‘ Pakitsar.' 

Hippocrates recognized two distinct types of disease of the bowels 
— one characterized by the number and fluidity of the motions, 
which he called Sta/jpoea, and the other, by the presence of blood in 
the motions, which he termed Svcrevrepia, 

At first the term ‘ dysentery ’ included any disease in which there 
was a discharge of blood per anum, but Aret^eus, Celsus, Archigenes, 
Galen, and other ancient physicians, soon differentiated the 
disease more clearly by emphasizing the fact that there should be 
mucus as well as blood in the motions, and that the symptoms of 
tormina and tenesmus must be present. They further stated that 
the disease was due to an ulcerated condition of the bowels, and the 
contagious nature of the malady was early recognized and it was 
thought that its epidemics were due to miasmata. According to 
these ancient writers, in order to make the diagnosis of dysentery, 
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it was necessary to have blood and mucus in the motions. Recent 
investigations have, however, shown that certain cases of diarrhoea 
and dysentery are brought about by the same organism, and 
that a form of diarrhoea which may be called dysenteric diarrhoea 
is only one phase of the clinical appearances of a dysenter3^ and 
is setiologically in no way different from what might be termed 
a true dysentery, except in the severity of the symptoms and the 
post-mortem appearances. Briefly, dysenteric diarrhoeas are 
dysentery under a somewhat different clinical aspect — viz., the 
stools do not contain blood and mucus, although the complaint 
is due to the same organisms as true dysentery. Hence it is not 
expedient to attempt to classify dysenteries by their clinical symp- 
toms or by their post-mortem appearances, and any rational classi- 
fication and description of the complaint must be based on the 
causation. 

We therefore classify dysenteries and dysenteric diarrhoeas into: — 

A. Dysenteries caused by Animal Parasites: — 

I. The Protozoal Dysenteries. 

IT The Plat yhelmint hie Dysenteries. 

III. The Nemathelminthic Dysenteries. 

IV. The Arthropodic Dysenteries. 

B. Dysenteries caused by Bacteria. 

C. Pseudo-dysenteries. 

By the last expression we mean such forms of the complaint as 
may be due to the irritation of fish-bones, glass, cancer, or inflam- 
mations of organs adjoining the alimentary canal. 

A. DYSENTERIES CAUSED BY ANIMAL PARASITES. 

I. THE PROTOZOAL DYSENTERIES. 

The protozoal dysenteries are classified into: — 

(а) Amoebic Dysentery. 

(б) Laveranic Dysentery. 

(c) Leishmanic Dysentery. 

(d) Ciliar Dysenteries. 

{e) Balantidic Dysentery. 

if) Spirochaetic Dysentery. 

(g) Entoplasmic Dysentery. 

With regard to the term ‘ amoebic dysentery,’ we prefer this term 
as less likely to be altered rather than the more correct nomen- 
clature Loeschial dysentery or Loeschiasis. 

(a) Amcebic Dysentery. 

Synonyms. — Loeschiasis, Loeschial dysentery, Entamoebiasis, Amoe- 
biasis, Entamoebic dysentery. Amoebic enteritis. Amoebic colitis. 
French: Dysenteric Amibienne, Dysenteric k Amibes. Italian : Dis- 
senteria Amebica. German : Amobenrulir. 
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Definition. — Amoebic dysentery is an acute or chronic specific 
disease of the intestine, caused most commonly by Loeschia 
histolytica Schaudinn, 1903, and possibly by other species. These 
amoebae enter the body with food or water, and produce colitis, 
rectitis, and enteritis, characterized by the passage of frequent 
motions, which generally contain blood and mucus, and are asso- 
ciated with abdominal pain and tenesmus. At times they also 
produce abscesses in the liver and other parts of the body. 

History. — In i860 Lambl noticed amoebae in the motions of a 
child suffering from diarrhoea, and in 1870 Lewis found the same 
organisms in the motions of cholera patients; while Loesch, in 1875, 
gave a careful description of certain amoebae which he found in the 
motions of a man suffering from chronic diarrhoea. Loesch’s 
drawing signifies that he saw the organism which we call now 
Loeschia histolytica. Further, he found that solutions of quinine 
of a strength of i in 5,000, when injected per rectum, temporarily 
benefited his patient, who, however, subsequently died of pneu- 
monia, when a post-mortem revealed that the bowels were ulcer- 
ated. Loesch was able to infect dogs; but, on the other hand, 
Grassi, and later Cunningham and Lewis, showed that the motions 
of healthy people also contained amaLae. Koch, in 1883, found 
amoebai in the ulcers in cases of dysentery in Egypt, and Kartulis 
began a series of investigations, which finally ended by his defining 
the types of dysentery as ‘ endemic,' due to ama^bae, and 
‘ epidemic,' due to bacteria. In 1891 Councilman and Lafleur 
introduced the term ‘ amoebic dysentery,' and Quincke, Roos, 
Vivaldi, and many others published experimental researches on the 
infection of animals by amoebae and the production of dysentery. 

In the meanwliile a prolonged discussion took place, some 
observers denying, and others asserting, tlie patliogenicity of the 
amoebae. Kruse and Pasquale were the first to throw light upon 
this difference of opinion by suggesting tliat both theories might be 
correct, and that there might be two species of amoebie, one patlio- 
gcnic and the other harmless; but this was not finally settled until 
the researches of Casagrandi and Barbagallo, together witli those 
of Jurgens, were confirmed and greatly extended by Schaudinn, 
who showed that there were two forms of amoeba? quite distinct 
from one another — viz., a Loeschia coli Loesch, which was harm- 
less, and another, L. histolytica Schaudinn, which was the true 
cause of entamcebic dysentery. 

During recent years the labours of Hartmann, Whitmore, Wenyon, 
Fantham and Porter, Dobell and others, have proved that the 
amoeba which most commonly causes dysentery is L. histolytica, 
and that the other forms of aimebae described in dysentery by 
Viereck [L. tetragena) and other observers are different stages of 
this amoeba, the cysts of which can be carried by domestic fies. 

Climatology. — Amoebic dysentery is found throughout the 
tropical world, and also occurs in the Temperate Zone. In general 
terms it may be stated that amoebic dysentery is common in 
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tropical and- subtropical Africa, especially in Senegambia, Algeria, 
and Egypt. It is common in Mauritius and Ceylon, and is possibly 
not as rare in India as it is alleged to be. It is common in China, 
Indo-China, and the Philippines, and not infrequent in North 
America, but is said to be rare in Central America, in the West 
Indies, and the Guianas, while common in Brazil and Chili. In 
Europe it is endemic in Russia and Germany, and fairly frequently 
met with in the south, especially in Italy and in the Balkans. 
Sporadic indigenous cases have been reported also from Great 
Britain, where carriers of Loeschia histolytica cysts are not very 
rare especially among miners. 

Our observations do not lend support to the theory that amoebic 
dysentery is more common in the hills than in the plains of the 
tropics, as we have frequently met with it in persons residing in 
the low country. We have noted the disease all the year round, 
but it would appear to be more prevalent towards the end of the 
dry and the beginning of the wet seasons, which probably merely 
means that the chance of drinking polluted water is greater at that 
time, for though the climatological chrracters are not well under- 
stood, the disease appears to bear a relationship to contaminated 
water, though flies are also very important. 

Amoebic dysentery is generally endemic, and does not spread 
in epidemic, still less in pandemic, form. Probably, as medical 
science advances, it will be found to be of more frequent occurrence 
and of wide distribution. 

etiology, — The prevalent opinion at the present time is that 
amoebic dysentery is generally caused hy Loeschia histolytica Schau- 
dinn, 1903, but the possibility is not excluded of there being other 
pathogenic Loeschice. The life-histories of the various species, as 
far as they are known, have already been described in Chapter XVI L, 
p. 285. The most common source of infection is the drinking- 
water, which has been contaminated by feces, and contaminated 
food, and especially green vegetables, which may be infected prin- 
cipally by the agency of flies carrying the cysts in their intestine 
and depositing them upon the food, and less frequently by actual 
human faecal contamination. 

Woodcock has called attention to the importance of a hot, damp 
climate as a factor in the spread of amoebic dysentery, as cysts 
survive much longer in a hot, damp climate than in a dry climate. 
Cysts cannot withstand drying; while the experiments of Penfold, 
Woodcock and Drew have shown that cysts of Loeschia histolytica 
can retain their vitality for more than a fortnight in water. 

There does not appear to be any well-established racial or age 
predisposition, but the disease is less common in women than in 
men, perhaps because they are in some way less exposed to infection. 

Pathology. — The spores of the amoebae enter the body by the 
drinking-water, and by food contaminated with cysts, often 
deposited by flies, and produce the young amoebae on arrival 
in the large bowel. These young forms enter the mucosa„ 
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probably by passing between the cells lining Lieberkiihn's follicles, 
and then, entering the lymphatics, make their way through the 
muscularis mucosae into the submucosa, where they live and feed 
upon the tissue cells, red cells, and perhaps leucocytes. They, 
however, invade not merely the tissue of the submucosa, but also 
the radicles of the portal vein, and at times the branches of the 
mesenteric arteries, in which they may cause thrombosis. From 
the radicles of the portal vein they may be carried to the liver, and 
cause hepatitis and hepatic abscess. 

In the submucosa they induce cellular and oedematous infiltra- 
tions, which cause the mucosa to project in the form of small 
elevations, which generally show a minute blackish point or slough 
at the summit. This slough is cast off, and a small ulcer is formed, 
which rapidly deepens until it extends into the submucosa. These 
ulcers become infected with bacteria, and quickly extend by the joint 
action of the bacteria and the amoebie, forming roundish or oval 
ulcers with undermined edges; in the latter case the long axis of 
the ulcer lies transverse to the direction of the bowel. These ulcers 
may deepen until the muscular and the peritoneal coats are exposed, 
and even perforated, which, of com se, leads to peritonitis or abscess 
formation, according to the position of the perforation. 

Amoebic dysentery would appear to undergo in many cases no 
spontaneous cure, but may at times remain quiescent, forming a 
type of latent amoebic dysentery, which may be found accidentally 
while performing an autopsy. When the ulcers heal, which they 
do by the formation of connective tissue, a distinct scar is formed, 
which is often black in colour from the action of the sulphuretted 
hydrogen of the bowel upon the iron of the blood. When cica- 
trization takes place, the lumen of the bowel may be constricted, 
causing stenosis and obstinate constipation. Peritonitic adhesions 
are also very common, binding the large bowel to the viscera or 
walls of the abdomen and pelvis. 

Sometimes, when the infection is severe, the bowel becomes 
gangrenous; at other times the amoebae may be carried to the liver 
or other parts of the body, and form abscesses, which, though most 
commonly met with in the liver, may still occur in the spleen, the 
salivary glands, and elsewhere. 

Morbid Anatomy. — Usually the body of a person dying from 
amoebic dysentery is emaciated, and the abdomen is sunken. 
Rigor mortis begins, and passes off early, and decomposition sets 
in quickly. On opening the abdomen, it is noticed that the tissues 
are dry, and that a peculiar odour is perceived; the omentum may 
be normal or congested, and may or may not be adherent. The coils 
of the small intestines are usually normal, but may be congested. 
The large intestine is generally contracted and thickened, but may 
be gangrenous in places or along its entire length. There may be 
perforation and purulent peritonitis. The mesocolon may be 
congested and oedematous, or thin and fibrous, and adhesions to 
various organs may be noted. The mesocolic glands are usually 
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enlarged and hyperaemic. The colon may be found adherent to 
the liver, the spleen, or the wall of the pelvis, while internally the 
mucosa will be found to be reddened and inflamed, and to show 
more or less numerous areas of ulceration and infiltration. These 
areas are most commonly found in the caecum, the hepatic flexure, 
and the sigmoid colon, but may occur anywhere along the course 
of the large intestine. In places small nodules surrounded by a ring 
of dilated vessels may be observed, between which the mucosa may 
or may not be normal, while the nodules may show superficial or 
deep ulceration. Deeper circular or oval ulcers may be uoted with 
their surface covered with a dark reddish slough, their edges under- 



Fig. 762. — The Colon in a Case of Amcebic Dysentery, 

mined, and their base formed by the muscular coats. In the case 
of the oval ulcers, the longer diameter lies transverse to the long 
diameter of the bowel, as a rule. The peritoneal coat may be 
normal, inflamed, or softened and gangrenous. Usually the mus- 
cular coat is thickened, as are the remains of the submucosa. 
Scrapings from these ulcers reveal blood cells, leucocytes, bacteria, 
and am(jebx. The small intestine may show small bright red 
nodules, and the Peyer’s patches may be enlarged. The vermiform 
appendix is usually normal, but occasionally may be ulcerated. 

The liver is often fatty, but may be congested and inflamed, or 
may show one or more abscesses. The pancreas is generally normal. 
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but may be cirrhotic in chronic cases. The spleen is also usually 
normal, but may contain an abscess; the kidneys often show 
signs of parenchymatous inflammation. The heart and lungs are 
generally normal, but the former may be fatty or show brown 
atrophy, and the latter, especially the right lung, may show a 
hepato-pulmonary abscess. 

Symptomatology. — The symptomatology of amoebic dysentery 
may be classified into: — 

1. Acute Type. 

2. Chronic Type. 

3. Latent Type. 

4. Mixed Type. 

I. Acute Type . — The onset is abrupt, but may occasionally be 
preceded for a few days by slight diarrhoea, alternating with con- 
stipation. Pain is felt in the lower part of the abdomen, which 
may become very severe, while the motions are attended with much 
griping and straining. These motions, which rarely exceed thirty 
per diem, contain blood and mucus, and occasionally greenish 
material, and when examined by the microscope reveal leucocytes, 
mucus, Charcot -Leyden crystals, amoebae, bacteria, and at times 
shreds of tissue. 

The tongue is moist, and often coated with a white fur, and there 
is usually anorexia, and there may be nausea and vomiting, while 
digestion is usually much impaired. The abdomen is sunken, the 
liver and spleen normal, but tenderness is felt on pressure along the 
whole or a part of the large bowel. 

The examination of the heart and lungs reveals, as a rule, no 
abnormality, but the pulse and respirations are quickened. The 
microscopical examination of the blood usually shows that the red 
cells are diminished, and sometimes that there is leucocytosis 
(upwards of 20,000 per cubic millimetre), and at times, as first 
pointed out by Billet, the number of eosinophiles is distinctly 
increased, even when there is no concomitant helminthiasis. 

The urine is diminished in quantity, and sometimes contains 
albumen and casts; but the skin is generally normal, though there 
is often some fever of a remittent type, which, however, may be 
entirely absent. 

When the temperature fallsto normal, and the pain and tenderness 
abate, these may be favourable signs, or may be merely a prelude 
to a gangrenous complication or a haemorrhage. If recovery is to 
take place, the motions become less frequent and more faeculent, and 
contain less blood and mucus, and gradually improve until normal 
motions are passed. If death takes place, which usually happens 
about the end of the first week, and ten days from the commence- 
ment, it is generally caused by exhaustion, or much more rarely by 
perforation and peritonitis or haemorrhage. 

2. Chronic Type, — This may follow an acute attack, or, in many 
cases, may begin quite insidiously, the symptoms being merely 
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those of diarrhoea, associated at times with abdominal pain and the 
passage of faeculent motions mixed with mucus and sometimes 
streaked with blood, while in the intervals between these exacerba- 
tions there may be constipation. An exacerbation is usually 
ushered in by pain in the abdomen, slight fever, griping, and 
tenesmus, and passage of blood and mucus in the motions, while 
the faeces contain small greyish masses, in which the amoebae may 
be found. The number of motions per diem is not excessive, and 
may be only twelve to fourteen. Usually they are passed somewhat 
more frequently at night than in the day. Gangrenous complica- 
tions may, however, occur at any time in the course of an exacerba- 
tion, or, indeed, during any stage of this type, when large sloughs, 
smelling offensively, may be passed with the motions. Chronic 
dysentery may persist for years, and cause the patient to slowly 
emaciate. The blood, as shown by Chalmers and Archibald, often 
shows an increase in the large mononuclears. 



Fig. 763. — Temperature Chart of a Case of Amcebic Dysentery 

COMPLICATED BY HEPATITIS. 


3. Latent Type . — We have several times met with cases in which, 
though dysenteric symptoms were absent, still, amoebae were present 
in the motions, and others in which dysenteric ulcers were only dis- 
covered accidentally on post-mortem examination, the death being 
due to other causes. This latent condition is important, as it can 
easily lead to an acute attack or to liver abscess, and no doubt these 
‘ ent amoebic carriers,' as has been noted by Martini, Vincent, and 
others, are a source of the dissemination of the infection. 

4. Mixed Type . — These are cases in which there is a mixed in- 
fection of Loeschia hist( lytica and the Shiga-Kruse bacillus. 
Usually in these cases the motions are numerous from the first, and 
there is considerable fever, nausea, vomiting, and great constitu- 
tional disturbance. The motions are apt to be very offensive, and 
to contain sloughs, indicating a gangrenous condition of the bowel. 
Exhaustion may come on early, and the patient may die delirious 
or comatose, or, more rarely, from peritonitis, with or without per- 
foration. More rarely improvement sets in, and the disease becomes 
chronic. 




THE DYSENTERIES 


i;«32 

Am<Bbic Fever or General Amoeblasis.— This term has been applied 
to certain cases of Z. histolytica infections in which there is fever, but 
no dysenteric symptoms and no sign of hepatitis. A few cysts are 
generally found in the stools, and emetine induces a prompt dis- 
appearance of the fever. 

Complications. — The most usual complication is hepatitis and 
hepatic abscess; more rarely gangrene of the bowel and peritonitis 
may supervene during an attack; while haemorrhage is a most 
unusual complication. The hepatitis is recognized by the tender- 
ness in the right hypochondrium and by the rise in the temperature, 
but it and the hepatic abscess will be discussed in a subsequent 
chapter. In Ceylon we have observed cases of mixed infection, 
dysentery and enteric, the two infections developing apparently 
contemporaneously. 

Sequelae. — The important sequel to an attack of amoebic dysen- 
tery is liver abscess, but abscesses in other parts of the body such 
as the spleen may be met with. Stenosis of the sigmoid colon, due 
to cicatrization of the healing ulcers, is well known, and will be 
dealt with under the heading of Bacterial Dysentery. Sprue is 
often said to be a sequel of dysentery, but this must be considered 
to be doubtful. Certain authors have described a persistent 
bradycardia. 

Diagnosis. — The diagnosis between bacterial and amoebic dysen- 
tery by clinical phenomena only is, in our opinion, impossible in 
most cases, though several observers have attempted to define 
some differential points. These authors state that amoebic 
dysentery is to be distinguished from bacillary dysentery by its 
chronic course, its rare pyrexia, and the absence of toxic 
symptoms, while it is often followed by liver abscess. Apart from 
the last feature, the other so-called differential signs have, in 
our experience, no importance, as we have come across ex- 
tremely acute cases of amoebic dysentery with fever and toxic 
symptoms. 

The only certain method of diagnosis is by the discovery of 
Loeschia histolytica in the stools, and this should be done by picking 
out and examining any mucus which may be seen. It is of practical 
importance to distinguish between Z. histolytica and the harmless 
Z. coli, and this differentiation may at times be difficult. The former 
is often larger, and possesses an ectoplasm, which is easily differ- 
entiated from the endoplasm; it is more actively motile than 
Z. coli, and often contains erythrocytes, which is the most important 
character. The nucleus of Z. histolytica is eccentric, small, and 
generally indistinct, does not stain deeply, and has very little 
chromatin (see p. 313). 

In order to expedite the diagnosis the French method is to add 
a drop of a I per cent, solution of methylene blue to the mucus 
before placing on the coverslip, when the pus and epithelial cells 
will be stained, and the amoebae more easily recognized as unstained, 
clear objects. 
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The diagnosis of latent cases and of carriers is based on the finding 
of the characteristijp histolytica cysts containing four nuclei. It is 
important to note that cysts are not often seen during the acute 
attacks with blood and muco-pus. 

In the search for cysts, only a small quantity of material should be used 
well diluted with saline. The addition of a little iodine solution is useful, as 
it makes the nuclei more visible. Dead cysts are easily stained by eosin, 
while live ones are not. 

Cysts of Loeschia histolytica have to be differentiated principally from cysts 
of L. coli, Vahlkamfia nana, amcnbae of Limax type, Chilomastix, Lamblia, and 
from the structures known as Blasiocystis hominis. The characters of all 
these cysts have been given in detail in Chapters XVII. and XVIII. For 
diagnostic purposes it is sufficient to remember the following: — 

I. Cysts of L. histolytica in fresh preparations from stools mixed with salt . 

solution appear as spherical, greenish, very retractile bodies 10-14 microns 
in diameter, containing four nuclei (at times two) and one or two highly 
refractile homogeneous rods known as chromidial bodies. Several vacuoles 
may be present. Dobell and others have called attention to the fact that the 
size may vary a great deal, there being races of histolytica {minuta type) 
giving rise to much smaller cysts, 7 to 9 microns, and others to much larger, 
ones, 12 to 20 microns. , tl 

II . Cysts of L . coli vary between 1 5 and 20 microns, are rarely larger, occasiotN 
ally smaller. They are clear spherical bodies of sharp outline, less refractile 
than those of L. histolytica. They contain 8 nuclei, which appear as faint 
granular rings with a central dot (karyosome). Often only one vacuole. 

III. Cysts of Vahlkamfia nana are oval or spherical structures 7 to 9 inicrons 
in diameter, with one, two, or four nuclei, very rarely eight; in addition, a 
variable number of highly refringent granules and sometimes a large dull 
inclusion (glycogen). There is absence of chromidial bodies, and this dis- 
tinguishes the cyst at once from the small ones of L. histolytica . 

IV. Cysts of amoebae of Limax type are found in stale stools, are always 
small, uninucleated, and often have a thick wall of brownish colour. 

V. Cysts of Chilomastix mesnili are often lemon-shaped, and are charac- 
terized by the presence of the chromatic rod (parabasal). 

VI. Cysts of Giardia intesiinalis are easily recognized by their egg-shaped 
appearance; they are about 14 microns in length and very transparent, so 
that the lamblia can be seen within it with the characteristic central paired 
rod-like structure in which originate the four pairs of flagelli. 

VII. Cysts of Oicomonas, Bodo, Prowazekia are very small, spherical, 
6-8 microns in diameter, uninucleated, very similar to those of Amceha limax ^ 
but the wall is not so thick nor of brownish colour, and the outline is more 
regular. Sometimes, however, it is impossible to distinguish these cysts from 
those of Amceha limax. They can always be differentiated, however, from 
those of L. histolytica, as they are very small and uninucleated. 

VIII. The structures known as Blastocystis hominis — considered by some 
authors to be vegetal organisms — are more or less spherical, 5 to 15 microns 
in diameter, with a more delicate capsule than the cysts of Loeschiae, and 
contain a very large vacuole, which reduces the cytoplasm to a narrow rim 
at one pole or both poles of the cyst. 

IX. Iodine cysts (I-cysts). These structures, described by Wenyon and 
O'Connor, arc generally roundish or oval, varying between 6 and 16 microns 
in diameter, and show frequently a iodophilic body, which tends to be 
rounded or lobed. 

To facilitate the detection of cysts when these are in very small 
numbers various methods have been suggested, though in practice, 
as shown by Miss Porter, such methods take a great deal of time, and 
the results are not much better than those obtained by the simme 
immediate microscopical examination of several preparations. It 
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is of advantage to give the patient a saline purge, and then one of 
the so-called enrichment methods of Cropper and others may be 
used: about i gramme of fsecal matter is mixed with 30 c.c. of salt 
solution in a conical glass, and ether added in the amount of about 
10 to 20 per cent. The cysts are generally found in the supernatant 
fluid, and may be collected by centrifuging it. 

Cysts maintain all their morphological characters for a very long 
period in faecal matter mixed with a formalin solution (2 per cent.). 

The presence in dysenteric stools of Charcot-Leyden crystals, as emphasized 
by Acton, points to the condition being of amoebic origin rather than bacterial, 
especially if there is scanty cellular exudate with preponderance of mono- 
nuclears. 

Prognosis. — The prognosis in a case of amoebic dysentery must 
always be guarded, as there is the possibility of hepatic abscess 
as sequela of the mildest case, and the cure induced by emetine and 
ipecacuanha, though striking, is often merely clinical, complete 
sterilization not being attained. The prognosis is worst in the 
gangrenous cases, better in the acute, and still better in the mild 
chronic cases, but the danger of latency after an apparent cure 
must be remembered. In the acute type hiccough is an un- 
favourable sign, often indicating the approach of exhaustion and 
death. 

Treatment. — It is of the utmost importance that the patient 
should be placed at rest in bed. For the same purpose the urine 
bottle and the bed-pan must be used. It is advisable to relieve the 
severe griping and straining by either a hypodermic injection of 
morphia or by small cnemata of 40 minims of laudanum in i ounce 
of mucilage of starch, or by using a morphia (gr. ij), or codeine 
(gr. 1 ) suppository. 

At first the bowels should be swept clean by a dose of castor oil 
(7)iv. to 3vi.), with or without a few minims of liquor opii sedativus, 
or a few doses of saline may be given during the first twenty-four 
hours (see Bacillary Dysentery). After the castor oil has acted, or 
simultaneously, the emetine treatment should be begun. One-third 
to half a grain of emetine hydrochloride, dissolved in sterile normal 
saline solution, should be administered as a hypodermic injection 
two or three times a day for several days. Emetine hydrobromide 
may also be used in the same dosage, but it is not quite so soluble. 
These drugs may be obtained in sterile tubes ready for injection. 
We have never seen any bad effects on the heart from the adminis- 
tration of emetine, but we have met with cases of dermatitis prob- 
ably due thereto, while Dale and Low have noted diarrhoea after 
prolonged administration. 

A combined subcutaneous and oral administration of emetine as recom- 
mended by Wenyon and O’Connor (one grain emetin by injection in the 
morning and a | grain emetine tablet at night) answers well, especially in 
subacute and chronic cases, and in carriers. 

If emetine cannot be obtained, then ipecacuanha should be administered 
in 5-grain doses every three or six hours, or in larger doses (gr. x. to xx.) twice 
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daily, given either in the form of ‘ membroids ' or as pills coated with salol 
varnish or keratin. Our experiments in vitro tend to show that membroids 
and salol varnish do not dissolve freely in peptic juice, while they do so in 
pancreatic juice. The salol varnish was very efficient, but care must be taken’* 
that too thick a coating is not used, as it may not dissolve in pancreatic juice. 
Martindale’s method of stearin-coated pills is good. In this way the 
nauseating effects of the ipecacuanha are often avoided without diminishing 
its efficiency, which is the re.sult of using the de-emctized drug. Rarely the 
membroids and salol varnished pills may be passed unaltered in the motions, 
and in such cases ipecacuanha may be given in suspension in mucilage and 
chloroform water or in cachets or pills (gr. x. to xx. twice a day), and should 
be preceded a quarter of an hour by a dose of 15 minims of tincture of opium, 
in order to prevent the possible vomiting. 

With regard to ipecacuanha, it is of great importance to use the best Brazilian, 
wliich should contain 72 per cent, of emetine (methyl-cephaeline) in its total 
alkaloids, the other alkaloids being cephaeline 26 per cent., and psychotrine 
2 per cent.; on the other hand, Carthagena ipecacuanha contains cephaeline 
57 per cent, and emetine only 40 per cent. The powdered ipecacuanha should 
have an alkaloidal strength of 2 per cent. 

Emetine and bismuth iodide has been introduced by Dale, and its 
efficacy has been confirmed by Low and Dobell and numerous 
other observers, including ourselves. It is especially useful in the 
treatment of carriers, inducing at times a complete disappearance of 
the cysts. It is useful also in amcebic hepatitis and general amoebia- 
sis. It is given in gelatine capsules, one capsule containing gr. iii., 
at night for two or three weeks, or salol-coated tablets may be 
used. A shorter course seldom induces a cure. Not rarely the 
drug produces nausea and at times actual vomiting; in such cases 
the same precautions may be taken as when giving ipecacuanha. 

When the acute symptoms have passed away, intestinal irriga- 
tions are useful, and should be administered every other day, or 
once or twice daily. We generally use a solution of tannic acid 
(3 to 5 in 1,000), or a solution of the bihydrochloride of quinine in 
varying strength from i in 5,000 to i in 750. About | to 3 pints 
should be very slowly injected by gravity from a glass douche 
vessel by means of a long soft rectal tube well greased with boric 
vaseline. This injection may be preceded by a cocaine or morphine 
(gr. J) suppository introduced half an hour previously. 

Other substances used for rectal irrigations are: — Acetozone (i in 2,000); 
alphozonc (i in 2,000); argentum nitras (i in 2,000 or i in 1,000), useful in 
some very chronic cases; protargol (i in 500). Creosote is recommended by 
Zanardini, and may be used by injecting 2 pints of i in 300 or i pint of i in 
TOO. The injection, however, may be followed by symptoms of absorption — 
e.g., dyspnwa and faintness. A solution of sodium hypochlorite may be 
used, 2 pints of 8 to 12 in i.ooo being recommended by Vincent once or 
twice a day, which is also useful for amoebic carriers. 

In gangrenous dysentery the only chance of saving the life of the patient 
is to perform the operation of appendicostomy, and irrigate the whole lower 
bowel with quinine lotion (i in 1,000) or collargol (i in 500). The details of 
this operation are given under the heading Bacterial Dysenteries. 

With regard to the treatment of symptoms, the most irnportant 
is the relief of pain by hypodermic injections of morphia or by 
fomentations sprinkled with opium and applied to the abdomen. 
As the case progresses favourably, a bismuth mixture or tannalbin 
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in cachets (gr. xx. every two to four hours) may be given, while the 
irrigation may be diminished and stopped, and finally a tonic may 
.';be prescribed. 

We are strongly of opinion that the ipecacuanha or the emetine should 
continue to be given in smaller doses long after the dysenteric symptoms have 
disappeared, in order to prevent relapses, and possibly also the development 
of a liver abscess, which is the most dangerous sequel. Among the other 
drugs which have been recommended in the treatment of amoebic dysentery 
are Simaruba officinalis and the so-called Kho-sam powder. 

The former is recommended by Manson to be used as a decoction which is 
prepared by taking simaruba bark, pomegranate fruit-rind, and gum arabic, 
1 5 grammes of each, and placing in a litre of warm water, which is boiled till 
reduced to half its bulk, and of this decoction i ounce is taken three or four 
times a day. Shepherd and Lillie have cured, using preparations of chaparro 
or simaruba, 34 cases out of 80 cases of Loeschial carriers, refractory to emetine. 

Nixon and Sellards and Mclver have had good results by using preparations 
of Castela, a genus of the Simarubaceae. 

The Kho-sam powder is derived from the berries of Brucia antidys- 
enterica and B. sumatrana, which grow in Indo-China. It is administered 
in pill form, i grain being given two to four times a day. Cinnamon has been 
often used in the past, and the compound extract of garcinia known also by the 
trade name of amibiasine is praised by several authors. 

If cicatrization of the colon results with stenosis, then sigmoid- 
oscopy must be performed, and the condition treated as described 
under Bacterial Dysentery. Liver abscess is considered separately. 
Abscesses in other parts of the body — e,g., the spleen — are rarely 
met with, though it is possible that some of the inexplicable deep- 
seated abscesses may have their causation in amoebae. 

The Met should be the same as that to be described presently 
under the heading Bacterial Dysentery. During convalescence the 
food must be slowly and carefully increased, no acid or very warm 
substances being allowed. 

Prophylaxis. — The prophylaxis consists in the drinking of only 
boiled and filtered water, and the avoidance of salads and uncooked 
vegetables and the prevention of fly infestation of food. 

Stools of dysentery patients and carriers should be disinfected 
with cresol, i in 10. 

Amoebae, probably non-parasitic, were shown to exist in the 
drinking-water in Manila, and it was found that copper sulphate 
and filter-beds were useless. The only safeguard was to sterilize 
the water by boiling. 

(h) Laveranic Dysentery. 

Definition. — An acute enteritis and colitis caused by Laverania malaria 
Laveran, and characterized by high fever, associated with the passage of 
frequent motions containing blood and mucus. 

Symptomatology. — The attack usually begins suddenly, with high fever, 
great distress, and prostration. The tongue is coated, the abdomen tender, 
and many motions are passed containing blood and mucus. The spleen may 
or may not be palpable. Unless correctly treated, the condition becomes 
serious, and rapidly leads to the death of the patient. 

Diagnosis. — The routine examination of the blood in all cases of tropical 
disease will prevent mistakes being made, as the presence of numerous sub- 
tertian parasites in the blood, with absence of amoebae and dysenteric bacilli 
in the stools, will reveal the nature of the complaint. It should be kept in 
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mind, however, that most cases of dysenteric colitis in malarial patients are, 
in reality, of amoebic and bacillary origin, and not of Laveranic or^in. 

Treatment, — Quinine should be given in large doses, best by intramuscular 
injection, and the intestinal symptoms first treated with castor oil or salines^, 
and then with astringents, such as bismuth subnitrate, tannalbin, and salol. 

{c) Leishmanio Dysentery. 

Definition. — An acute enteritis and colitis caused by Leishmania donovani 
Laveran and Mesnil, and characterized by the passage of blood and mucus in 
the motions. 

Symptomatology and Treatment. — As already mentioned in the chapter 
on Kala-Azar, dysenteric symptoms closely allied to true dysentery may 
a,ppear during the course of that disease, and must be treated on the same 
lines as those laid down for the treatment of kala-azar, together with sympto- 
matic treatment as indicated above. The diagnosis is based on the presence 
of Leishmanic bodies in the spleen or liver and absence of amr^cbae and dysente^ 
bacilli in the stools. True bacterial or amoebic dysentery is far from rare in 
cases of kala-azar. 

{d) Ciliar Dysenteries. 

One variety of the ciliar dysenteries may be briefly described — 
viz., that caused hy Balantidium voli M'^lmsten. Other less known 
causes diveColpoda cucullus Schutz, Balantidium minutum Schaudinn, 
Nyctotherus faba Schaudinn, Nyctotherus giganteus P. Krause. 
Other possible causes are Uronema caudatum Dujardin, Balantidium 
italicum Saiigiorgi and Ugdulena, and Nyctotherus africanus 
Castellani. For description of these parasites see p. 544. 


{e) Balantidic Dysentery. 

Definition. — ‘An acute or chronic ulceration of the large intestine 
caused hy Balantidium coli Malmsten, 1857. 

History. — Leeuwenhoek originally discovered the parasite 
tidium coli, but Mahnsten described and named it. The latter 
observer found it in the motions 


of a rnan suffering alternately 
from diarrhoea and constipation. 
Other cases have been recorded 
by Stieda, Henschen, Treille, 
Graziadei, Railliet, Blanchard, 
Collmann, Strong, Bowman, 
Manlove, Mason, and others. 

Climatology. — ^The disease is 
known to occur in man in the 
Philippine Islands, Japan, and 
Europe, while the parasite is 
said to be constantly found in 
pigs. We have seen a case in 



Fig. 763 a. — Balantidium Coli in 
Human Faeces (x 520 Diameters). 

(Photomicrograph.) 


Ceylon. 

^Etiology. — The cause of the disease isBalantidium coli Malmsten, 
which may be different from the parasite found in pigs (for descrip- 


tion of the parasite see Chapter XVIII., p. 547)* 

Pathology. — The method of infection is unknown. The parasite 
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appears to enter the mucosa, in which it wanders, causing an in- 
flammatory reaction and ulceration. 

Morbid Anatomy. — This has been investigated principally by 
Strong. The intestine may show a diphtheritic false membrane, 
with often deep burrowing ulcers in the rectum and colon indis- 
tinguishable from those of amoebic dysentery. On microscopical 
examination the parasites can be found in the mucosa surrounded 
bs^ a round-celled infiltration, and several observers have noted a 
marked eosinophilia of the intestinal wall. 

Symptomatology. — The disease is insidious in its onset, being 
marked by attacks of diarrhoea, alternating with constipation and 
vomiting, with anorexia and at times the passage of blood and 
muco-pus in the motions. Q^dema of the face and limbs may set 
in, and death result from exhaustion. 

In our patient, a little native girl, there was rather high fever, 
with persistent diarrha^a, great wasting, and severe anaemia. No 
blood in the motions. The Balantidia, which were abundant, were 
associated with numerous Trichomonaia and Oicomonas ; moreover, 
the patient harboured various worms, ova of Ancylostoma duodenale, 
Ascaris lumbricoides, and Trichuris irichiura being present. Some 
of the symptoms may have been caused by these parasites. 

Complications. — The parasite may enter the liver and form cysts. 
It may be associated with other parasites — AmcehcB, Trichomonaia, 
Oicomonata, etc. 

Treatment. — The symptomatic treatment laid down for amoebic 
dysentery may be tried, beginning with castor oil or salines, and 
followed by intestinal irrigations of tannic and boric acids or 
quinine. Ipecacuanha and emetine may be administered as de- 
scribed for am(^bic dysentery. Large rectal injections of a solution 
of methylene blue (i in 3,000), combined with the internal adminis- 
tration of tlie sam<T drug in 1 or 2 grain doses in cachets or pills, may 
also be tried. Oil of chenopodiuin has been recommended. 

Some authorities give Salvarsau, by intravenous injection. 

Prophylaxis. — It is not certain that the parasite found in the pig 
is the same as the human parasite, and, further, the method of in- 
fection being quite unknown, no useful remarks can be made with 
regard to prophylaxis. 

(/) Spirochatic Dysentery. 

This type of dysentery was first described by Le Dantec. It has not been 
generally accepted, as spirochaetes may be found in cases of typical bacterial 
and amoebic dysentery and even in normal stools in which Spiro schaudinnia 
eugyrata Werner, emendavit Faritliam, is commonly met with. It is very 
probable, however, in our opinion, that there may be pathogenic intestinal 
spirochaetes capable of giving rise to dysenteric symptoms. In a case observed 
by one of us preparations from the muco-pus were teeming with spirochaetes, 
while amoebae and ciliates were absent, and the further bacteriological ex- 
amination showed absence of dysentery bacilli. Emetine and serum treat- 
ment had no effect, and the patient made a very slow recovery. 

Remarks. — A mistake not rarely made is to recognize as spirochaetes the un- 
dulating forms of a germ found by Castellani in Ceylon, and described by him 
in 1910, under the term of Spirillum [Vibrio, Vibrioihrix, Spirobacillus) 
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zeylanicum, in the Philippine Journal of Science, vol. v., No. 2, Section B, 
' Medical Sciences,' July, 1910. 

The generic classification of this germ is most difficult, as it is extremely 
polymorphic, the same preparation showing bacillary, vibrionic, undulaving 
forms. 

At times coccus-like and also fairly large spherical bodies are seen and 
claviform swellings, and Castellani has recently created a new genus for it, 
vibviothrix, the name of the organism becoming, therefore, Vibriothrix zeylantca 
Castellani, 1910. This germ is found also in Europe, as recently shown by 
Castellani, Spagnuolo and Russo, by Taylor, Ghiron, and by Douglas. 

Morphology . — The best way to see the characteristics of the germ is to 
make a preparation from the water of condensation of a glucose agar tube 
inoculated with it. In the same preparation forms so different in shape 
may be met with, that one might think one had to deal with two or more 
organisms living in symbiosis, but by plating and replating one never succeeds 
in separating the various forms. Long undulating forms inay be present 20 
to 40 microns in length, and also numerous short vibrio like and bacillary 



Fic;. 764. — Vibriothrix zeylanica Fic;. 765. — V ibriothrix zeylanica 

(Castktxani, 1910). (Castellani, 1910). 

(Vibrio-like forms from a culture.) (Forms from the pellicle in a culture.) 

forms, and in preparations from the pellicle which forms in certain media, 
curved filaments may be found with claviform swellings, and also globular 
small bodies. 

The germ is easily stained by the usual aniline dyes. It is Gram-negative, 

Motility . — The germ is motile. 

Cultural and Biochemical Char act ers.—Ow MacConkey, Endo, and Drigalski- 
Conradi plates the colonics are similar to those of the germs of the typhoid 
dysentery group, the organism being a non-lactose fermenter. The micro- 
organism grows well on all the usual laboratory media, in the water of condensa- 
tion of glucose agar tubes producing a rather characteristic pellicle. It often 
produces a pellicle also in broth and several sugar media. It produces neither 
acidity nor gas in any of the usual carbohydrates — lactose, glucose, levulose, 
galactose, saccharose, dulcite, mannite, maltose, dextrin, raffinose, arabinose, 
adonite, inulin; on the contrary, there is often production of alkalinity. 

Most strains are non-pathogenic to rabbits and guinea-pigs when inoculated 
subcutaneously, but there are exceptions. 
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(g) Entoplasmic Dysentery. 

In two cases of dysentery contracted apparently in Burma, Castellani 
observed peculiar protozoal bodies, while amoebae and dysentery bacilli were 
absent. In fresh preparations one sees large rather elongated or oval bodies 
with one extremity, the one which in stained preparations appears mammillary, 
shaken, sq to speak, by an extremely frequent vibrating movement, which 
makes one suspect the presence of flagella or cilia, or an undulating membrane. 
No such structures, however, can be detected either in fresh preparations or in 
slides stained with the usual methods, such as Giemsa, iron- — haematoxylin, etc. 

The protoplasm presents numerous roundish vacuoles, none of which is 
contractile. No distinct nucleus is evident in fresh preparations. The parasite 
does not emit true pseudopodia, but changes in the shape of the body take place. 

Stained Preparations. — The typical forms have a peculiar flask-like appear- 
ance, but round forms are also found, the maximum diameter varying between 
45 and 80 microns. In preparations stained with Leishman the protoplasm 
is stained blue and presents numerous non-stained roundish vacuoles regularly 
distributed all over. In certain individuals a large mass of chromatoid 
roundish coccoid granules are present, which represent, according to Mesnil, a 
diffuse nucleus. In one specimen the granules were bacillary in shape. In 
none of the bodies were flagella, cilia, or evidence of any undulating 
membrane seen by Castellani, Mesnil or any protozoologist to whom the 

specimens were submitted. It may 
be, of course, that such organs were 
of such extremely delicate nature that 
they required the use of special methods 
to put them in evidence. 

Zoological Position of the Parasite. — 
It is impossible to classify this parasite, 
which, for convenience’ sake, might 
be maintained in the temporary genus 
Entoplasma, until further researches 
render possible its proper classifica- 
tion. The suggestion has been made 
that these bodies are probably forms 
of Chilomastix mesnili Wenyon, but 
the size of the bodies apart from other 
characters is evidently against this 
hypothesis. 

Symptomatology. — This was identical 
to what one sees in a case of amoebic 
or bacterial dysentery of medium 
gravity, the stools containing blood 
and mucus. 

Treatment.-- Salines were adminivStered with good effects. Emetine was 
also given, but it is difficult to say whether it had any part in inducing the 
cure of the condition. 

II. THE PLATYHELMINTHIC DYSENTERIES. 

Fasciolopsis huski, Schistosoma japonicum, and 5 . mansoni cause dysen- 
teric symptoms, which can only be diagnosed by the discovery of the eggs in 
the motions. The symptoms produced by the latter worms are described in 
detail in Chapter LXXIX. (p. 1864), while those of the former still require 
detailed investigation. 

III. THE NEMATHELMINTHIC DYSENTERIES. 

Nemathelnunthic dysentery is due to the sclerostome {(Esophagostomum 
brumpti Raillietand Henry, 1905), immature females of which were found by 
Brumpt in cyst-like nodules in the caecum and colon of a negro in West Africa. 
Similar symptoms are caused by (Es. stephanostomum var. ihomasi Railliet 
and Henry, 1909, discovered in South America by Thomas (see p. 661). 



Fig. 760. — Entoplasma castellanii 
Paul, 1914. 



DYSENTERIES CAUSED BY BACTERIA 


i§4i 


IV. THE ARTHROPODIC DYSENTERIES. 

We have already drawn attention to the fact that diarrhoeas and dysenteries 
may be caused by the presence of species of the Chilopoda and Diplopoda, 
and by the larvae of flies in the intestine, but these are rare, and are sufficiently 
described in Chapters XXVIII. and LXVII. 


B. DYSENTERIES CAUSED BY BACTERIA. 

The Bacillary Dysenteries. 

Synonyms. — French : Dysenterie Bacilkure. Italian : Dissenteria 
Bact erica. German : Bacillenruhr, 

Definition. — The bacillary dysenteries are acute or chronic, 
endemic or epidemic, specific intestinal disorders caused by several 
varieties of bacteria, which arc disseminated largely by means of 
the fiecal matter of dysentery carriers, as well as by that of persons 
suffering from these disorders. From the sources of infection the 
germs are conveyed to food or drink by the agency of flies, dust, sur- 
face water, and by direct contact with any contaminated substance. 
Infection usually takes place by the consumption of contaminated 
food or drink, more rarely by direct contact with contaminated 
substances. In the body the micro-organisms cause a specific 
inflammation of the large, and occasionally also of tlie small, intes- 
tine, which is characterized by diarrhoea, usually accompanied by 
pain, tenesmus, and the passage of blood and mucus in the motions. 
More rarely the bacilli cause a general septicaemia. 

History,— For years the theory of a bacterial causation for 
dysentery found many supporters, among whom may be mentioned 
Klebs, Prior, Ziegler, Hlava, Chantemesse, Widal, and Grigoriew, 
all of whom attempted to isolate a specific organism. 

Maggiora, Laveran, Arnaud, and Escherich believed that the 
Bacillus coli communis was the true cause, while Celli described as 
the cause of the disease a bacillus fermenting glucose and clotting 
milk, which he called the Bacillus coli dysentericus ; but according 
to his more recent description some strains produce very little or 
no gas in glucose media, and may not clot milk, and closely resemble 
Flexner's bacillus. 

During an epidemic in the province of Oita, in Japan, Ogata 
isolated a bacillus which liquefied gelatine, stained by Gram’s 
method, and produced intestinal ulcers in guinea-pigs and cats, a 
discovery which was confirmed by Vivaldi of Padua, but not by 
other observers. 

In the same year Calmette announced that the Bacillus pyo- 
cyaneus was a cause of dysentery in Cochin China, an observation 
since confirmed by Lartigaii in the United States, Adami in Canada, 
and others, but not generally accepted. 

The elucidation of the aetiology of bacillary dysentery is due to 
the investigations of Shiga in Japan and Kruse in Germany during 
the years 1898-1900. They described as the cause of the malady 
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a short bacillus, not decolourized by Gram, not clotting milk, not 
producing gas in any sugar media. There was at first some differ- 
ence of opinion as regards motility, but Kruse’s statement that the 
bacillus was always non-motile has been proved to be correct. 
Kruse was also the first observer to state that there was more 
than one variety of dysenteric bacilli. 

In 1900 Flexner reported that he had isolated a moderately 
motile bacillus from cases of dysentery in Manila identical with 
Shiga’s bacillus, and producing a severe muco-haemorrhagic diarrhoea 
in a human being who was the victim of an accidental laboratory 
infection. This bacillus was later demonstrated to be non-motile, 
and to differ in several respects from Shiga’s bacillus, notably in 
fermenting certain sugar media, and could be distinguished there- 
from by the different biological tests. These results have been 
frequently confirmed by observers in different parts of the world. 
Strong isolated a bacillus slightly different from that of Flexner, 
also from cases in Manila. 

In 1903 Hiss and Russell separated a bacillus which closely 
resembles Flexner’s bacillus, but fails to ferment maltose. This 
bacillus is often called the Y bacillus. In 1904 Castellani isolated 
a bacillus from cases in Ceylon which he named the ‘ parady sent eric 
bacillus,' and later he described the group of metadysentery bacilli. 
Several other germs have been described by various authorities, 
while Kruse, Flexner, Strong, Lucet, Conradi, and others have 
made a detailed study of the pathogenesis of the disease. 

Climatology. — Bacillary dysentery is found all over the world, 
in cold, temperate, and warm climates, but especially in the latter. 
In temperate climates the germs probably cause a type of the in- 
fantile diarrhoeas which are vSuch potent factors in the infantile 
mortality of those regions, while they arc also responsible for the 
endemic and epidemic cases so frequently met with in Europe and 
America. 

In the tropics they are also extremely common, occurring more 
frequently at the end of the dry and the beginning of the wet seasons. 
In certain regions and at certain limes the virulence of the com- 
plaint appears to be increased, the reason of which is not at present 
apparent. Probably it depends upon the greater possibility of 
infection, owing to the drinking-water being highly contaminated 
in warm weather, or perhaps to the presence of multitudes of flies. 
The agency of these or other factors has not been completely 
inquired into. Whatever the cause may be, it is well known that 
at times the disepe may spread in epidemic form over larger or 
smaller areas. These epidemics may be institutional, urban, or 
rural, or they may attack a district, a country, or a continent. 
Thus, celebrated epidemics are known to have occurred in Europe 
in 1538, 1717 - 1 ^, 1779-^3. and 1834-36. 

Dysentery is particularly prone to occur whenever sanitation 
is defective, and hence is found prevalent in lunatic asylums and 
in armies in times of active service, as is clearly shown by the present 
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war; and this factor appears to be more potent than any climato- 
logical cause, and, indeed, may be the principal reason why the 
disease is so prevalent in the tropics, though the high atmospheric 
temperature of these regions must assist the growth of the organisms. 

.etiology. — Bacillary dysentery is brought about by a group of 
closely allied bacilli which may be separated into several principal 
types according to their fermentative action on glucose, mannite, 
maltose, saccharose, lactose. 

I. Shiga-Kruse Type. — Glucose fermented (acid only) ; mannite, 
maltose, saccharose, lactose not fermented. Agglutinated only by 
homologous serum. Not agglutinated by normal horse serum. 
Very toxic to rabbits. 

II. Flexner Glucose, mannite, maltose fermented (acid 

only); saccharose not fermented, but there are exceptions; lactose 
not fermented. Agglutinated by homologous serum and Y serum, 
and not unfrequently by Shiga serum and, as shown by M. 
Nicollc, normal horse serum. Non-toxic to the rabbits. 

III. Strong Type. — Glucose, mannite, and saccharose fermented 
(acid only) ; maltose not fermented. Agglutinated by homologous 
seriim only. Most authorities consider it non-toxic, but the 
original Strong strain was very toxic to rabbits. 

IV. Hiss and Russell Type. — Glucose and mannite fermented 
(acid only) ; maltose, saccharose, lactose not fermented. Agglu- 
tinated by homologous and Flexner serums, at times by Shiga 
serum and normal horse serum. 

V. Meiadysentery (Castellani) Type. — ^Differs from all above 
groups in fermenting (slowly and acidity only) lactose in addition 
to glucose. Well agglutinated by homologous serum ; not aggluti- 
nated by Flexner and Shiga serum. Non-toxic to rabbits. 

For more details on bacteria of the dysentery group the reader is 
referred to Chapter XXXVI., p. qub. Less important types are Riiffer 
and Willmore’s Bacillus E IT or l^o. i, Baerthlein’s Bacillus dysenterice, 
Shiga’s B. dysenterice Tokio, Castellani’s Bacillus paradysentericus, etc. 

Hiss divides the dysentery bacilli into four principal groups: — 

Group i: Ferments glucose only (Shiga-Kruse bacillus). 

Group 2 : Ferments glucose and mannite {Bacillus Y) . 

Group 3 : Ferments glucose, mannite, and saccharose (Flexner - Manila 
bacillus). 

Group 4: Ferments gluco.se, mannite, saccharose, maltose, and dextrine 
(Harris's bacillus, Wollstein’s bacillus). 

Leitz, Kruse, and Shiga have called attention to the fact that while the 
fermentation of mannite is a reliable means of differentiation, not so much 
importance can be given to the fermentation of maltose, saccharose, and 
dextrine. 

■Lehman and Neumann give the following classification: — 

1. Shiga-Kruse: No fermentation of mannite, maltose, saccharose. 

2. Flexner: Ferments mannite and maltose. 

3. Strong: Ferments mannite and saccharose. 

4. B.Y.: Ferments mannite; has no action on maltose and saccharose. 

Bahr has noted that the various strains may vary their fermentative 
character when passing through flies. 
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Under the term B. pseudo-dysentericus , Kruse described a non* 
lactose fermenting bacillus which is the cause of many outbreaks of 
asylum -dysentery in Germany. Later he used the term * pseudo- 
dysentery ' to denote every variety of dysentery caused by bacilli 
other than those of the Shiga-Kruse type. 

Cclli’s B. colt dy s enter icus , according to the original description, 
is motile, clots milk, and produces gas in some sugar media, and 
therefore cannot be considered to belong to the dysentery group. 
According, however, to more recent descriptions by De Blasi and 
others, some strains of theB. coli dysentericus mdiy not produce gas, 
and may not clot milk, and closely resemble Flexner’s bacillus. 

The true dysenteric bacilli may be differentiated from one another 
by their varying fermentative actions upon carbohydrates, by 
agglutination, Pfeiffer’s reaction, and Castellani’s absorption 
method. A table showing the characters of the more important 
dysentery germs as well as other intestinal bacteria will be found 
in Chapter XXXVI., p. 944. We wish to emphasise, however, 
the fact that the biological reactions of the bacilli are much more 
reliable than the fermentative changes. 

The dysenteric bacilli are distributed mainly by the faeces of 
persons suffering from the disease, but there are also ‘ dysentery 
carriers ’ in the true sense of the word, who are perhaps not merely 
an important source of infection, but possibly the important factor 
in the dissemination of dysentery. 

Strong and Musgrave have proved that infection takes place by 
the mouth by feeding a man with pure cultures of the dysentery 
bacillus, which quickly produced an attack of dysentery, charac- 
terized by motions containing blood and mucus, from which the 
typical bacilli were grown. 

The most prevalent method of infection is direct contact with a 
patient or a carrier, or with articles or more especially food con- 
taminated by them. The bacilli are conveyed from faecal matter 
to the mouth by the contamination of food or drink, or the utensils 
for preparing or serving the same. This method of infection is prob- 
ably common in hospitals and asylums, cooks and all persons engaged 
in handling food being possible disseminators. Another method of 
dissemination would appear to be the dust, especially in places with 
badly polluted soils. Flies, as has been experimentally demon- 
strated by one of us, are capable of carrying the bacilli, and are 
therefore probably a prolific source of infection in tropical countries. 
Luckily the water-supply is very rarely infected. With regard to 
Lower animals, Kruse and Bowman have recorded spontaneous 
bacillary dysentery in monkeys, due to bacilli of the Flexner 
group, and Messer schmidt has found a bacillus of Type Y in the 
faeces of apparently healthy rabbits, so that there may be a possi- 
bility that lower animals are of importance in the spread of the 
disease. 

It would, however, appear that the bacilli are capable of living 
in the alimentary canal without causing the symptoms of the 
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disease until the vitality of the host is lowered by some agency, 
such as a chill, an attack of diarrhoea, or some intercurrent disorder, 
when they are capable of producing their ill-effects. 

This carrier problem in the aetiology of dysentery is of great 
importance, and though as yet it has never been conclusively proved 
that an outbreak has been due to a carrier, still it is known that the 
bacilli can be excreted in an intermittent manner by people suffering 
from mild relapses. The dysentery carriers are classified into — 
(i) healthy, (2) precocious, (3) convalescent, (4) relapsing, and 
(5) chronic carriers. The healthy carrier is rare, but May has 
found 22 out of 57*3 persons examined during an epidemic. The 
precocious are believed to be very rare. The convalescent and re- 
lapsing carriers are well known, of which the latter are of the greatest 
importance in spreading the disease. The chronic carrier excretes 
but few bacilli, but may be of importance in the spread of the disease. 
With regard to the geographical distribution of the principal forms 
of bacilli, it maybe stated that practically all of them seem to have 
a cosmopolitan distribution. 

^Etiological Classification of Bacterial Dysenteries. — ^An aetiological 
classification of bacterial dysenteries has been suggested as follows: — 

I. Due to B. dysenterice Shiga-Kruse — Bacterial dysentery 
sensd stricto. 

II. Due to mannite fermenting dysentery bacilli (Flexner, 
Hiss and Russell, Strong) — Paradysentery. 

III. Due to germs having the general character of the dysentery 
bacilli ; but slowly fermenting (acidity only) lactose and 
not agglutinated by Shiga-Kruse, and paradysenteric 
serums — M etadysentery. 

Pathology. — The bacilli taken into the body with food and drink 
pass to the intestine, in which they grow and multiply, and along 
the whole length of which they can be found. The researches of 
Flexner and Sweet have proved that the bacilli can abound in the 
small intestine, where no pathological lesion may be found. In 
the bowel they give rise to the toxins, of which two are known — 
one which acts upon the lower bowel, and the other on the nervous 
system. Both these toxins are absorbed into the blood, but the 
first, being excreted by the large bowel, causes the lesions well 
known to be associated with dysentery, and explains the localiza- 
tion of these lesions. In the process of excretion this toxin first 
causes an exudation of lymph into the submucosa, and later into 
the mucosa. This lymph coagulates, and is invaded by a cellular 
exudate, and in due course the glands and the tissue of the mucosa 
and the muscularis mucosae are destroyed by coagulative necrosis, 
with thrombosis of the vessels. This fibrinous or diphtheroid 
membrane is at first most marked on the summits of the ridges, 
and may not be found at the bottom between the ridges. It con- 
tains large numbers of micro-organisms of varying characters, 
while the depths of the submucosa may reveal accumulations of 



THE DYSENTERIES 


1846 

leucocytes, and the peritoneal coat may be oedematous. The 
micro-organisms destroy the fibrinous false membrane, which may 
separate off in flakes, thus causing ulcers, which are at first super- 
ficial, but later become deep and extensive. After treatment these 
ulcers heal with the formation of connective tissue, thus producing 
a scar in the mucous membrane, which in due course becomes 
pigmented from the sulphuretted hydrogen of the bowel acting on 
the iron of the blood. The other toxin may attack the nervous 
system, causing peripheral neuritis. 

Very rarely do the bacilli enter the blood stream, and cause 
true septicaemia, though such cases have been recorded by Rosen- 
thal and Markwald, the latter observer stating that he found the 
bacilli in the blood and intestinal contents of a foetus which had 
been prematurely expelled from the uterus of a mother who was 
suffering from bacillary dysentery. Darling has actually grown the 
bacillus from the blood of cases of bacterial dysentery. Occasionally 
the bacilli affect the joints and very rarely the conjunctiva. 

Morbid Anatomy. — On opening the abdomen, the peritoneum is 
found in general to be normal, but the bloodvessels of the large 
bowel are seen to be injected, and the mesocolons may be infil- 
trated with lymph, or firm and fibrinous. There may be adhesions 
of the sigmoid colon to the omentum, pelvis, bladder, or small 
intestines, while tlie splenic flexure may be adherent to the spleen 
and surrounding parts, and the hepatic flexure to the liver. The 
caecum may show adhesions to the omentum, and more rarely there 
may be periccecal abscess. Signs of a general peritonitis may be 
met with, and will generally be associated with a gangrenous or 
perforated condition of the intestine. 

The small bowel is usually normal, but may be hyperaemic or, 
much more rarely, ecchymotic. The walls of the large intestine 
are usually considerably thickened and hyperaemic, and may at 
times be found to be gangrenous along a great or lesser extent of 
their course. On opening the large bowel, the mucosa will be seen 
to be covered with a coagulated exudate in the form of a false 
membrane, which is more evident on the summits of the folds, 
and is especially well marked in the sigmoid colon, the caecum, and 
the ampulla of the rectum. Around the areas covered by the false 
membrane the mucosa is seen to be hyperaemic and oedematous. 
As a rule, numerous ulcers are also to be seen, with clean surfaces, 
elevated edges, and a base formed by the submucosa. These 
ulcers may be very extensive, leading to the separation of large 
sloughs, or may extend deeply into the coats of the bowel, causing 
perforation and peritonitis, or in less serious cases induce the 
exudation of much lymph into the peritoneum coat, which subse- 
quently causes adhesions. 

In post-mortem examinations of cases which have died from 
some other complaint it is not unusual to find the intestines matted 
together in the pelvis, the omentum adherent to the colon, and the 
colon to the bladder, etc. Qn opening such a colon it will be found 
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scarred by old dark-coloured cicatrices, indicating the position of 
the healed ulcers of a previous dysentery. More rarely the cica- 
trization may have proceeded to such an extent as to cause narrow- 
ing of the lumen of the gut, and still more rarely may the process 
lead to abscess formation in the adherent omentum, the pus of this 
abscess slowly working its way into the anterior abdominal wall, 
and so to the exterior. The caecum and other parts of the bowel 
may show polypi protruding from the mucous membrane, a con- 
dition often called ‘ colitis polyposa.* 

In the epidemic diarrhoea of infants, the lesions which may be 
found are classifiable into hyperplasia of the agminated and solitary 
glands, superficial ulcers, lesions resembling those described above, 
or invisible lesions. 



Fig. 767. — The Colon in a Case of Bacillary Dysentery. 

Microscopically, there is at first an exudation of fluid containing 
but few cells into the submucosa, while the mucosa is congested, 
but the glands are seen to be quite normal. A little later the 
exudate into the submucosa is seen to have formed fibrin, and the 
vessels of this coat are noted to be dilated, to contain numerous 
polymorphonuclear leucocytes, which may be seen undergoing 
diapedesis into the surrounding tissue. In this stage the exudate 
has also affected the mucosa, the glands and tissue of which may be 
seen to be undergoing coagulative necrosis. In a still later stage 
nothing is to be seen of the mucosa, and in bad cases of the sub- 
mucosa, except fibrinous exudate, mixed with cells and blood- 
vessels. Often, however, the submucosa shows dense collections 
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of leucocytes. Where ulcers occur, the amount of exudate covering 
the muscular coat may be thin, while in other places it may be 
thick. The peritoneum is also generally infiltrated by a coagulated 
exudate. 

Symptomatology. — ^The different appearances presented by the 
bacillary dysenteries may be grouped into: — 

1. The acute type. 

2. The gangrenous type. 

3. The entero-dysentcric type. 

4. Choleraic dysentery. 

5. Chronic dysentery. 

6. Dysenteric diarrhoea. 

7. Dysenteric infantile diarrhoea. 

I. A cute Bacterial Dysentery. — The incubation varies from twenty- 
four hours to three or four days, and is not well known in natural 
infections. Usually after an incubation of a few days, during which 
the patient may not feel quite well, and may complain of constipa- 
tion or diarrhoea, with loss of appetite and malaise, the disease 
begins with an attack of pain in the lower part of the abdomen, 
and an urgent desire to defaecate, which results in the passage of 
perhaps an ordinary formed faeculent motion, which temporarily 
relieves the pain. Soon, however, another attack of pain is felt, 
generally in the region of the umbilicus, from which it radiates to 
any part of the large intestine, and this is again associated with a 
desire to defiecate and the passage of a motion which is composed 
of fcTcal matter, l)ut may now be soft. The pain increases, and the 
desire to deficcate becomes more and more frequent, until almost 
constantly present, while any nourishment, however bland and un- 
irritating, at once produces a desire to dehecate. After a time 
the patient sits almost continuously upon the commode, straining 
violently, and passing at first motions of f^eculent matter mixed with 
blood and mucus, and then blood and mucus mixed with a little 
faiculent matt(T, and finally nothing but a little blood and mucus. 
As a result of the straining and the passage of numerous motions, 
the anus becomes inllamed and very painful, and prolapse of the 
bowel is not uncommon, and adds greatly to the distress of the 
patient. 1 he urine diminishes in quantity, and therefore may show 
an increased quantity of urea, and at times may contain a trace 
of albumen. Pain is often complained of in the region of the bladder 
during and after straining at the commode. In slight cases the 
number of motions may be only about one every hour, but in more 
severe cases they number from fifty upwards, until they are passed 
almost continuously. This constant pain and desire to defaecate 
naturally weakens and exhausts the patient very quickly, for it 
prevents sleep and rest. 

In ordinary cases the tongue is moist and coated with a white 
fur, and usually the patient is thirsty, but not markedly so, except 
in bad cases. Nausea is often present, and there is no desire for 
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food, which is badly digested. There is often epigastric pain. 
Vomiting occurs, but is relatively unusual in cases which are 
taken in hand early and properly treated. The abdomen soon 
becomes sunken and tender, especially along the course of the large 
bowel, but this tenderness may be restricted to certain areas only 
of that bowel. On careful palpation the thickened bowel may at 
times be felt, but usually it is too tender to allow such manipula- 
tion. With the numerous motions, it may be imagined that con- 
stipation would not occur; but this is not so, for the disease may be 
limited to the lower bowel, and as it is the involvement of the 
rectum which causes the tenesmus and constant desire to defecate, 
feces may be accumulating in the higher region of the large bowel 
— a condition which may be recognized by the distension. Shiga, 
indeed, describes an ascending variety of acute dysentery, which, 
beginning in the rectum, spreads upwards along the large bowel, 
as well as a descending variety, which usually starts in the small 
intestine. The typical motions are composed of blood and mucus 
only, but in bad cases they may consist of a reddish albuminous 
fluid containing white shreds. The typical dysenteric motions have 
no fecal smell, and microscopically show numerous micro-organisms, 
leucocytes, and red cells, and epithelial debris and cells. Usually 
there is some fever, ranging from 99° to 103° F. The pulse is quick- 
ened, and in bad cases may be not merely rapid, but irregular, when 
the heart will be found to be dilated, and perhaps hiemic murmurs 
may be heard; but these symptoms are unusual, except in grave 
cases. The blood usually shows a diminution in the red cells, 
and a slight polymorphonuclear leucocytosis. The lungs are usually 
normal. Delirium is unusual. 

If the patient is to die, the motions assume the serous character 
mentioned above, the pulse becomes rapid and irregular, the tem- 
perature drops to subnormal, the motions diminish in number, 
hiccough appears, and exhaustion ushers in death generally during 
the second or third week. 

If the patient is to recover, the motions become more feculent, 
and the blood and mucus generally disappear, while the pain and 
tenesmus subside, the pulse returns to normal, the tongue cleans, 
and convalescence begins about the end of one week in mild, or of 
one month in more severe cases. 

2. GangYeno^ts Dysentery . — ^This most severe type of the disease 
may begin insidiously with some slight feculent diarrhoea, which may 
not attract attention until siukienly the patient becomes collapsed 
and dies within a few hours without the passage of the typical 
motions. Thus a prisoner may stand in the dock throughout the 
whole day, and then die in the night from gangrenous dysentery, 
while his sudden death may awake suspicions of suicide. 

The more usual history is that, during an attack of acute dysen- 
tery, the abdominal pain and tenesmus become very severe, while 
the motions alter their characters, becoming exceedingly offensive, 
and containing gangrenous sloughs composed of the mucosa and the 
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submucosa. These sloughs may be small or large, and even at 
times may be tubular. The motions are now exceedingly numerous, 
and sometimes hsemorrhage per anum may take place. The patient 
becomes extremely exhausted, the pulse small and frequent, the 
temperature falls to subnormal, and the extremities become cold 
up to the knees and elbows, while the motions are passed in- 
voluntarily, and death takes place in some two or three days from 
exhaustion. Recovery from an attack of gangrenous dysentery is 
extremely unusual, but when it does occur the pulse slows, the 
temperature rises, the motions become faeculent again, and the 
urine, which has been suppressed, reappears. 

3. Enter o~ Dysentery . — ^This variety begins with one or more rigors, 
and a rise of temperature to 103° F. or more. The temperature 
keeps high, assuming either a continuous or a high remittent type, 
and is associated with a dry tongue, and a mouth covered with 
sordes, foetid breath, headache, malaise, pains in various parts of 
the body, marked epigastric disturbance, and occasionally with 
ecchymoses under the skin in various parts of the body. The char- 
acteristic signs of abdominal pain and tenesmus are absent, and the 



Fig. 768, — Temperature Chart of a Case of Bacillary Dysentery, 

SHOWING THE EFFECT OF SeRUM TREATMENT. 

Chart by Archibald. 

motions, though containing blood and mucus, arc mixed with 
considemble quantities of fa^culent matter. The mind is clouded, 
the patient becoming very stupid, sleepless, and at times delirious. 
Abscesses may now appear in varying parts of the body, but 
especially in the parotid or theischio-rectal fossse, while carbuncles, 
bedsores, and peritonitis may also occur. Death usually ensues 
after a few days’ illness from exhaustion, toxaemia, or hyperpyrexia. 

4. Choleraic Dys^w/^ry. — Castellani called attention some years 
ago in the tropics, and again recently in various war zones, to a 
type of dysentery or serous diarrhoea which is often mistaken for 
cholera. The onset is sudden, with rice-water-like or serous motions ; 
there may be vomiting, and the condition of the patient becomes 
rapidly very grave. In most cases, however, a motion is passed 
now and then tinged with blood, and this clears the diagnosis. 

5. Chronic Bacterial Dysentery . — Chronic dysentery appears after 
an attack of acute dysentery which has apparently been cured, 
but in which, after a period of quiescence, diarrhoea appears. 
About five or six motions, composed of watery, evil-smelling, faecu- 
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lent matter, are passed per diem, and may at times contain blood 
and mucus, or simply mucus. After a time these s3nnptoms dis- 
appear, and the motions become normal, or there may be slight 
constipation. In due course, however, the diarrhoea returns, and 
these exacerbations recur for months and years, and seriously affect 
the patient’s general health. The appetite becomes bad; the 
tongue red and smooth, or flabby and coated; digestion is impaired, 
and fermentative changes cause the bowels to be distended with 
gas; while hsemorrhage, slight or severe, may take place f^'orn the 
nose or under the skin. Profuse sweats may occur at night, and 
tend to exhaust the patient. Recovery may take place spon- 
taneously, or after treatment, or the diarrhoea, continuing fitfully, 
may gradually wear out the patient, who may die of exhaustion 
or some intercurrent disease. Some authorities believe that chronic 
dysentery may become sprue. We do not agree with them, although, 
of course, sprue may develop in a case of chronic dysentery. 

6. Dysenteric Diarrhoea.— -The term ' dysenteric diarrhoea ’ may 
be applied to the non-bloody diar^hciea of chronic dysentery, and to 
those cases of diarrhoea which occur during an epidemic of dysentery, 
and in which the bacillus is either proved to be present in the 
motions, or the patient’s blood agglutinates in high dilution one of 
the dysenteric bacilli. The attack may in no way differ from an 
ordinary attack of diarrhoea due to other causes, but is apt to recur 
and to turn into chronic dysentery. 

7. Dysenteric Infantile Diarrhoea . — ^Diarrhoea is an extremely com- 
mon disease among infants in the tropics, but has not yet received the 
attention which it has in the United .States, in Europe, and in Japan, 
where it is called ‘ ekiri.’ It is believed to be due to Flexner’s 
bacillus, or more rarely to Shiga-Kruse’s bacillus; while the 
symptoms resemble entero-dysentery, being characterized by be- 
ginning with vomiting, and a rise of temperature from 103° to 
104° F., a dry mouth, coated tongue, distended and tender abdomen, 
and the passage of motions containing faeculent matter, often green 
in colour, generally mixed with blood and mucus. The fever is of 
the remittent type, and as the disease progresses the child wastes, 
and may become convulsed or comatose and die, or may live for 
weeks, suffering from repeated attacks of diarrhoea, and finally die 
from exhaustion. If recovery is to take place, the temperature 
declines and the diarrhoea ceases, but the child is left in a pale and 
emaciated condition, from which it takes months to recover. 

Complications. — ^Peripheral neuritis is not uncommonly met with, 
generally in a mild form, and often confined to one nerve. Arthritis 
and polyarthritis are also not uncommon, while inflammation of 
the tendon-sheaths may also take place. In entero-dysentery 
parotid buboes are not uncommon, while abscesses in other parts of 
the body and peritonitis may develop. In gangrenous dysentery 
haemorrhage may be a serious complication. Typhoid fever may 
occur at the same time as a dysenteric attack, and is a senous 
complication. We have met with several cases of appenditicis 
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developing in people convalescent from dysentery. Conjunctivitis 
and iritis have been recorded. 

Sequelae. — One of the most important sequels of dysentery, to 
which Cantlie has drawn attention, is stenosis of the large bowel, 
and more particularly of the sigmoid flexure, due to cicatricial 
contraction of the healing ulcers. The symptoms are the onset 
of an insidious constipation, associated in due course with a sensa- 
tion of distension in the alDdomen, loss of appetite, and nausea. 
The constipation is apt to alternate with attacks of diarrhoea. 
In due course the constipation becomes severe, and is accompanied 
with recurrent attacks of colic, in which the pain may be localized 
or radiating, and sooner or later vomiting occurs. On inspecting 
the abdomen a swollen region may be observed, and the attacks of 
colic may be seen to be associated with visible peristaltic move- 
ments, while more or less meteorism occurs. Succiission sounds 
may be heard over the dilated bowel. This condition is serious, 
and must be energetically treated. 

According to some authors, ' sprue ’ is a sequel to dysentery, and 
we have, in fact, seen several cases of sprue developing in patients 
who have been suffering from chronic dysentery. We believe, 
however, the two diseases to be of different aetiology. 

Diagnosis. — It may be of advantage to say a few words, first, 
on the diagnosis of dysentery in general. In presence of a patient 
suffering from abdominal pains, with frequent stools containing 
blood and mucus, the practitioner is, as a rule, justified in making the 
generic diagnosis ‘ dysentery.' 

Next the specific diagnosis must be made — viz., what type of 
dysentery is the patient suffering from. For practical purposes it 
is sufficient in the enormous majority of cases to keep in mind the 
following types : amoebic dysentery, ciliar dysentery, bacterial 
dysentery. A particle of the muco-pus, immediately after evacua- 
tion, should be examined microscopically, and this examination can 
be carried out with great advantage at the bedside by means of 
a portable microscope. If the microscopical examination shows 
presence of amoebie of the histolytica type, especially if containing 
red blood cells, the diagnosis will be amoebic dysentery. If amoebae 
of the histolytica type are absent, and ciliates of the balantidium 
type are present, the diagnosis will be ciliar dysentery. If on pro- 
longed and repeated examination, amcebre and ciliates are absent, the 
diagnosis of probability will be bacterial dysentery. A probable diag- 
nosis of bacterial dysentery can be made also by the practitioner who 
is not in position to carry out microscopical examinations, if emetine 
does not make the dysenteric symptoms disappear within three days 

The diagnosis of bacillary dysentery has to be made with special reference 
to pseudo-dysentery and amoebic dysentery, especially when there is blood 
and mucus in the motions, and from the various forms of diarrhoea when these 
signs are absent. 

With regard to pseudo-dysentery, cancer and syphilis of the rectum and 
inflamed haemorrhoids may give rise to tenesmus and the passage of blood 
and mucus, but can be differentiated by the history and by an examination 
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of the rectum. Cancer of the colon and intussusception may also cause the 
passage of blood, with or without mucus and with or without tenesmus, but 
the history and a careful abdominal examination, together with the discovery 
of a localized swellirtg, should serve to distinguish these affections. Para- 
metritis on the left side may cause diarrhoea, and more rarely the passage of 
blood and mucus, but the absence of tenesmus, the presence of pain more at 
the side of the uterus than in the sigmoid colon, should indicate the necessity 
of an examination per vaginam or per rectum, when the nature of the case will 
be cleared up. A careful examination of the faeces should exclude such causes 
as fish-bones injuring the rectum. Mercurial poisoning can be distinguished 
by the history, the presence of salivation, etc. The diagnosis from amoebic, 
balantidic, and the other dysenteries of animal origin can only be made by 
the careful microscopical examination of the faeces, when the absence of these 
parasites will be made certain. The absence in dysenteric stools of Charcot- 
Leyden crystals and presence of very abundant cellular exudate with 
niacrophages and preponderance of polymorphonuclears points to the con- 
dition being bacterial rather than amoebic. 

Positive diagnosis can, however, only be made by a bacterio- 
logical examination of the faeces and the determination of the 
specific bacillus. Agglutination tests with the patienb’s blood are 
not of much use in acute cases, as agglutinins are not present in the 
blood the first few days of the disease. 

For the bacteriological diagnosis a shred of mucus or pus is smeared over 
a plate of MacConkie’s bile — salt-lactose-neutral-red agar, by means of a bent 
glass rod or Kruse’s platinum pencil. 

Two more plates of the same medium are prepared in a similar manner 
without recharging the rod or pencil. 

Any white colonies which develop are further investigated as to their sugar 
reactions, and by using the agglutination and absorption methods. 

The following method will be found useful: — Twenty white colonies are 
selected; in this way we discard all lactose rapid fermenters. From each 
colony one glucose peptone water (or glucose agar) and a litmus milk are 
inocillated. After sixteen to twenty-four hours at 33° C. to 37^" C. the glucose and 
milk tubes so inoculated are examined: all the strains which have produced 
gas or clotted milk are discarded. In this way we discard all germs of the 
genus Salmonella, Lankoides (p. 938), etc., and we retain only the strains 
which do not produce gas in glucose and do not clot milk. If a germ does 
not produce gas in glucose, as a rule it does not produce it in any other carbo- 
hydrate, and therefore we may say that wc are left with strains which do not 
produce gas in any sugar and do not rapidly clot milk, and which, therefore, 
if they are bacilli, must belong to one of the following groups: — (a) Eberthus 
(p. 930), (b) Alcali genes (p. 930), (c) Vibriothrix (p. 1068), (^) dysentery- 
metalkali genes group sensil lato. From the glucose tubes hanging-drops are 
made; all germs which are not bacilli are discarded, and similarly all motile 
germs. In this way we shall retain only germs which are non-motile bacilli, 
which do not produce gas in any sugar, and do not clot milk — bacilli, 
therefore, which belong to the dysentery (glucose acid) and metalkaligenes 
group (glucose not acid). Those which ferment glucose (acidity only) are 
further investigated, and aggln ; ination reactions are carried out, using 
Shiga, Flexner, and other dysenteric sera. 

At times it will be found of advantage to use the so-called Castellani's 
contemporary gas-agglutination test. Tubes of glucose peptone water with 
Durham’s fermentation small tubes are prepared, and two or three drops of a 
mixed serum, Shiga-Flexner, Hiss, etc., added. Twenty w^hite colonies are 
inoculated in twenty such tubes. If any of these tubes, after twelve hours 
in the incubator, shows absence of gas and presence of agglutination, a diagnosis 
of bacterial dysentery can be made, though not of what variety of bacterial 
dysentery. It must bo remembered also that there are rare strains of dysen- 
teric bacilli which are not agglutinated by any of the usual antidysentery sera. 
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We wish to emphasize the fact that simple agglutination is not sufficient 
to diagnose that a certain bacillus is a dysentery bacillus. As shown by Levi 
della Vida, by one of us, and other observers, it is not at all rare to isolate 
from dysentery patients bacilli which are extremely well agglutinated, say, 
by Shiga serum, but which produce gas in glucose. Notwithstanding the 
opinion of a few authorities, such germs cannot be considered to be true 
dysentery bacilli, they are nosoparasites or secondary invaders. Hence the 
importance of carrying out fermentation tests in addition to serological tests. 

To the bacteriological diagnosis of bacterial dysentery may be applied also 
Castellani’ s poly serum method as used for the diagnosis of cholera. A large 
number of the white colonies from MacConkey plates are inoculated in a tube 
of peptone water containing a few drops of lactose non-fermenters agglutinating 
polyserum (excepting the dysentery group). In theory all non-lactose fer- 
menters, apart from the dysentery bacilli, will be agglutinated, while the 
dysentery bacilli will grow diffusely; in practice, however, many difficulties 
are met with, owing to the great difficulty in producing an efficient 
polyserum. 

Finally, wc wish to call attention to the necessity of carrying out 
the bacteriological examination for dysentery on stools absolutely 
fresh, as soon as evacuated, plates being made at the bedside and 
then sent to the laboratory. If this precaution is not carried out, 
a very large number of cases will give negative results. 

Prognosis. — In the milder forms of acute dysentery, the prognosis 
is good, recovery being the rule, but the death-rate of severe acute 
dysentery is high, while the prognosis in gangrenous dysentery is 
very bad. As an average, the mortality of the various forms 
may perhaps range from 12 to 25 per cent., for there is no doubt 
that in Ceylon and other tropical countries dysentery is a more 
potent factor in the death-rate than malaria, though the latter 
may cause more illness. 

The site of the disease is also a factor in determining the prognosis, 
being as a rule better if it is situate low down, and worse if high up 
in the bowel. According to Kruse, Shiga, Duval, Dopter, and our 
own experience, early serum treatment lessens the mortality 
and therefore improves the prognosis. 

As regards age and sex, the prognosis is better for adults than 
for children, and for men than for women. The European or 
new-comer into the tropics suffers more severely than the 
native resident race, but this racial difference is merely relative. 

Treatment. — In all cases, however mild, the patient should be 
kept at rest in bed, and the urine-bottle and bed-pan must be used. 
The latter should preferably be slightly warmed before being used, 
especially in cool climates. Damp cotton-wool should be sub- 
stituted for sanitary paper, in order to prevent irritation of the 
region of the anus. 

All motions should be disinfected, after having been seen by the 
physician, with Jeyes’ fluid or carbolic acid, and they should also 
be protected from flies. It is, however, most necessary that the 
motions should be saved for the physician to see, because they are 
extremely important in judging the progress of the case. 

In very mild cases the bowels should be cleansed by an initial 
dose of one tablespoonful of castor oil, which may be administered 
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in neat brandy, with or without a few drops of liquor opii sedativus 
or tincture of opium, and this should be followed a few hours later 
by the administration of astringents, such as bismuth salicylate 
5 grains, and salol 5 grains, made into cachets, and taken every two 
or four hours at first, and less frequently when the character of the 
motions improves. In these mild cases tenesmus rarely requires 
any special treatment, and rectal injections are well borne, and may 
be administered twice daily, though in most cases they are un- 
necessary. These injections should consist of either boric acid 
(i in 100), which is probably the best, salicylic acid (i in 500), tannic 
acid (i in 500), normal saline solution, or borax and bicarbonate 
of soda (5 grains of each to the ounce). In administering these 
enemata, the patient should lie on the left side, with the buttocks 
elevated on a pillow and the head placed low. A soft rectal tube 
should be smeared with vaseline and passed as high up the bowel 
as possible. Two pints of the enema are now run in by gravity 
from a glass irrigation vessel, and should be warmed to a tempera- 
ture of about 99° to 100° F. The enema should be retained as long 
as possible. This treatment, with an appropriate diet, soon gives 
relief, the pain disappearing, the motions becoming faeculent. 
During convalescence a tonic of hydrochloric acid, cinchona bark, 
and gentian is found to be very serviceable. 

In severe cases the serum treatment should be used as soon as 
possible, though at times it is useful to precede it with a dose of 
castor oil and associate to it the saline treatment. Kruse’s serum, 
Shiga’s serum, the Lister Institute serum (Todd), and that of the 
Pasteur Institute (Vaillard and Dopter), arc all good. A polyvalent 
serum, such as that of Shiga, is preferable in those cases in which 
a complete ^etiological diagnosis of the malady cannot be made. 

The serum, in our experience, should be given in large doses; thus 
that from the Pasteur Institute and the Lister Institute should be 
given in 20 c.c. to 40 c.c. doses twice daily, and in very severe cases 
four times daily. The inj ection should be made under the skin of the 
abdomen or flank, using the ordinary aseptic precautions. These 
injections, as a rule, need not be continued after the second or third 
day. They may be followed by urticarial-like eruptions and pains 
in the joints. Calcium chloride or, better, calcium lactate in doses 
of gr. X. may be administered if these symptoms are severe three or 
four times daily. When the blood and mucus have disappeared 
from the stools, salol (gr. x. every four hours) or the ordinary astrin- 
gents, such as bismuth subnitrate^ or tannalbin (gr. x. to xv. every 
two hours), should be prescribed. 

Our rules for the administration of the polyvalent serum are: — 

I. In mild cases inject one dose of 20 c.c. 

11 . In cases of medium severity inject two doses daily of 20 c.c. 
for two days. 

III. In severe cases inject 40 c.c. twice or thrice a day for two 
or three or four consecutive days. 
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As a rule the serum treatment should not be continued for more than four 
or five days, and it should not be repeated later on, or symptoms of 
anaphylaxis may develop. 

The serum has often a marked effect upon the disease, hastening 
the cure, ameliorating the symptoms, and reducing the mortality, 
but it must be admitted that in certain cases it has practically no 
action whatever. 

When the serum treatment cannot be carried out, the saline 
treatment is, in our experience, the most useful. Two drachms 
of magnesium sulphate and 2 drachms of sodium sulphate, dis- 
solved in an ounce of water, chloroform water, or peppermint water, 
should be administered, and then i drachm of each should be given 
every two hours, or half doses every hour, until the motions become 
faeculent. 

There is generally considerable pain in these more acute cases, 
and therefore a fomentation sprinkled with laudanum should be 
applied to the abdomen, and the tenesmus should be relieved by 
suppositories of morphia or of cocaine. If these remedies fail, 
then hypodermic injections of morphia or opium (gr. by the 
mouth must be given, for it is a most important factor in the treat- 
ment that the patient should not suffer more than can possibly be 
avoided from this distressing symptom. If prolapse of the anus 
or rectum occurs, it is important that this should be reduced and re- 
lieved by an astringent ointment, such as hazeline or gall and opium. 

Rectal injections may be given, as described above, but in sensi- 
tive cases it is as well to pass in a second tube alongside the enema- 
tube, so that, instead of the inflamed bowel being distended by the 
injection, it may be simply washed by the irrigation of the boric 
lotion. 

During the treatment of the severe acute forms a great danger 
is to stop the saline treatment too quickly, and to allow constipa- 
tion to occur, by which is meant that, though the patient may 
be having fifty to a hundred motions per diem, still, fcTculcnt matter 
is being retained. On the other hand, there is danger in continuing 
the saline treatment too long, for in our experience this should be 
stopped on the third day if there is no improvement, and also when 
the motions become serous. 

After the acute stage is over it may be found useful to employ 
some astringent drugs, such astannalbin, 15 grains every two hours, 
or large doses of bismuth subnitrate (gr. xv. to xxx., with or without 
salol (gr. V. to x.), every two hours, in cachets or emulsion, and an 
enema of boracic or tannic acid (i to i per cent.) per rectum may be 
administered. 

If there is a tendency to chronicity, fresh Bael fruit may be 
given. It must, however, be both fresh and ripe, and should be 
prepared by being boiled, and then shredded with a fork into 
warm milk, pressed and strained, and then a little sugar added. 
A tumblerful of the milk extract of Bael fruit may be taken 
twice daily. 



TREATMENT 


i^'57 

Tincture of Mansonia ovata in i-drachm doses is also recom- 
mended. Other remedies resembling the above are the roots of 
l^elargonhm tuberosum and P.flahellijolium. 

With regard to individual symptoms, collapse should be treated 
by the hypodermic injection of saline, haemorrhage by calcium 
lactate. 

Very severe cases, involving the whole of the large bowel, and gangrenous 
cases may be treated by appendicostomy and washing out of Ihe bowel with 
a weak permanganate or boric acid solution. 

The simple operation is performed as follows: — The patient is placed under 
chloroform, after the usual antiseptic preparation of the area of the opera- 
tion. An incision of about 3 inch^^s in length is made in the usual site for 
the operation of appendectomy, and, the layers of the abdominal wall having 
been incised, the peritoneum is carefully opened, and the appendix is searched 
for and brought forward into the wound, so that about i inch protrudes. 
Here it is stitched by four stitches to the muscles. The wound is now closed, 
the appendix being fixed to the skin by a couple of stitches. The wound is 
now dressed aseptically with a thin layer of wool and covered with collodion. 
The tip of the appendix is now removed, and a No. 8 or No. 6 catheter inserted. 
The wound is now dressed antiseptically and left for twenty-four hours, at 
the end of which time a large tube is placed in the rectum, and the whole 
bowel is irrigated with i per cent, solution of bicarbonate of soda to remove 
the mucus, and then with a boracic acid lotion, i drachm to the pint. This 
is repeated daily, but if the case tends to become chronic a solution of silver 
nitrate (5 to 20 grains to the pint) is used. 

When the cure is effected, the small wound is easily closed. 

Other methods of treatment include the calomel treatment much praised by 
Scheube and Kaftulis, and begun long ago by the Indian physicians, and 
among the various forms in which it has been applied, Twaning’s pill of calomel, 
blue pill, and ipecacuanha used to be very celebrated. Plehn recommends 
that, after a preliminary dose of castor oil, grain of calomel be administered 
hourly until twelve doses have been taken during the day. The treatment Ls 
discontinued during the night, and repeated in the same manner during the 
second and third days, after which bismuth subnitrate is given in 6-grain 
doses hourly during the day for a long period of time. 

Yellow santonin, 0*3 gramme in 8 grammes of olive oil, administered three 
times a day, has been recommended by Drake. Musgrave recommends that 
acetozone (strength 1 in 5,000; aerated if necessary) should be freely drunk, 
so as to prevent fermentation in the .stomach and bowels. In all cases a mouth- 
wash-—^.^., glyco-tliymoline — should be ordered. During convalescence the 
great point is to prevent chills and indiscretions in diet, which may induce 
attacks of diarrhoea. Turpentine duotal and styracol, especially in com- 
bination with castor oil, liavc been recommended by some. 

Cyllin and other similar disinfectants have been advised, but have not given 
any very good results in our experience. Bolus alba has been advocated. 

Varioas colloidal silver preparations have been recommended. 

The sour-milk treatment may be tried in subacute or chronic cases, with 
sauerin, lacto-bacillin, fermonkictyn . or any other preparation on the market, 
or by using the ferment as prcpaied by the natives of the country. Consti- 
pation is counteracted by small doses of castor oil, liquid paraffin, Carlsbad 
salts, Hunyadi Janos, Apenta water, or enemata, but if of a marked nature 
should arouse suspicions of stenosis, especially if the ordinary laxative remedies 
do not ameliorate the condition. Under these circumstances sigmoidoscopy 
should be performed, and the stricture dilated by bougies or catheters. 

Treatment of Dysenteric Infantile Diarrhoea. — ^I'he treatment of 
infantile diarrhoea and of dysentery in children is best conducted 
by administering a small dose of castor oil (oi. to 3ii0* followed by 
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calomel (gr. \) or grey powder (gr. J), every hour until six doses 
are given in a child of two years of age. The dosage may be 
decreased or increased according to age. Afterwards astringents 
such as tannigen (gr. iii.) or tannalbin (gr. v.) may be given every 
two to four hours. 

In severe cases, due to the Shiga-Kruse or the Flexner bacillus, 
serum treatment is the best, 5 to 10 c.c. being injected twice daily. 
The diet should be altered from milk to albumen water, whey, 
diluted meat -juice, or clear soup. 

Pain must be combated by hot fomentations, and convulsions 
by bromides given in gr. xv. as enemata, or in small doses by the 
mouth in albumen water. Chloroform may require to be adminis- 
tered, while some authors recommend minute doses of morphia. 

Treatment of Chronic Dysentery. — ^The treatment of chronic 
dysentery varies, for sometimes the malady is easily amenable 
to the treatment laid down for mild cases of acute dysentery, 
while at other times many remedies maybe tried without success. 
After an initial dose of castor oil, tannigen, in 3 to 8 grain, or 
tannalbin in 10 to 20 grain doses, in cachets, may be tried three 
to six times a day. In old-standing cases pilula plumbi cum 
opio should be given twice a day. Serum treatment should also 
be tried during the exacerbations, as indicated above. Bael fruit, 
the rind of the mangosteen, simaruba bark, etc., are all useful in 
this condition, and the lavage treatment is more useful than in acute 
cases. Rectal irrigations should always begin with 2 pints of 
I per cent, solution of bicarbonate of soda to remove the adherent 
mucus, and then the medicated enema may be administered, and 
may consist of boracic acid (i per cent.), followed by an enema 
containing bismuth subnitrate and sodium salicylate suspended in 
a pint or less of mucilage, silver nitrate (| to i grain to the ounce), 
copper sulphate (2 grains, with 5 minims of tincture of opium to the 
ounce of water), tannin (0-2 to 0*5 per cent.), resorcin (i to 2 per 
cent.), creolin (i drachm to the pint), lysol (i per cent.), or formalin 
(i in 5,000), may all be used. Silver nitrate, however, gives the 
best results, gr. x. to the pint. Albargin (i in 500, i in 1,000) has 
also been recommended. Perchloride of mercury (i in 20,000) 
should not be used as a rectal enema, as it is dangerous, and may 
increase the symptoms instead of diminishing them. In chronic 
or subacute obstinate cases the vaccine treatment first introduced 
for dysentery by Castellani and Greig may be tried, using vaccines 
prepared from the dysenteric bacilli isolated from the stools of the 
patient. Forster has tried this treatment also in acute cases. In 
our experience it gives good results in several cases of the chronic 
type, but in acute dysentery is much inferior to the serum and saline 
treatment. If all these methods of treatment fail, appendicostomy 
should be tried. 

Diet . — ^There is no point in the treatment of dysentery of greater 
importance than the diet. The bowel requires physiological rest, 
and therefore, in very severe cases, the diet must be restricted 
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to albumen water and whey, and brandy given only if absolutely 
necessary. 

In milder cases the diet should consist of milk, which must be 
diluted with Perrier, soda, Vichy, or barley water, or may be mixed 
with powders of sodium bicarbonate (gr. vi.) , potassium bicarbonate 
(gr. vi,), sodium chloride (gr. iii.), or sodium citrate (gr. xL), to the 
pint of milk, and less in proportion. Arrowroot made with water 
or milk, at first thin and later thick and flavoured with a little 
brandy, is most useful. Benger's food and Horlick’s malted milk are 
also useful. Strong meat-essences and alcohol should be avoided. 

In all severe cases the food must be given in small quantities 
every two hours, about 4 ounces at a time, and must be taken very 
slowly, and should be neither very warm noi cold. In chronic 
dysentery this milk diet is of the greatest importance, and may, 
as already stated, be supplemented by the sour-milk treatment. 

When convalescence begins, chicken-broth and milk-puddings 
may be added to the diet, and then lightly-boiled eggs and toast; 
then chicken, cream, and fish; but for a long time only white flesh 
should be allowed, and not much of this, for the diet should for 
several weeks consist largely of milk foods. Of especial importance 
in convalescence is the chewing of the food, and care must be taken 
not merely that the teeth are in good order, but that the patient 
is directed not to swallow any tough or very fibrous piece of food. 
Fruit must be avoided for a long time. 

Prophylaxis. — One of the important prophylactic measures which 
is at present but little used, owing to practical difficulties, is the 
isolation of the convalescent until three bacteriological examinations 
of the faeces give a negative result. Another is the search for dysen- 
tery carriers in a locality in which the disease is endemic or occa- 
sionally epidemic. The treatment of a carrier must be the same 
as for a case of chronic dysentery, but here vaccination will be 
distinctly useful. The persons to be suspected are those with a 
history of dysentery, or with a history of having nursed a case of 
dysentery, and people occupied in the cooking or handling of food 
materials. 

Another very important measure is the destruction by burning or 
the disinfection of the dysenteric motion by either crude carbolic 
acid or by Jeyes' fluid, together with its careful protection against 
flies before its final disposal. 

The personal prophylaxis consists in drinking only filtered and 
boiled water, and using the same for cleaning the teeth, in avoiding 
salads and fresh vegetables and unripe fruit, and in carefully 
washing the exterior of any fruit. 

With regard to public prophylaxis, a modern method of collecting 
and disposing of the sewage of towns is necessary everywhere in 
order to prevent the disease from spreading, and there is no doubt 
that for this purpose the best method for tropical towns is the 
Shone or pneumatic system, as introduced into Rangoon, Bombay, 
and Karachi. 
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Good scavenging and strict hygienic laws are necessary to prevent 
the breeding of flies, and if an epidemic of dysentery occurs, a 
special crusade against the common house-fly, if not begun before, 
should at once be undertaken, as has been done for other reasons 
in Liverpool and elsewhere, especially in America. 

Dust should be diminished in the warm dry weather by the 
efficient watering and brushing of the roads of towns, and in this 
water some cheap disinfectant such as permanganate of potash 
should be used, especially for the more important streets. 

The drinking-water of all large towns should be filtered, though 
it must be admitted that this alone is not a sufficient safeguard 
against a water-borne epidemic. 

Vaccination. — Owing to bacterial dysentery being due to several different 
bacilli, and owing to the fact that the Shiga-Kriise bacillus is very toxic the 
preparation of an efficient vaccine giving a not too severe reaction is difficult. 

Bfoth Cultures Anti dysentery vaccines prepared with broth 

cultures should never be used, as they give rise to an extremely severe local 
reaction, with at times abscess formation. 

Peptone Water Vaccine. — Castellani, in IQ04, prepared a mixed peptone 
water vaccine which gave fairly satisfactory results. The preparation was 
as follows: — The Shiga- Kruse bacillus and three other species of dysentery 
bacilli were grown in peptone water tubes for three days at 35® C. They 
were kept for an hour at the temperature of 55^-60® C., and then mixed, three 
parts Shiga- Kruse and one part of each of the others. Of the resulting mixed 
vaccine i c.c. (sometimes J c.c.) was injected, the inoculation being repeated 
after a week or two. The reaction was not severe. Later Castellani prepared 
the same vaccine without heating, adding .simply J per cent, carbolic. Accord- 
ing to Castellani, the very much less marked reaction noted than when using 
broth vaccines, is not merely due to the fact that peptone water cultures 
contain fewer bacilli than broth cultures. 

Carholized Emulsion Mixed Vaccine. Since 1912 Castellani has used in 

Ceylon a carbolized mixed vaccine containing B. dysenterice Shiga-Kruse, 
Hiss-Russell Y, original Flexner, Ceylon Flexner-like No. i, Ceylon Flexner- 
like No. 2. The preparation of this mixed vaccine is as follows: — The indi- 
vidual vaccines are prepared by making emulsions from twenty-four hours' 
old agar cultures in normal salt .solution (o‘75 per cent.), to which 0*5 per 
cent, of carbolic acid has been added, and the individual vaccines are standard- 
ized in such a way as to contain per c.c. 1,000 million germs. These 
monovaccines so standardized are mixed in equaFparts, so that i c.c. of the 
mixed vaccine will contain 125 millions of each of the organisms used. Of this 
mixed vaccine 0*5 to o*6 c.c. is given hypodermically the first time, and the 
same or double the amount after a week. Agglutinins generally develop for 
all the inoculated germs, but their amount is not high, and may be inconstant 
and irregular, but the same may be said of simple monovaccines, Shiga, 
Flexner, etc. 

It is essential to prepare the vaccine with strains which, though rich in 
antigen, are only slightly virulent. It is extremely rare to come across such 
a strain of Shiga-Kruse. A large series of strains of this species are inoculated 
into rabbits, and the least virulent, provided it is rich in antigen, is kept 
permanently as a stock culture to prepare the vaccine. 

Combined Carbolized Dysentery and Typhoid and Para A and Para B Vaccine. 
— This vaccine has been prepared by Castellani, in 1913, following this 
technique : — The individual vaccines are prepared by making emulsions from 
twenty-four hours’ old agar cultures in normal salt solution (0-75 per cent.), to 
which i per cent, carbolic has been added. The mono vaccines are then 
standardized as follows; — Typhoid vaccine 4,000 millions per c.c., para A 
1,000, para B 1,000, Shiga 1,000, Flexner 1,000. Hiss-Russell Y i.ooo, Flexner 
Ceylon (No. i) l.ooo, Flexner Ceylon (No. 2) 1,000, The monovaccines are 
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mixed in equal parts. The mixed vaccine will therefore contain 200 millions 
typhoid and 125 millions each of the other oganisms used. Of this vaccine 
0*5 to 0*6 c.c. is given hypodermically the first time, and the same or double 
the amount after a week. The reaction is somewhat more severe than after 
inoculation with the triple typhoid para A and para B vaccine. 

In the preparation of the vaccine it is necessary to use a selected strain 
of Shiga- Kruse, as little virulent as possible. 

Sensitized Vaccine . — An emulsion in normal .saline is made from twenty- 
four hours' old agar cultures. To the suspension is added some undiluted 
dysentery serum, and after twenty-four hours it is centrifuged and the serum 
and saline pipetted off. The sediment is washed in normal Saline, and then 
a suspension is made in fresh saline containing i per cent, carbolic, and 
standardized to contain 100 million bacilli or more; ?, c.c. is injected the first 
time, and the same or double the dose a week later. 

A sensitized dysentery vaccine was first prepared and used by Broughton 
Alcock in 1914. It has been used later by other observers, and experiments 
on it have been carried out recently by Gibson. The reaction is much less 
severe than using broth vaccines. 

ScYum-Vaccine.—\\\ Japan a vaccine has been given mixed with anti- 
dysenteric scrum, with the object of neutralizing the bacillary endotoxin 
with the anti-endotoxin present in the serum. The injection of such serum- 
vaccine does not give rise to any production of agglutinins, and the doubt 
has arisen, to which Gibson has called attention, that the antiserum might 
neutralize all the antigenic properties of the vaccine, be.sides neutralizing 
the toxin. 

Gibson's ' Absorbed- Serum Vaccine .’ — -Gibson mixes the dysentery vaccine 
witli antidysentery serum from which the agglutinins and other antibactetial 
substances have been removed by means of Caslellani’s absorption method. 
Suspensions in normal saline are made from agar cultures of Shiga-Kruse, 
Flexner, and Y ; they are standardized, and then mixed in such proportion 
that I c.c. of the mixture will contain 2,000 millions Shiga-Kruse, 2,000 millions 
Flexner, 2,000 millions Y. 

Trivalent antidysentery scrum (Shiga-Flexner-Y) is absorbed with Flexner, 
then with Y, then with Shiga. It is centrifuged and filtered through a 
Chamberland . The filtered serum is then so diluted that i c.c. of the resulting 
dilution will contain 0*4 of serum. The diluted serum and the vaccine are 
filled into twin non-communicating phials, which are joined together. 
The inoculation is carried out as follows: — ^0*25 c.c. is aspirated in the syringe 
from each phial and injected subcutaneously in the usual way. The first 
rlocc contains Shiga 500 millions, Flexner 500 millions. Hiss and Russell 500 
millions, and o*io absorbed serum. A week later double the amount is 
given. This absorbed serum-vaccine gives only a very moderate reaction, 
and seems to induce in the blood of the inoculated persons a satisfactory 
amount of antibacterial substances as well as antitoxin. 

Dyshackta. —This is a vaccine prepared according to a special method by 
Boehneke. 

Lipovaccine . — A vaccine consisting of an oil emulsion of dysentery bacilli 
h is been prepiired according to Le Moignic’s method. The reaction is said 
to be mild. 


C. PSEUDO-DYSENTERIES. 

Definition. — Pseudo-dysenteries are diseases other than those 
defined above, which give rise to diarrhoea, with the passage of blood 
and mucus in the motions, and are sometimes associated with 
abdominal pain and tenesmus, and may readily, on superficial 
examination, be mistaken for true dysentery. 

Remarks. — It .should, however, be noted that the term ' pseudo- 
dysentery ’ has been used by Kruse to signify a form of bacterial 
dysentery commonly found among inmates of lunatic asylums, and 
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later to denote every variety of the disease not caused by the Shiga- 
Kruse bacillus. 

etiology. — ^The most common causes of the pseudp-dysenteries 
are cancer of the intestine, especially of the rectum, inflamed 
piles, gummata in the rectum, cancers of the large bowel other than 
the rectum, and intussusception. The native habit of eating 
the small bones of fish along with the flesh is apt to cause irritation 
of the rectum and a pseudo-dysenteric attack. Inflammations of 
the broad ligament, especially on the left side, are apt to be con- 
fused with a mild attack of dysentery. Poisons, such as mercury, 
ptomaines, ricin, abrin, etc., may also produce symptoms resernbling 
dysenteric attacks. Prout has described a form of dysentery in the 
Gambia due to drinking-water containing the excreta of locusts. 

Diagnosis. — The diagnosis of these various conditions has already 
been discussed in the Diagnosis of Bacillary Dysentery, and need 
not be repeated. 

Treatment. — ^The treatment must be adapted to the specific com- 
plaint, while the bowel symptoms may be relieved as indicated 
under the treatment of Bacillary Dysentery. 
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INTESTINAL SCHISTOSOMIASIS . 

Synonyms — Definition — History — Climatology — i^tiology — Pathology 
— Symptomatology — Diagnosis — Prognosis — Treatment — Prophylaxis — 
References. 

Synonyms. — Intestinal bilharziosis, Rectal bilharziosis, Hepatic bilharziosis, 
American bilharziosis, Manson’s bilharziosis, Manson’s clisea^^e. 

Definition. — Intestinal bilharziosis is infection with Schistosoma 
mansoni Sambon, 1907, the eggs of which invade and irritate the 
intestines and the liver, and cause inflammation. 

History. — It has long been known that the eggs found in cases of 
intestinal, rectal, and hepatic bilharziosis arc laterally spined, as 
Bilharz pointed out in 1851; and Sonsino once staled that the two 
worms must belong to different species, but this statement did not 
attract attention. In 1903 Manson first suggested, on grounds of 
dissimilar geographical distribution, that these eggs might belong 
to a new species of Schistosoma, and in 1907 Sambon showed that a 
separate species really did exist, calling this 5 . mansoni, in which 
he has been supported by Holcomb, Firket, .Broden, Grim, and 
others, though opposed by the great authority, Looss. 

A description of the adult worms has been given by Da Silva 
and by Flu, confirming the differentiation of the two species. 

The fact of the existence of a separate disease caused by the 
laLcrahspined eggs of S. mansoni is supported by all authors who 
have studied the disease in America, where the patients are said 
never to have eggs in the urine, and never to suffer from urinary 
schistosomiasis. It is further supported by the work of Mathis and 
Baujeau on a case from Gaudeloupe, and by that of Turner in South 
Africa. Flu, after examining 1,000 eggs from fifteen cases of 
intestinal schistosomiasis in Paramaribo, never found one with a 
terminal spine. Reference may also be made to Letulle’s paper on 
' Bilharziose Intestinalc/ published in 1905, to Madden’s work in 
1907, and to Symmer’s work in 1902 and 1906, from the latter of 
which we have taken our two illustrations. Reference must also 
be made to the admirable exposition of the disease by Mathis, Noc, 
and Leger in 1913. In 1914 and 1915 Lciper thoroughly established 
the species 5 . mansoni, and worked out its life-history. He has 
traced the life-cycle of the parasite through the snails to its adult 
condition in rabbits, guinea-pigs, and man. Lutz has published 
his extended researches into the disease and its parasite as seen 
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in Bahia and Northern Brazil. It will thus be seen that the 
recognition of the disease is becoming generally accepted, although 
this was by no means the case when this chapter was first written. 

Climatology. — As far as is known at present, the disease exists in 
Egypt, Central Africa, Uganda, South Africa, the Belgian Congo, 
Central, South, and North America, and the West Indies. In 
Brazil it is confined to the northern districts, being unknown in the 
South. In Venezuela it is common around Caracas, where its 
intermediate host is believed to be Planorhis giiadelupensis Sowerby 
by Iturbe and Gonzalez. 

.etiology. — The cause of the disease is Sc/iistosoma mansoni. The 
description and life-history of the parasite is given in Chapter XXIV., 
P- 587- 


Fig. 768B. — Cercaria of Schistosoma mansoni 
FRornyPlanorbis boissyi. 


Fig. 76.JA. — Miracidium 
OF Schistosomum 
mansoni. 

( Phut omi cro graph . ) 

Pathology.- — The worms live in the portal vein, but are especially 
attracted to the bowels, in the capillaries of which they lay their 
eggs, which burst those vessels, and escape into the mucosa, causing 
therein a dense cellular infiltration which leads to a thickening of 
the coats of the bowel, and to the formation of papillomata, which 
may become detached and form ulcers. Dense fibrous infiltration 
of the peritoneum may also occur, and contain both eggs and 
worms. The mucosa of the bowel is protected by a quantity of 
mucus. In the rectum the mucus membrane is apt to become 
hypertrophied, and to grow, forming large polypoid masses, or 
adenomata, which may protrude through the anus. The ova may 
affect the subcutaneous tissue of the sacral and coccygeal regions, 



Fig. 768c. — Planorhis boissyi. 
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Fig. 769. — Intestinal Schistosomiasis. 
(After Symmers.) 

Polypoid growths in descending colon. 
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and cause dense cellular infiltrations, giving rise to fistulae, which 
may spread and infect a large cutaneous area. 

When the ova reach the liver by the blood-stream, they give rise 
to fibrous-tissue formation or an abscess. The surface of the liver 
shows in places a whitish neLwork and also flat, china-white plaques. 
On section a marked increase in Glisson’s capsule rriay be seen, the 
portal vessels lying in circular or slightly oval areas of connective 
tissue. Gall-stones may also form round the ova in the gall-bladder. 
The pancreas and spleen may also be infected, and the vulva and 
vagina. 

The ova may also reach the lungs, causing a chronic interstitial 
pneumonia, and, passing through these organs, may enter the heart 
and the general circulation. 



Fig. 770. — Liver in Intestinal Schistosomiasis. 

(After Symmers.) 

Shows the increase of fibrous tissue in the portal canals. 

Symptomatology. — The incubation period seems to be one to three 
morfths. The clinical appearances of the disease may be classified 
into four varieties: — 

1. Slight infections. 

2. Schistosomic dysentery. 

3. Schistosomic tumours. 

4. Schistosomic fever. 

Slight Injections . — In these cases there are no symptoms, and the 
disease is discovered by the examination of the faeces by a microscope. 

Schistosomic Dysentery . — The symptoms resemble those of chronic 
dysentery, consisting of pains in the abdomen and the passage of 
blood and mucus. The faeces contain the characteristic ova. 
The attack begins with a hypersecretion of mucus, followed by 
frequent small motions containing but little faecal matter and much 
mucus. The result of these frequent motions is to cause prolapse 


ms INTESTINAL SCHISTOSOMIASIS 

Of the rectum. Papillomatous growths may form in the rectum, 
and can be distinguished from piles by their large number. The}- 
may protrude from the anus, when the removal and microscopical 
examination of a small portion will clear up the diagnosis. When 
the lower part of the rectum is involved, much agony from tenesmus 
and constant desire to defecate is experienced. The red al prolapse 
becomes very distressing, as it has to be constantly replaced by the 
patient himself, and as both the mucous membrane of the bowel 
and that of the anus become much inflamed and irritated. 

Incases in which there is much sclerosis, with a scarcity or absence 
of polypi, the dysenteric symptoms are not so marked. On the 
contrary, the patient complains of constipation, not relievable by 
ordinary methods, alternating with bouts of diarrhoea. 



Fig. 7/1. — Prolapse of the Rectum in Intestinal Schistosomiasis. 

(From a photograph by Christopherson.) 

Schisiosomic Tumours .- — When an emaciated patient in one of 
the endemic regions is examined, one or more abdominal tumours 
may be found in the region of the cecciim or colon. These tumours, 
which arc fairly hard, arc somewhat movable, and are usually 
elongated, with the long axis corresponding to the direction of the 
long axis of the bowel in the region in which the tumour is lying. 
The tumour, accidentally discovered, continues to increase in size 
for months and years, while the patient becomes very emaciated, 
and suffers from attacks of colic at times. 

Liver and Pancreas . — The liver may be found to be enlarged and 
cirrhotic, the spleen also be enlarged, and there may be signs of 
cirrhosis of the pancreas. 

If the patient removes from the endemic area, improvement will 
take place; but if he remains, then no cure appears to be possible, 
and he dies sooner or later from exhaustion. 

Blood . — The blood in intestinal schistosomiasis requires further 
study, but it would appear that usually there is a marked ansemia, 
with oligochromsemia, slight leucocytosis, and very slight eosino- 
philia. 
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Urine . — In cases uncomplicated with the presence of S. hcema- 
tohium there is no albumen, no sugar, and no ova in the urine. 

Schistosomic Fever . — Flu in 1911 reported that Schistosofri,a 
mansoni could give rise to an illness resembling katayama disease. 
Archibald has also called attention to the fact that intestinal 
schistosomiasis caused by 5 . mansoni is capable of producing a 
fever associated with splenomegaly, enlargement of liver, a poly- 
morphonuclear leucocytosis and lymphocytosis, together with a 
diminution or absence of eosinophiles. The absence of eosinophilia 
was constantly noted in intestinal schistosomiasis in contrast to 
urinary schistosomiasis when the reverse holds good. Two cases 
treated with an autogenous vaccine of the predominant coli organisms 
present in the stools derived benefit and lessened the symptoms 
of intestinal toxaemia. 

Urticaria has been noted by Lawton, who reports also presence of eosinophilia. 

Complications. — A case may be complicated with urinary bil- 
harziosis, ankylostomiasis, and other intestinal parasitic diseases. 

Diagnosis. — The diagnosis must be mrde by finding the charac- 
teristic lateral-spined eggs in the faeces. 

Prognosis. — The prognosis is unfavourable. It must be noted, 
however, that in some cases the parasite does not give rise to any 
distinct pathological symptoms for a long time. One of us has 
observed in Uganda several natives with eggs of S. mansoni in their 
faeces, although they w^ei e apparently in good health. The stools, 
apart from the eggs of the worm, were normal. 

Treatment.-— Christ opherson has recommended the intravenous 
injection of tartar emetic (antimonium tartaratum). He gives 
J grain dissolved in 20 minims of distilled water, and diluted with 
two volumes of normal saline at the time of use. The dose is in- 
creased by J grain every other day until 2 grains are reached, and 
this dose is continued until 30 grains in all have been injected. 
In children he began with J grain for a boy of ten years. Care has 
to be taken to avoid acute or chronic antimony poisoning, and the 
maximum dose for a boy of ten is given as i grain, for an adult 
2 to 3 grains. The drug appears to have a cumulative action. 

Christopherson’s results have been confirmed by Low, Taylor and 
others. 

Filix mas may be administered with the purpose of eradicating the worms, 
and symptomatic treatment may be carried out as mentioned under Urinary 
Bilharziosis. Madden advises an enterotomy and a cleaning out of the bowel, 
when a tumour can be felt, and a Vv hitehead’s operation may be done to relieve 
the rectal symptoms. Vincent has sugge.sted that large intestinal irrigations of 
a solution of sodium hypochlorite (8 to 10 per 1,000) should be given, and 
other authorities tannic acid enema ta (3 per 1,000), Some authorities recom- 
mend the intravenous or intramuscular injections of salvarsan, and others the 
use of emetine. 

Prophylaxis* — This is based principally on Leiper’s work. Filtered 
water should be used for all personal purposes. If this is not possible, 
tap-water should be stored for forty-eight hours before use, as 
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fi*eshly discharged cercarise do not usually live in it for more than 
twenty-four hours. Chemical sterilization may be carried out by 
using sodium bisulphate tablets, each containing i grm. of the 
chemical. Two tablets are dissolved in a quart water bottle. 
Leiper has shown that sodium bisulphate in a dilution of i in i,o 6 o 
is lethal to the cercariae. For small detachments of troops in outside 
districts Leiper recommends that the drinking-water should be 
separated from ablution water, the former being sterilized by boiling 
or by tablets of acid sulphate of soda, while the ablution water 
should be rendered safe for immediate use by adding ordinary Cresol 
in the dilution i in 10,000. 
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CHAPTER LXXX 

EPIDEMIC GANGRENOUS RECTITIS 

Synonyms.— Caribi^(British Guiana), El bicho (Venezuela). 

Definition. — An endemic very contagious disease of South 
America, and perhaps Fiji and other South Pacific Islands, of 
unknown causation, and characterized by dysenteric symptoms 
leading to prolapse and gangrene of theVertum, or at times to 
disease of the colon. 

History. — Chalmers and Archibald, in 1914, drew attention to the 
fact that an eighteenth-century writer, D. L. F., in his work 
entitled ‘ Traite des maladies particulieres aux pays orientaux,' 
had described this disease in Brazil under the name of ' bicho.' His 
report is similar to the latest information on the subject, which is 
curious. He wrote as follows: — 

‘ Du Mal que les Portugais appellent Bicho.' 

‘ Les Portugais habituez au Br6sil appellent encore Bicho, une inflamma- 
tion du fondement, qui est egalement friquente et dangercuse dans ce pays, 
elle est toujours suivie du mal de tete, d’epreintes, grande chaleur en la partie 
malade, et quelquefois de la ficvre. Si I'on la n6glig6 il s’y fait en peu de 
jours des ulceres venimeux, qui ont donn6 lieu au nom de Bicho. 

‘ Ceux qui se lavent souvent ces parties, sont moins sujets k cette incom- 
modite que ceux qui ne le font pas. D’abord qu'on s'en croit attaqu6, il faut 
6tuver plusieurs fois le jour, la partie avec une decoction de limons, k laquelle 
on ajoutera quelques grains de sel. L’on introduit aussi heureusement dans 
I’intestin, des petits quartiers de limon, ctcela arrete quelques-fois le mal tout 
court dans son commencement ; s’il y a deja une corruption notable. Ton k de 
coutume de detremper de la poudre a canon dans de I’eau de rose, ou de Teau 
de plantain, etde ce liniment Ton en imbibe de petits linges, que Ton met dans 
le fondement. Aprds I’avoir bien 6tuve avec la decoction de limons, quoy qu’il 
y ait de la iievre, il faut bien se donner garde de saigner dans cette occasion, 
I’exp^rience ayant fait connoitre que ce remede est fort pr^judiciable: Ton pent 
seulement donner frequemment les lavement anodins ou d^tersifs, suivant que 
la corruption ou I’inflammation, sont plus ou moins grandes, et purger douce- 
ment sur la fin.* 

More than one hundred and fifty years later Ackers of Cura^oa 
gave Manson an account of the disease as seen in Venezuela. It 
appears to us that some endeavour should be made to discover the 
aetiology of this disease and to study it by modern methods, which 
ought to be easy in an endemic area where animals are attacked. 

Climatology. — The disease is apparently known in Brazil, British 
Guiana, and Venezuela, and with perhaps the addition of Fiji and 
other islands in the South Pacific. 
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Etiology. — This is entirely unknown. The disease occurs in 
man and animals, fowls, dogs and calves, and is said to be very 
contagious. The Venezuelan natives say that it arises from children 
chewing the green tender stalks of unripe maize. 

Pathology. — The disease presents two pathological pictures — 
viz., a high infection in the colon, which is rare, and a low infection 
in the rectum. 

Symptomatology. — The disease begins as an itching about the anus, 
followed by symptoms of acute dysentery, which increase in severity 
until there is a constant discharge of blood-stained or greenish foetid 
fluid. Prolapse and gangrene of the rectum may now occur, or 
convulsions may supervene, but in either case the patient dies. 

Diagnosis. — In an endemic area severe dysenteric symptoms in 
a native child would lead one to suspect the disease. 

Prognosis. — This is extremely bad, as the disease appears to be 
always fatal. 

Treatment. — Natives treat the disease by enemata of strong 
lemon-juice mixed with dilute rum, a dose of castor oil being given 
at the same time. Enemata and decoctions of Spigelia anthelmia 
are also prescribed. In children a portion of a lemon is roasted and 
inserted per ahum. According to local medical men, "this native 
treatment is more efficacious than boric acid and similar enemata. 

Prophylaxis. — Nothing can be said with regard to this until the 
disease is scientifically investigated and its aetiology discovered. 
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DISEASES OF THE RESPIRATORY ORGANS 
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GENERAL REMARKS. 

Diseases of the respiratory organs are of common occurrence 
in the tropics, in the form of acute or chronic inflammation of the 
nose, throat, larynx, bronchi, or lungs. Pneumonia is less common 
than in Europe, and must be carefully diagnosed from pneumonic 
plague, liver abscess, and malaria, by careful physical examination, 
as well as by microscopical examination of the sputum and blood. 
Liver abscess may burst into the lung or pleural cavity, and may 
cause the expectoration of a peculiarly brown and viscid sputum. 
Emphysema asthma are fairly common, and all types of bronchitis 

are met with, though more rarely than in temperate zones. 

Phthisis is common, and appears to be increasing in the East, 
but it must be remembered that the pulmonary lesions of paragoni- 
miasis, histoplasmosis, bronchospirocha tosis, and certain broncho- 
mycoses, closely simulate this disease, and the examination of the 
sputum is imperative. The occurrence of Porocephalus in the lungs 
must also be remembered, and the intense congestion in heat-stroke. 
There are several conditions which deserve special mention with 
regard to tropical disease. 

RHINITIS SPASTICA VASOMOTORIA. 

Synonyms. — Rhinitis nervosa. Coryza spasmodica, Dispnee tropi- 
cale, Tropical hay fever. 

Definition. — A rhinitis characterized by fits of sneezing, With 
the production of much nasal piucus, and obstruction of the nose 
from swelling of the mucous membrane over the turbinated bones. 
The affection has the greatest resemblance to hay fever. 

History. — This disease appears to have been first described by 
Zegers in 1901, in Batavia, while Brero gives a full description in 
Meuse's ' Tropenkrankheiten,' and we have seen, seyeral cases iji 
Ceylon. O'Zoux ,has recorded numerous ,qase^, iu the j^laud of 
Reunion. , , , ,.r 
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Symptomatology. — The affection is characterized by attacking 
adults, in whom it causes violent fits of sneezing, lasting from a few 
minutes to two hours, during which time the victim sneezes ten to 
seventy times, while fluid pours from the nose, tears roll down 
from the eyes, the conjunctivse are injected, the eyelids swollen, 
the head aches, and the patient is unable to do his work. The 
attacks are repeated constantly, and may take place several 
times during the day, or may not recur for weeks. They may 
be associated with or followed by dyspnoeic conditions resembling 
to some extent asthma. At the beginning the mucosa of the 
inferior turbinated bone may appear hyperiemic, but later it 
becomes swollen, and has a macerated appearance. The disease 
therefore closely resembles hay fever, but is supposed to be caused 
by dust acting upon the nasal mucosa of persons, the resistance of 
whose nervous system has been lowered by long residence in the 
tropics. We have frequently met with the disease in people 
exposed to the dust of tea and copra. 

Treatment, — The only successlul treatment in many cases is a 
change of climate, when the symptoms stop at once. When the 
patient cannot have a change of climate, atropine and strychnine 
pills, or small doses of quinine, may be recommended, and locally a 
spray of a solution of cocaine (J or i per cent.) and adrenalin 
(i-2 per cent.). 

GANGOSA. 

Synonyms. — Rhinopharyngitis mutilans (Leys) ; Granuloma 
gangrenosum; Kaninloma (Fiji). 

Definition. — Gangosa is an ulcerative condition of the palate, nose, 
pharynx, and skin surfaces of the body, of unknown cause, though 
possibly a late sequela of yaws, which slowly spreads to the nose 
and larynx, destroying cartilage and bone, and causing much 
deformity. 

History. — The disease appears to have been first described in 
1828 by a Spanish Royal Commission to the Marianne or Ladrone 
Islands under the name ‘ gangosa,' which means ' nasal voice,’ and 
is derived from gangoser, ‘ to snuffle.’ It was carefully studied by 
Seligmann in British New Guinea in 1898 and 1904, who describes 
the implication of the skin of the face, and draws attention to the 
fact that it is the disease described by Sir William MacGregor as 
lupus and by the white residents as cancer. In 1906 the disease 
in the endemic area was studied by Fordyce and Arnold, by Leys 
in Guam, an island to the south of the Ladrone Islands, and by 
Mink and McLean in the Ladrone and Caroline Islands. In 1907 
a paper appeared by Musgrave and Marshall on a case from the 
Batanes Islands, 120 miles north of Luzon, and by Stitt on a case 
in a European in G-uam. It has been studied by Angeny and Kerr. 
Breinl has found it on Murray Island, and thinks that it closely 
resembles the condition known in Fiji as Kaninloma. 

Climatology. — There appears to be an endemic area for the 
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disease, it being common in the Batanes Islands (where the cases 
are mistaken for leprosy), in the Ladrone Islands, Guam, and the 
Caroline Islands. Cases occur also in Fiji, Murray Island, Panama, 
British Guiana, Ceylon, Nevis, Dominica, and Equatorial Africa. 
In the Anglo-Egyptian Sudan there is a disease closely resembling 
gangosa, though probably syphilitic. 

/Etiology. — Daniels and several other authors believe it to be a 
sequel to yaws, but Rat is opposed to this, as are Mink, McLean, 
Musgrave, and Marshall and Angeny, who point out that the disease 
is absent or very rare in many countries where yaws is common. 
Kerr, however, has noted that yaws is an almost constant antece- 
dent of gangosa. Alverez suggested that it was syphilis, but 
Musgrave, Marshall, and Leys are opposed to this, because no 
syphilis exists in Guam, where gangosa is common. There are no 
signs or symptoms of syphilis in this disease. Treponemata cannot 
be found, and mercury is without effect. It is not leprosy, because 
of the absence of nodules, infiltration, anaesthesia, and Hansen's 
bacillus. It is distinguished from epithelioma by the absence of the 
histological characters and metastases, as well as by the rapid onset 
and protracted course. It is excluded from tuberculosis by the 
absence of Koch’s bacillus and other symptoms of the disease, and 
the failure to inoculate guinea-pigs successfully. It may therefore 
be a separate disease of unknown causation, though we believe that 
it is probably a late manifestation of yaws. Schmitter regards it as 
a sequela of a special variety of yaws. It appears to be equally 
common in males and females. 

Pathology. — It appears to begin sometimes as a sore throat or 
coryza, or as a tubercle on the palate. In any case, an ulcer soon 
forms, which, though superficial at first, eats through cartilage and 
bone, with periods of quiescence and of activity. This ulceration 
is due to a necrosis of the tissue elements, with very little reaction 
on the part of the body. This reaction is apparently limited 
to a small-celled infiltration, some giant-celled formation, and 
proliferation of bloodvessels with formation of granulation tissue. 

Morbid Anatomy.— The post-mortem may reveal signs of some 
concomitant affection — for example, tuberculosis, pleurisy, or 
cardiac hypertrophy — which have nothing to do with the disease, 
the important features of which are ulceration and destruction, 
together with scar formation in the larynx, pharynx, palate, nose, 
and perhaps the antrum of Highmore. 

Histopathology. — Microscopically, the following changes are ob- 
served as the diseased area is approached from healthy tissue: First 
there is an oedematous infiltration, then an infiltration with round 
cells, which are principally lymphocytes, associated with another 
variety possessing more protoplasm, and a small dark nucleus. 
Sometimes there are giant cells and proliferating vessels, and there 
are always haemorrhages. Then comes a layer of necrosis, forming 
the surface of the ulcer, at the edges of which the epithelium can be 
seen sending processes into the subcutaneous tissue, which consist 
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of large vacuolated cells with pale vesicular nuclei. Some diplo- 
cocci, micrococci, and bacilli have been noted, but no acid-fast 
bacilli or Treponemata have been seen. 

Symptomatology. — The disease begins sometimes as a sore throat, 
and on examination a nodule maybe seen on the back of the pharynx, 
the posterior pillars of the fauces, or the ed^e of the soft palate. This 
becomes a superficial ulcer covered with a brownish-grey slough. 
This ulcer spreads rapidly at first, but more slowly later, and eats 
away first the soft parts, and then the bone of the palate, the nasal 



Fig. 772. — Gangosa. 

(From a photograph by Arnold.) 

septum, and the cartilages of the nose, so that the skin falls in, and 
the nose and mouth are converted into one cavity. It may then 
extend on to the face or lip, or affect the larynx. When it spreads 
over the face it may involve the eyelids, erode the cornea, and even 
destroy the vision. In some advanced cases the entire front of the 
face is replaced by a large opening ringed about by foul ulcers. 
Sensation is diminished over the ulcer, and a most objectionable 
odour is exhaled, while a slight discharge of granular and necrotic 
debris is generally present. The ulcers may also appear on the 
skin of the extremities or on parts of the body not usually covered 
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with the clothing. At times the ulcers may remain quite super* 
ficial, spreading at one edge while healing at another. Scarring 
similar to that seen after burns may result, which by contraction 
may lead to obliteration of the palpebral fissures, the nasal orifices, 
and to r^uce the size of the mouth, as well as to produce great 
deformities in the hands and feet. It may cause a chronic osteitis 
resembling that seen in syphilis. It appears to be in some way 
self-limited, as it does not attack the trachea or genital organs. 
The ulceration may progress continuously for a period of» ten to 
thirty-five years, or it may advance at certain times and be quiescent 
at others, or it may cease at any time, leaving a chronic ulcer. Its 
duration varies, therefore, from a few months to many years. 

With regard to the blood, Musgrave and Marshall report that 
their case showed no marked leucocytosis and no abnormal elements. 
The haemoglobin was 80 per cent., the leucocytes 11,600 per cubic 
millimetre, the small lymphocytes 10 per cent., large lymphocytes 
4*6 per cent., polymorphonuclears 82 per cent., cosinophiles 2-6 per 
cent., basophiles 0-4 per cent. Wassermann’s reaction is often 
positive. Kerr believes this to be due to progressed yaws. Noguchi's 
cuti-reaction may be positive. 

The disease is not limited to the throat and nose, but, as already 
stated, may spread to the face or appear on the extremities, but as 
a rule the general health is but little affected. 

Variety. — A fulminating variety has been described by Mink and 
McLean in children, which is fatal in forty-eight hours, and closely 
resembles diphtheria, without, however, the presence of the specific 
bacilli. 

Diagnosis. — The diagnosis has been practically discussed in the 
iEtiology, and need not be repeated, except to say that it must be 
made by a process of exclusion. 

Prognosis. — The disease is rarely fatal, and all cases tend to ulti- 
mate recovery, but the course is very long and the disfigurement 
great. The general health is also good as a rule, although death 
may take place from intercurrent disorders, such as tuberculosis, 
dysentery, and other internal causes. 

Treatment. — Mercury is useless and potassium iodide has little 
action on the condition. Salvarsan and neosalvarsan, or their 
substitutes, seem to give much better results. An application of a 
strong solution (i per cent.) of permanganate of potash is recom- 
mended as a deodorant, and local application of tincture of iodine or 
the actual cautery. 

Prophylaxis. — Nothing definite can be said under this beadingi 
as the aetiology is not known with certainty, but segregation of the 
patients in a colony or special hospital until they are cured is advis- 
able. In Guam, according to Angeny, the disease is steadily 
decreasing, thanks to the measures taken of segregating the patients, 
and possibly to the thorough treatment of yaws patients, and also 
probably to the improvement in general sanitation since the 
American occupation. 
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HIRUDINIASIS. 

Definition. — Hirudiniasis is the invasion of the nose, mouth, 
pharynx, or larynx by leeches. 

Remarks. — Leeches have already been described in Chapter 
XXVII. (p. 683), when it was mentioned that they were apt to invade 
the nose, mouth, pharynx, or larynx. Masterman has given a very 
excellent account of hirudiniasis as seen in Palestine. 

Climatology. — Leeches are most troublesome in Algeria, Palestine, 
and Ceylon, less so in the Philippine Islands, Java, Sumatra, 
Australia, and Japan. 

etiology. — It is the water-leech, which lives in springs, which is 
the cause of the trouble to man, as it is apt to be swallowed with 
drinking-water. This is particularly liable to take place when the 
traveller drinks the water hastily at dusk. 

Pathology. — ^The leech, when in the mouth, nose, pharynx, or 
larynx, does not suck blood until gorged, and then detaches itself 
from the affected part, as is the rule when it attacks the skin, but 
apparently biteS and sucks a little in one place, and then passes to 
another, and bites and sucks again, and so on. Of course the sites 
of the bites bleed, and hence the patient may in course of time 
become very anaemic, and even die. It is hardly likely that a leech 
could live in the stomach if swallowed, though such an occurrence 
has been described. 

Symptomatology. — The patient usually knows that he has 
swallowed a leech, and has felt the animal catch hold of the mucosa 
of the pharynx during the swallowing of the water. But children, 
and even adults, may be quite unaware of the accident having 
happened. The most important sign is the bleeding from the nose 
or mouth, or the hawking up of blood from the pharynx, or 
haemoptysis from the larynx, accompanied by a short irritating 
cough, dyspnoea, and sometimes cyanosis from the impediment to 
the respiration, Rhinoscopic or laryngoscopic examination may 
be necessary in order to see the parasite, and will require to be done 
with cocaine. In the larynx the head of the leech is usually fixed 
just inside or outside of the vocal cords, and the body may flop 
backwards and forwards with respiration. 

Diagnosis. — The bleeding and the examination with a nasal 
speculum or a laryngoscope make the diagnosis easy. 

Prognosis.^ — This is usually good if the parasite is removed in 
time, but if left for long, removal may be too late, and the patient 
succumb. 

Treatment. — Apply a pledget of cotton-wool soaked in 30 per 
cent, solution of cocaine to the parasite. This produces a paralyzing 
effect on the animal, and it can then be removed. As, however, the 
drug requires some time to act, and the leech might fall from the 
larynx into the trachea, it is advisable to make the patient lie 
prone on a couch, with the head hanging over, when the paralyzed 
parasite will be coughed up. 
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Prophylaxis. — Filtration of the water will prevent the parasite 
entering the body. Masterman says that a kind of carp, Capoeta 
jratevcula, will keep the water free from leeches. 

RHINAL CHILOPODIASIS. 

Definition. — Rhinal chilopodiasis is the invasion of the nose by a species of 
the Chilopoda (see p. 739). 

iBtiology and Symptomatology. — The Chilopoda have already been described 
in Chapter XXVIII., and it has been pointed out that Geophilu^ carpophagus 
Leach, G. similis Leach, G. electricus Leach, G. cephalicus Wood, LUhohius 
forficafus Leach, and L. melanops have been found in the nasal cavities, 
causing inflammation, with at times a great flow of mucus, while at others 
there is a stoppage of the discharge. Associated with this flow there is head- 
ache, with more or less marked remissions at times, and also general symptoms, 
such as convulsions, angina, dyspnoea, etc., which are though i; to be produced 
reflexly by stimulation of the fifth nerve. The symptoms are thought to be 
produced mechanically, and not to be due to any action of venom secreted by 
the parasite. 

Diagnosis is to be made by examination of the nose by a speculum. 

Treatment. — The affection is not serious, and often the parasite is expelled 
by merely sneezing. More rarely chloroform-water injections, snuff, eau-de- 
Cologne, or turpentine injections are needed. Still more rarely will a sinus, 
such as the frontal sinus, require to be opened. 

LINGUATULIASIS. 

Linguatula serrata Frolich, 1789, has been found occasionally in the nose of 
man in Europe and in the tropics (vide p. 732). 

RHINO-PHARYNGITIS SPIROCH^TICA. 

Definition. — A rhino-pharyngitis characterized by the presence 
of numerous spirochsetes in the nasal and pharyngeal secretion. 

Historical and Geographical. — This affection has been described 
by Castellani, who has found cases of it in the tropics, in 
the Balcanic-Adriatic zone, and one in England. 

AEtiology. — In the nasal and pharyngeal secretion large numbers 
of spirochaetes are present at the beginning of the attack, while other 
organisms are practically absent ; in a later sta^e, however, bacteria 
are present in great abundance. The spirochaete found — Spiro- 
schaudinnia minuta Castellani — is very delicate, more delicate than 
S. hronchialis. It can be put in evidence by the ultra-microscope, 
or by staining with various modifications of Romanowsky, the best 
for this particular spirochaete being apparently Jenner’s modification. 
Silver methods of staining (especially using Fontana-Tribondeau’s 
technique) give good results. In preparations stained with 
Romanowsky, or other modifications of this method, the organism 
takes often a pinkish-red or purplish tinge. The length of the organ- 
ism varies from 3 to 10 or 12 or more microns. The beginner should 
be careful not to mistake for spirochsetes undulating fibrin threads, 
particles of detached ciliated epithelium, and detached cilia. 

Symptomatology. — The affection does not clinically differ from 
an ordinary attack of coryza. There is sneezing, sero-mucous nasal 



t 682 


DISEASES OF THE RESPIRATORY ORGANS 


discharge, occasionally a slight cough. The patient may complain 
of headache, and there may be some slight fever. 

In a few days, as a rule, all the symptoms disappear, but occasion- 
ally the affection may run a much longer course, and may spread 
to the larynx, trachea, and bronchi. In two cases of bronchitis 
following an attack of spirochsetic coryza above described Castellani 
observed in the expectoration the same type of spirochaete, and 
it would appear, therefore, that there may be several types of 
bronchial spirochsetosis. 

Diagnosis. — This is based on the microscopical examination 
of the nasal and pharyngeal secretion. The beginner should be 
careful not to recognize as spirochsetes detached cilia and segments 
of undulating fibrin threads. 

Prognosis. — This appears to be favourable. 

Treatment. — A carbolic cocaine spray (carbolic acid 3 minims, 
cocaine hydrochloride i grain, water i ounce) will be found useful. 
Aspirin, pyramidon, and quinine may be administered internally in 
5 grain doses three or four times daily. In cases running a pro- 
tracted course arsenic may be tried. 

In a few cases of naso-pharyngitis preceding, at times, typical cases of 
bronchospirochaetosis the nasal and pharyngeal secretion may contain S. 
hronchialis, though this is rare. Several aetiological types of nasal spirochaetosis 
might therefore be, perhaps, distinguished. In the tropics one comes across 
occasionally ulcerative affections of the nose, with presence of numerous coarse 
spiroch?etes and BaeiJhis fiisiforniis, but these conditions have nothing to do 
with true rhino-pharyngitis spirochactica. 


BRONCHIAL SPIROCHAETOSIS. 

Synonyms. — Castellani's bronchitis (Galli Valerio), Spirochelose 
brohchopulmonaire de Castellani (Violle), Bronchite sanglante 
(Violle). 

Definition. — A type of bronchitis and broncho-alveolitis charac- 
terized by the presence of enormous numbers of spirochsetes in the 
expectoration. 

History.- — The affection was described by Castellani in 1905 
and 1906. He named the causative spirochaete 5 . hronchialis in 1907. 
Castellani’s findings were speedily confirmed by Branch, in 1906 
and 1907, in Kingstown, St. Vincent, and by Jackson, in 1908, in 
the Philippine Islands. In 1909 Waters described numerous cases 
of the disease occurring in India, and Phalen and Kilbourne a case 
in the Philippine Islands, where, in 1911, Chamberlain recorded two 
further cases. 

In 1913 Chalmers and OTarrell carried out an investigation 
on the malady in the Sudan, and succeeded in reproducing it in 
a monkey. In 1914 Taylor investigated the condition in Uganda. 
In 1915 Fantham published a classical paper on Spirocheta hronchialis, 
studying it completely from a morphological point of view, and de- 
scribed its granular stage and the intracellular forms of the parasite. 

In the same year Macfie reported cases from West Africa, and 
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Galli Valerio recorded several interesting cases of the malady in 
Switzerland, and Lurie one in Serbia. In 1917 Galli Valerio recorded 
further cases in Switzerland. In 1917 Violle first discovered the 
affection in Prance, making a very complete investigation and 
publishing numerous papers on it. Violle’s observations stimulated 
further research in France, and a number of cases of the malady 
were reported by Bine, Dide, and Ribereau, by Netter, by Dalimier, 
by Barbary, and others. Alcockhas described a case in an English 
soldier in the North of Italy. Villa and, later, Corvetto have 
recorded cases in South America. 

Geographical. — The disease has probably a cosmopolitan dis- 
tribution. It has been found in Ceylon, India, Philippine Islands, 
China and Indo-China, Nortli and Equatorial Africa, being 
especially common in the Sudan, West Indies, America, and 
recently in Europe in the Balkans, Italy, Switzerland. France, and 
England. 

iEtiology. — ^The disease is due to S. hronchialis Castellani, 
1907. Tlie parasite has been further investigated by several 
observers, and in a masterly manner, in 1914, by Fantham, who 
described its coccoid and intracellular stages. The organism is 
extremely polymorphic, being very variable in length, thickness, 
and the number of waves. One may distinguish thick and thin 
forms, long, short, and intermediate types. The length may vary 
between 5 and 30 microns, its breadth between 0*2 and 0*6 micron. 
A number of the parasites are between 14 and 16 microns, or 7 and 10 
microns, the latter resulting, as shown by Fantham, from transverse 
division of the former. 

The ends are of variable shape, but mostly somewhat acuminate. 

The number of spirals varies between two and eight. Flagella 
seem to be absent, but Fantham has noticed the presence of a 
delicate membrane or ‘ crista ’ in certain specimens. 

In fresh preparations S. hronchialis is actively motile for only a 
short time; the motile phase, as demonstrated by Fantham, is suc- 
ceeded by one of granule formation the granules or coccoid bodies 
representing a resting .stage from which new spirochsetes develop. 
Fantham has carefully compared S. hronchialis with the common 
mouth spirochaetes, and has come to the conclusion that they differ 
in several features. 5. hronchialis is more actively motile than the 
oral spirochastes; it dies, as observed first by Chalmers and O’Farrell, 
and later by Ta3dor, very quickly in fresh preparations, while the 
oral spirochaetes may live for hours outside the human mouth. 
Coccoid bodies are much more frequently produced by S, hronchialis 
than by the spirochaetes of the mouth. Intracellular stages are 
occasionally seen in the case of S, hronchialis, but not in the case of 
spirochaetes from the mouth. S. hronchialis stains ■ with more 
difficulty than the oral spiroch8etes> is slenderer than one of them, 
S, huccalis, and does not appear to produce pseudo-membranes. 

Predisposing Causes. — A chill acts, in our experience, as a very 
important predisposing or secondary cause. 
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Experimental Reproduction. — ^Chalmers and 0 Farrell have suc- 
ceeded in reproducing the disease in monkeys. Cases of human 
laboratory infections have been recorded by some authorities. 
Attempts to infect guinea-pigs and rabbits have failed. 

Method ot Inf ection.— Inf ection takes place from infected to healthy 
persons, the spray exhaled in coughing, etc., being contaminated 
with the spirochsetes or, more probably, according to Fantham, 
with the resistant coccoid bodies produced by 5 . hronchialis. It 
is also probable that a certain number of persons may harbour 
5. hronchialis, and that a chill or any cause decreasing their organic 
resistance may induce an increase in its virulence in the same way 
that a chill may act on the pneumococcus. To this latter possi- 
bility Violle and others have called attention. 

Symptomatology.— Three types of the disease may be distinguished 
— the acute type, the subacute type, the chronic type. 

Acute BronchospirochcBtosis. — In the acute type the patient 
feels chilly and develops fever, which generally is not very high, 
rarely exceeding 103° F. The fever may last between two and eight 
days. The patient coughs a great deal, and may have rheumatoid 
pains all over the body. The expectoration is scanty, muco- 
purulent, very seldom containing traces of blood. In most cases 
the general condition of the patient is not much affected; in others 
the patient feels very tired and ill. 

Subacute Bronchospirochcetosis. — The attack begins suddenly or 
gradually, and lasts between two and several weeks ; in many cases 
there is very little or no fever, and the general condition of the patient 
may be fairly satisfactory. The cough is frequent and there is often 
expectoration of pink jelly-like mucus, and true hccmoptysis may 
take place. The physical examination of the chest may reveal 
nothing at all, or only signs of simple bronchitis ; but at times patches 
of slight dulness with crepitations may be observed. The blood may 
show a slight degree of ansemia, but the number of leucocytes is 
normal, and so is the differential leucocytic count. 

Chronic BronchospirocJwiosis. — Chronic bronchial spirochsetosis 
may follow on an acute or subacute attack or several such attacks, 
but frequently the onset is quite insidious and slow. The patient has 
a chronic cough, which is in certain cases more severe in the morning. 
The expectoration is not very abundant, and may be muco-purulent 
in character, but in many cases for periods of two or three days, and 
even much longer, the expectoration contains blood. Sometimes 
attacks of genuine hdemoptysis occur, one or two teaspoonfuls or 
much more of blood being expectorated. In some cases there is no 
fever; in others a true hectic-like fever may be present. In some 
cases, however, the rise of temperature takes place in the morning, 
and not in the afternoon; in others the fever is present only occa- 
sionally, and is very irregular. The physical examination of the 
chest reveals in many cases very little except a few dry or coarse 
moist riles. In others there may be signs of consolidation. The 
general condition may remain fairly good for a long time, though a 
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certain degree of anaemia is often present. A few cases waste 
rapidly. 

The course of the disease maybe prolonged, with periods of great 
improvement and even apparent cure. 

BfonchospirochcBtosis in the Lower Animals , — Mendelson in Siam has 
recently made the interesting observation of the occurrence of a form of 
bronchopulmonary spirochaetosis in cats. 

Complications.— Pneumonia and bronchopneumonia have been 
observed. Rhinitis has been noted. The disease may be com- 
plicated with tuberculosis and bronchomycosis. 

Diagnosis. — ^This is based on the microscopic examination of the 
expectoration collected after rinsing the mouth and gargling with 
sterile water. The sputum may be examined fresh, using the dark 
ground illumination, or may be stained, using one of the 
many modifications of the Romanowsky stain, or nitrate of silver 
staining methods, such as the Fontana-Tribondeau, may be em- 
ployed. The SpirochcBta hronchialis is generally present in large 
numbers, while bacteria are very few. 

Differential Diagnosis.— The acute t ype is often mistaken for 
influenza or malaria. The examination of the sputum, in which no 
Pfeiffer’s bacilli are found, will distinguish the affection from 
influenza, and the examination of the blood will exclude malaria. 

Cases of the subacute and chronic type presenting blood in the 
expectoration are generally diagnosed as phthisis. The examination 
of the sputum for tubercular bacilli will be always negative, and the 
animal inoculations will remain without effect. The ophthalmo- 
and cuti-reactions are negative in the great majority of cases. 
Occasionally, however, cases of mixed infections of tuberculosis and 
spirochaetosis occur. From bronchomycosis the affection is dis- 
tinguished by the absence of fungi; cases of double infection, how- 
ever, bronchospirochaetosis, and bronchomycosis, may at times be 
observed, though very rarely. 

Spirochaetosis is easily distinguished from endemic haemoptysis 
by the examination of the sputum, which will show^ absence of the 
ova of Paragonimus ringeri Cobbold, and from bronchomycosis by 
the absence of fungi. 

Prognosis. — The prognosis is favourable quoad vitam, but the 
disease may take a chronic course with anaemia and wasting. 

Treatment. — In the acute cases all the symptoms as a rule 
disappear after a few days’ rest in bed. Codeine grain) and 

aspirin (5 grains) may be administered when the cough is painful 
and the patient complains of rheumatoid pains. In the subacute 
and chronic types of the disease, arsenic, introduced by Castellan! in 
the treatment of the malady since 1906, gives good results. It may 
be administered by the mouth in the form of liquor arsenicalis or 
arsenious acid pills, or may be given subcutaneously in the form of 
cacodylates. Plaut and Galli Valerio recommend salvarsan. 
When the expectoration is profuse, glycerophosphates and balsamics 
are useful. 
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in certain cases tartar emetic, especially if combined with arsenic, is 
efficacious. The following formula may be used: — Tartar emetic, graip; 
liquor arsenicaUs, 2-3 minims; codein, J grain; glycerine, i drachm; syrup of 
tolu, I drachm; aquae chloroformi, i drachm. One ounce to be taken tliree 
times a day well diluted . 

m Occasionally in cases with very dry cough, potassium iodide may be found 
useful; for instance: — Tartar emetic, grain; potassium iodide, 5 grains; 
bicarbonate of soda, 10 grains; glycerine, i drachm; syrup of tolu, i drachm; 
chloroform water, i ounce. One ounce to be taken three times a day well 
diluted with water. 

Dalimier recommends injections of camphorated oil with gomenol in acute 
cises, and Liquor Fowleri in cinchona wine in chronic cases. 


TROPICAL BRONCHOMYCOSES. 

General Remarks. — Affections of the bronchi and lungs due to 
fungi are common in the tropics, though very little attention has 
been paid ;to them till recently. These conditions may be due to a 
variety of .fungi, and may be classified in several groups : — 

T. Due to fungi of the genus Monilia Persoon. 1797 ; Oidium Link, 
1809; Saccharomyces Meyen, 1833; Willia Hansen, 1904; Cryptococcus 
Gilchrist and Stoker, 1896; Coccidiodes Rixford and Gilchrist, 1898. 

2. Due to fungi of the genus Hemispora Vuillcmin, 1906. 

3. Due to fungi of the genus Nocardia Toni and Trevisan, 1899; 
Cohnistreptothrix Pinoy, 1911. 

4. Due to fungi of the genus Aspergillus, 1729; Sterigmatocysiis 
Cramer, 1869 ; Penicillium Link, 1908; Mucor Micheli, 1729; 
Rhizomucor Lucet et Costantin, 1900; Lichtheimia Vuillcmin, 1904. 

5. Due to fungi of the genus Sporotrichum Link. 1809. 

For description of above fungi the reader is referred to Chapters 
XXXVfl., p. 967, XXXVIIL, p. 978, and XXXIX., p. 1035. 

The symptoms are somewhat similar, whichever fungus is the 
tTetiological factor. In mild cases there eire signs of slight bronchitis 
with muco-purulent expectoration in which the fungi are found. 
In severe cases the patient presents all the symptoms of phthisis, 
with hectic fever and haemorrhagic expectoration. 

Mild cases may get cured spontaneously; but they are often 
benefited by potassium iodide. We will describe in detail the forms 
of bronchomycosis which has been more completely investigated. 

Bronchomoniliasis. 

Synonyms— Broncho-alveolar moniliasis (Cast eUani) , Broncho- 
blastomycosis pro parte. 

Definition. — An infection of the bronchial mucosa due to fungi of 
the^enus Monilia Persoon, 1797. 

Historical. — Since 1905 Castellani has published many cases, 
divisible into a mild type and a severe type of the disease, and has 
described several new species of Monilia. Castellani’s work has 
recently been confirmed by Pij per, ^ Pantin, and other observers. 
Magrou has recorded a case in France in 1916. 
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Geographical Distribution. — -The disease is found all over the 
tropics, especially in places with a damp climate, such as Ceylon 
and the Malay Peninsula. The affection may be met with also in 
Europe and America, cases having been recently recorded by Pinoy, 
lacono, and others. 

Etiology. — In Ceylon the malady is generally due to Monilia 
tropicalis Castellani, 1910. The same fungus may be found in 
cases coming from South India and the Malay States. It would 
appear that the fungus is the real cause of the disease, as no other 
aetiological agents, such as the tubercle bacillus, etc., are found. 
Moreover, when the patient gets better, the fungus becomes very 
scanty, or disappears completely. In some cases other species of 
the fungus may be observed, but it is doubtful whether all of these 



Fig. 773. — Fungus from a Case of Bronchomycosis (Undetermined). 

are really pathogenic. These species arc Monilia parairopicalis 
Castellani, M. pinoy i Castellani, M. guilliermondi Castellani, M, 
negrii Castellani, M. Candida Castellani, M. nivea Castellani, M, 
insolita Castellani, M. pseudotropicalis Castellani, M. lacticolor 
Castellani, M. nitida Castellani, M. lactea Castellani, M. hrnsei 
Castellani, and other monilia-, among which M. hethaliensis Pi j per. 
For the cultural characters of these species see p. 1079. 

The infection may take place from man to man, and also probably 
by the fungi living saprophytically in nature. Monilia -like fungi 
are extremely common in Ceylon in tea-dust, and it is very probable 
that the so-called ' tea-factory cough ' is a type of moniliasis. 

Symptomatology. — A mild and a severe type of the malady may 
be distinguished. In the mild type the general condition of the 
patient is fairly good, there is no fever, and he simply complains of 
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covtgh. The expectoration is muco-punilent and very often scanty, 
and no blood can be seen. The physical examination of the chest 
wUl reveal only a few coarse rales or absolutely nothing. The 
condition may last several weeks or months, and may get cured 
spontaneously, or, continuing, may turn into the severe type. The 
severe type closely resembles phthisis; the patient becomes ema- 
ciated, there is hectic fever, muco-purulent and bloody expectora- 
tion. Occasionally true haemoptysis occurs, a teaspoonful or more 
of bright blood being spat up at a time. The physical examination 
of the chest may show patches of dulness, fine crepitations, and 
pleural rubbing. This type is often fatal. Between these two 
extreme types there are of course cases of intermediate severity, 
apyretic or with subcontinuous and continuous fever,, and more or 
less marked bronchial and broncho-alveolar symptoms. 



I'n.. 774.— Sputum in Bronchomoniliasis (Severe Case). 

(From a preparation stained with methylene blue.) 

Diagnosis.— The diagnosis of moniliasis is based on finding the 
fungus in the sputum. It is absolutely necessary that this should 
be collected in sterile petri dishes and examined as soon as possible, 
as sputum exposed to the air becomes contaminated with all sorts 
of fungi in the tropics. In fresh preparations of the expectoration 
spore-like, roundish, or oval cells 4 to 6 /a are seen, often presenting 
a double contour, alone or more rarely with some mycelial articles. 
The fungus is Gram-positive. 

To identify the fungus cultural researches are necessary. A particle of the 
sjmtum IS smeared on maltose or glucose agar plates; after two or three days 
white, rather large, roundish colonies appear, easily distinguishable, even 
macroscopically, with a little practice, from the colonies of cocci and other 
bacteria. The fungus colonies are further investigated by inoculating maltose 
agar, ordinary agar, gelatine, serum, and a set of sugar broths. All the 
species of Monilia found in our cases grow well on ordinary agar, but much 
more abundantly on maltose and glucose agar, especially if slightly acid. 
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On these media the growth, which is generally white with a smooth surface 
when young, slightly crinkled when old, is composed practically of globular, 
yeast-like cells, while in the water of condensation globular cells and mycelial 
elements are found together. A little mycelium may, however, be found also 
occasionally in the growth on the slope. On serum all the strains produce at 
first a white growth, but some, later on, induce a peculiar brownish- black 
discoloration of the medium round the growth. Most species do not liquefy 
the medium. 

On gelcitine all the species grow fairly well; a few, including Monilia 
albicans, produce liquefaction of this medium. In milk some do not produce 
either acid or clot, others produce a temporary or permanent Pcidity, others 
clot the milk or peptonize it. The reactions in the various sugar broths are 
important, and in association with the behaviour of the fungi on serum, 
gelatine, and milk, give the data on which to differentiate the various species 
[vide p. 1081). 

Differential Diagnosis. — Primary bronchomoniliasis, as described 
in this chapter, should be distinguished from the secondary broncho- 
moniliasis occasionally met with in cachectic patients suffering 
from cancer, diabetes, tuberculosis, etc. In such cases there is 
generally thrush of the oral mucosa, and the thrush Monilias spread 
to the pharynx, larynx, and bronchial mucosa, while in primary 
bronchomoniliasis the oral mucosa is not, as a rule, affected. 

From pulmonary tuberculosis the condition is distinguished by 
the absence of the tubercle bacillus in the sputum and the negatiye 
animal inoculations. Cases of mixed infection, however — tubercu- 
losis and moniliasis — are occasionally met with, the sputum con- 
taining both the tubercle bacillus and the Monilia fungi. 

From bronchospirochaetosis it is recognized by the absence of 
spirochastes, though occasionally cases of mixed infection occur ; from 
endemic haemoptysis by the absence of the ova of Paragonimus 
ringeri Cobbold. 

Prognosis. — ^Thc cases of a mild type may recover spontaneously 
or under appropriate treatment. Those of the severe type usually 
end fatally. 

Treatment. — Mild cases and those of medium gravity respond 
often to potassium iodide (gr. x. to xx.) given well diluted in water 
or milk three times daily. When potassium iodide causes severe 
symptoms of iodism. saiodin in the same doses (in cachets) may be 
administered. In the cases of the severe type we have seen no 
improvement from the many different treatments administered. 
Potassium iodide, however, should always be tried also in these 
cases, as well as balsamics. The diet should be nourishing; hypo- 
phosphites and glycerophosphates may be tried to keep up the 
strength of the patient, as in phthisis, 

Broncho-Oidiosis. 

Synonyms. — Bronchial oidiomycosis, Broncho-endomycosis. 

Historical. — Cases have been described by Blanchard, Chantemesse 
and Vidal, Linossier, Pinoy, Castellani, and others. 

Geographical Distribution. — ^The same as bronchomoniliasis. 
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JGtiology. — The following species of the genus Oidium Link have 
been found in cases of bronchitis, although it is doubtful whether 
they are all pathogenic : — 

Oidium lactis Link, including 0 . laciis A, a variety described 
by Linossier. 

Oidium matalense Castellani. 

Oidium rotundatum Castellani. 

Oidium aster oides Castellani. 

For description of these fungi the reader is referred to 
Chapter XXXIX., p. 1093. 

Symptomatology. — This is identical with that of bronchomoniliasis, 
and two types may be distinguished: the mild type and the severe 

one. 

Prognosis. — Favourable in a certain number of cases, but cases 
are met with which do not respond to any treatment and terminate 
fatally. 

Diagnosis. — This can be made only by cultural methods. 

Treatment. — Potassium iodide should be tried in all cases, but 
its action in a large number of them is very uncertain or completely 
negative. It may be given in combination with glycerophosphates. 
A change of climate is often useful. | 

llBronchohemisporosis. 

General Remarks. — This bronchomycosis has been described by 
Castellani. The fungus found so far is Hemispora rufiosa Castellani, 
a description of which will be found in Chapter XXXIX., p. 1108. 

Symptomatology. — The symptoms are very similar to those seen 
in bronchomoniliasis, and a mild and a severe type of the affection 
may be distinguished. In tlie mild type the general condition of 
the paUent is good, there is no fever, and he simply complains of 
cough. The expectoration is muco-purulent and does not contain 
blood. The physical examination of the chest is negative or reveals 
only a few rales. The severe type closely resembles phthisis. The 
patient becomes emaciated, there is hectic fever, and the expec- 
toration may be bloody. The physical examination may reveal 
patches of dulness, fine crepitations, pleural rubbing. 

Complications. — The affection may be complicated with a 
tonsillitis, caused by the same fungus and characterized by the 
l^resence of yellowish or greyish patches; at other times the 
tonsillitis is the primary lesion. 

Treatment. — Potassium iodide seems to be more efficacious in this 
condition than in bronchomoniliasis. It should be given in lo-grain 
doses, well diluted in water or milk, twice or four times daily. 
Glycerophosphates and balsamics are useful. 

Tea-Factory Cough. 

This affection described by Castellani in 1910, is common in 
Ceylon. It is probably a form of broncho-mycosis. Coolies 
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working in tea- factories are occasionally observed to deteriorate 
in their general health, losing flesh and becoming easily tired ; at the 
same time they develop a cough with muco-purulent expectoration. 
The physical examination of the chest reveals nothing except 
occasionally a few coarse rales. If these coolies are taken away 
from the factory ^nd sent to work in the flelds, all the symptoms 
slowly disappear. 

A similar affeclion may be observed in tea-tasters. Tea-1 asters, 
in order to jiielge of the quality of teas, not only taste infusions, but 
frequently fill tlieir haneis with the leaves and bury their noses in 
them, snuffing them up; in this way a certain amount of tea-dust 
enters their nasal cavities, and with the tea-dust the micro- 
organisms which are found in it. According to the researches of 
one of us, tea and tea-dust in Ceylon contain: — 

1. Fungi of the genus Manilla constantly. 

2. Fungi of the genus OHium occasionally. 

3. Fungi of tlie genus Aspeygillns, SterigmaiocA'stis, and Peni- 
cillhim frequently. 

4. A peculiar streptococcus, somewhat different fia^m S. pyogenes, 
frequently. 

It is interesting to note that such germs arc very rare or absent 
in samples of tea examined in England. The same organisms. may 
be founel, in Ceylon, in nasal cavities of tea-tasters: in their ex- 
pectoration the Monilia-Y\ke fungi are practically constant, the 
streptococci very frequent, while Aspergillus and Penicillium hm§i 
are rare. Guinea-pigs in whose nostrils tea-dust is daily insufflated 
for months develop a broncho -alveolar moniliasis. 

Bronchial Aspergillosis. 

Synonyms. — Broncho-alveolar aspergillosis, Aspcrgillar pseudo- tuberculosis, 
Pneumomycosis of aspcrgillar origin. 

Deflnition. — A form of bronchitis and broncho-alveolitis due to fungi of 
the genus Aspergillus Michali, 1729, and Sterigmaiocystis Crnmer, 1869 (p. 1026). 

Historical. — The condition has been studied by Virchow, Lichtheim, Dieula- 
foy, Chantemesse, Widal, one of us. Wise, and others. 

Climatology. — The geographical distribution of the disease seems to be 
cosmopolitan. It is very common in certain parts of France, and one of us has 
seen two cases in the Balkans. In the tropics we have seen some cases in 
Ceylon and Tropical Africa, and Wise has reported a case from British Guiana. 

AStiology. — The condition is due to fungi of the genus Aspergillus Micheli 
and Sterigmatocystis Cramer. It is common especially in people who have 
to handle various grains on which spores of those fungi are often found. In 
France it is extremely frequent among pigeon-breeders (gaveurs de pigeons), 
who fill their mouths with grain and blow it into the mouths of the pigeons. 
Of the two cases observed by us in the Balkans, one was apparently due to 
A spergillus fumigatus Fresenius, the other to Sterigmatocystis nigra Cramer. 

It is probable that the deleterious effects caused by the fungi are due not 
only to a mechanical irritative action, but also to toxins secreted by the fungi. 

Morbid Anatomy, — The lungs, and occasionally the liver, kidneys, and other 
organs, may show a type of pseudo-tuberculosis characterized by the i^resence 
of numerous mycotic tubercular-like nodules. 

Symptomatology. — The presence of the fungi in the bronchi, when in smal 
amount, may not give rise to any symptom. When the infection is heavy. 
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symptoms of bronchitis with muco-purulent, and occasionally bloody, expec- 
toration are present, and in severe cases the patient may have hectic 
temperature, with sweatings and great wasting. 

Diagnosis. — This is based on finding the fungus. It is to be noted that in 
the sputum as a rule only mycelial threads are found, and cultivations are 
therefore necessary. 

Prognosis. — Mild cases often recover, but in severe cases with bloody ex- 
pectoration the prognosis is bad. 

Treatment. — A change of climate and, when the condition is brought about 
by certain occupations, a change of occupation is very beneficial. Potassium 
iodide (gr. xv. to xx.) may be administered. 

Bronchial Penicilliosis. 

One of us has observed cases of bronchitis and broncho-alveohtis due to 
fungi of the genus Penicillium in the tropics and one in the Balcanic zone. The 
fungus isolated from the last case was P. crustaceum Linnaeus. 

The symptomatology, diagnosis, and treatment are the same as in Bronchial 
Aspergillosis . 

Bronchial Mucormycosis. 

Cases of bronchitis caused by fungi of the genus Mucor Micheli, 1729, 
Lichtheimia Vuillemin, 1904, Rhizomucov Lucet and Costantin, 1900, lihizopus 
Ehrenberg, 1820, may be mer with, but are of rare occurrence. The sympto- 
matology is the same as that of Bronchial Aspergillosis. We have seen a case 
in the Balcanic zone due to Mucor mucedo Linnaeus. For description of the 
fungi see p. 972. 


Bronchial Sporotrichosis. 

A few cases have been described ot a bronchitis due to fungi of the genus 
Sporotrichum Link, 1809. 

Undetermined Bronchomycosis. 

One of us has tlescribed cases of bronchomycosis due to fungi which have no I 
yet been classed . 


PULMONARY NOCARDIASIS. 

Synonyms. — Pulmonary strep to thromycosis. Pseudo-tuberculosis. 

Definition. — Ikilmonary nocardiasis is an infection of the lung, and usually 
other organs, with a species of the fungal genus Nocardia Toni and Trevisan, 
in which the signs and symptoms more or less resemble those of phthisis. 

Historical. — In 1897 Flcxner described tliis disease, isolating the causal 
organism, which he named Sireptothrix pseudoiuberculosa Flexner, 1897. In 
the same year Buchholz found a similar case in Berlin, and Scheele* and 
Petruschky described a third at the Wiesbaden Congress. In 1902 Birt and 
Leishman met with a case in a soldier, and since then similar cases have been 
recorded by Foulerton, by Roger, Bory, and Sartory in 1909, and have been 
seen by ourselves in Ceylon, the Balcanic zone, and the Anglo-Kgyptian Sudan, 
and by Pijper in South Africa. 

Climatology.— ‘The disease occurs in the Temperate and Tropical Zones, in 
the New and the Old World, and may therefore be widespread. 

/Etiology. — The causal agents appear to be varying species of nocardia— 
thus, for example, Flexner's case was caused by Nocardia pseudoiuberculosa 
(Flexner. 1897) ; Birt and Leishmanks case by Nocardia leishmani Chalmers and 
Chris topherson, 1916; Scheele and Pctruschky's case by N. gedanensis (Scheele 
and Petruschky, 1897); and Foulerton’s organism by N.foulertoni Chalmers 
and Christopherson, 1916; while Roger, Bory, and Sartory's organism is 
called N. pulmonalis (Roger, Bory, and Sartory, 1909). Very commonly these 
fungi are present in the sputum as acid-fast rods which may or may not appear 
in branched form. When present in rod -like forms they give rise to an appear- 
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ance somewhat resembling the tubercle bacillus. Other species of nocardia, 
also found in sputum, may not be acid -fast, and these are more easily recognized. 

Morbid Anatomy. — As a rule the appearances found post-mortem are not 
unlike that of tuberculosis. There is consolidation, necrosis, and cavity 
formation in the lung, with or without the signs of caseous pneumonia or of 
calcareous deposition, or there may be small cirrhotic nodules scattered 
through the lung. There may also be nodules in the liver, spleen, peritoneum, 
and lymph glands, and there may be chocolate-coloured exudate into the 
pleural or peritoneal cavities. This exudate may be odourless or foetid in 
odour. The fungus can be easily found in these pseudo-tubercles. 

Symptomatology. — In general it may be stated that the symptoms resemble 
those of phthisis, and as such the disease is usually recognized. Usually there 
is fever, cough, a muco-purulent sputum containing blood at times and showing 
acid -fast rods resembling theBacillus tuberculosis, but careful search may reveal 
a few elongate or branching forms. The physical signs are those of chronic 
broncho-pneumonia, with or without cavity formation, and Wth or without 
those of pleural effusion. The liver and spleen are often enlarged. The cases 
usually go from bad to worse, and end in death. 

Diagnosis. — Many of these cases are diagnosed as pulmonary tuberculosis 
at the present time. The correct diagnosis can only be established by a 
careful examination of the sputum, by microscopical and bacteriological 
methods, including the culture of the organism. 

The differential diagnosis has to be made froi.x phthisis and liver abscess. 

It may be distinguished from phthisis by the recognition of the beaded 
branched organism in the si)utiim and the culture of it therefrom. 

In cases giving a history of dysentery and exhibiting enlargement of the 
liver, fever, and a purulent chocolate-coloured effusion into the pleural cavity, 
the diagnosis can only be effected by finding the fungus and by the absence of 
any pus in the liver. In such cases the dysenteric amoeba may be present in 
the faeces. 

For the morphological and cultural characters of the species of nocardia 
see Chapter XXXIX., p. 1040. 

Prognosis. — So far the prognosis is very bad, as all known cases have died. 

Treatment, — Iodide of potash in large doses may be tried or a vaccine made 
from the patient’s causal organism. 

Prophylaxis. — Nothing whatever can be said on this part of the subject. 
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GENERAL REMARKS. 

In this chapter we merely make a fei2’ allusions to some points of 
tropical importance with regard to the blood and the organs which 
produce and circulate it. The subject is not merely a large one, but 
is of great importance in the tropics, and our few remarks are merely 
of an introductory nature. 


THE BLOOD. 

We in no way intend to enter at all fully into an important study 
of the blood, which is to be found in detail in the special books 
devoted to its elucidation; but we desire, in the briefest manner 
possible, to present to the reader a few remarks which have a direct 
bearing upon the various references which we have made from 
time to time in the preceding chapters with regard to it. 

The Erythrocyte. 

In embryonic life the first sign of the blood cell is to be found in 
those mesoblast cells of the vascular area which contain haemoglobin 
and are called megaloblasts, and to these are added later similar 
cells without haemoglobin and found in the liver. In post -embryonic 
life these cells are found in the red marrow lying at the ends of long 
bones and in fiat bones, and normally do not appear in the circulating 
blood, but arc the parents of the normoblasts, which are commonly 
found in the blood after mid-term of foetal life and in the red bone- 
marrow of post -embryonic existence. 

These normoblasts, multiplying by mitosis, are the source of the 
erythrocyte, which alone is the proper denizen of the circulating 
blood. 

An erythrocyte, according to von Schilling-Torgau, is saucer- 
shaped, with a thickened edge, and consists of: — 

I. An ectoplasmic c^Wmemhrane, inside which lies the endoplasm, 
of which the peripheral portion is condensed to form the endoplasmic 
capsule, which is Weidenreich'scholester in-lecithin membrane, inside 
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which lies the stroma, in the form of a network of protoplasmic 
threads and nodes, which contains the haemoglobin, and in the 
saucer-shaped corpuscle forms a cap over the archoplasm, which lies 
just over the concavity of the saucer. 

2. The archoplasm is composed of a central clear haemoglobin-free 
area, and is composed of a glassy body, which is rest material, and 
which in ordinary cells forms the achromatic spindle in mitosis. 
Excentrically placed and surrounded by the glassy body lies the 
capsule corpuscle, near which lie two sharply defined bodies embedded 
in a substance which may contain a vacuole. These are the 
centrioles. 

3. The blood plate is the metamorphosed nucleus of the normo- 
blast, which lies excentrically on one side of the archoplasm. It is 
easily extruded in making the blood film, and gives rise to the blood 
platelets which are so well known. Its peculiar appearance is 
possibly due to physiological modification during mitosis of the 
normoblast. 

4. M eve's plastokonten arc granular bodies of unknown nature 
scattered through the erythrocyte, but mostly seen near the 
archoplasm. 

As we shall see later, these various parts of the erythrocyte are the 
explanation of the intracorpuscular blood puzzles and the origin of 
the numerous intracorpuscular pseudo-])arasites of many observers. 

The red corpuscles number some five millions in a healthy male, 
and some four and a half millions in a healthy adult female under 
the climacteric age, but there are physiological increases of these 
numbers in infancy, by cold and at high altitudes, while race has 
but little influence. 

Pathologically they can be increased by mechanical means — 
e.g., the concentration of the blood caused by diarrhoea, sweating, 
vomiting, and polyuria, or by heart disease. They can also be in- 
creased in toxic conditions and in polycythemic splenomegaly. 
They may be decreased by any mechanical, toxic, or parasitic cause 
which induces blood destruction. 

The normoblasts of the bone-marrow may accidentally occur in 
the normal circulating blood as an isolated form, but in numbers 
they indicate that there is an abnormal demand for erythrocytes — 
as, for example, after a haemorrhage. A normoblast is about the 
same size as an erythrocyte (7*5 microns), but contains a rounded 
nucleus composed of a nuclear membrane containing dense chro- 
matin and measuring about 4 microns. 

The megaloblasts may be found in the circulating blood if some 
toxin is attacking the bone-marrow. They are usually of large size 
(20 microns), but this is not their characteristic, which is the large 
nucleus measuring some 10 microns and containing loosely arranged 
chromatin. The nucleus may undergo the usual changes, and the 
megaloblast become a megalocyte. 

Microblasts are small cells or abnormal normoblasts or megalo- 
blasts. 
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The Leucocyte. 

In post-embryonic life the home of the leucocyte or colourless 
blood cell is the bone-marrow. They may be divided into the 
hyaline cells or lymphocytes, which are the least differentiated 
cells, both ontogenetically and phylogenctically, being the first 
to appear in the embryo and in the lower animals, and t he granular 
cells or leucocyte sensu stricto, which are more highly evolved cells. 

It is usual to consider the large lymphocytes, the small lympho- 
cytes, the large mononuclears, and the transitional cells, as all 
belonging to the same denomination. According to Heidcnhain, 
there is a tendency on the part of the centrosome to reach the centre 
of the lymphocyte, being pulled thereto by cytoplasmic radii. 
It is, however, prevented from assuming this position by the nucleus, 
which succeeds in this obstruction in the case of the small and 
large lymphocyte, because there is insufficient cytoplasm; but in the 
case of the large mononuclear it pushes the nucleus to one side, and 
in the case of the transitional it so inchmts thenucleus that it attains 
in both cases the central position. Thus the sinah lymphocyte by 
growth can become the large lymphocyte, from which are descended 
the large mononuclear and the transitional, which may, therefore, 
be reckoned as a single type in making a differential count. 

The small lymphocyte is about the size of an erythrocyte, but 
somewhat smaller; it possesses a rounded or slightly indented 
nucleus, colouring deeply with basic stains, and surrounded by a 
very slight amount of cytoplasm, which shows a reticulum with 
basophile granules as the nodal points. There are also some 
azurophile granules. 

The large l3anphocyte is larger, reaching to 20 microns, and is 
characterized by a central roundi.sh or slightly indented nucleus, 
which contains less chromatin than in the small variety. There is 
more abundant cytoplasm, which does not stain so deeply, but 
contains the same reticulum and Wolff’s azurophile granules. 

The large mononuclear leucocyte possesses an excentric nucleus 
relatively poor in chromatin, surrounded by a larger amount of 
cytoplasm, with the usual reticulum and azurophile granules. 

The transitional cell has its nucleus indented into a horseshoe 
or sometimes twisted. Lymphocytes and myeloblasts may contain 
fuchsinophile granules called Schridde’s granules. Ihe true leuco- 
cytes or granular white cells are classified according to their 
graiiules into neutrophile, eosinophile, and basophile. Their pareni s 
are the myelocytes of the bone-marrow, which are cells of large size 
possessing rounded pale-staining nuclei and the granules typical of 
the particular leucocyte to which they are to give rise. 

The most primitive form is the eosinophile leucocyte which is so 
common in lower animals. It probably has a secondary home in 
connective and lymphoid tissue. They are characterized by their 
large retractile granules, which have an affinity for acid stains and a 
twisted, trilobed, or dumb-bell-shaped nucleus. 
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The polymorphonuclear neutrophile leucocyte is generally 
called by the first portion of its name. It varies considerably m 
size, and is characterized by alobulated nucleus in which the lobules 
vary in number, but however separate they may appear, are always 
connected by fine threads. It isuponthislobulation that the 
count is based, and the form of the nucleus can be explained in the 
same way as in the transitional (vide supra). 

The basophilc leucocyte or mast cell has a trilobed nucleus poor 
in chromatin and a cytoplasm containing basophile granules. The 
corresponding myelocytes may under abnormal circumstances 
be found in the circulating blood, and even at times the pro-myelo- 
cytes, which resemble myelocytes, but possess a basophile cytoplasm 
with a few neutrophile granules. More rarely cells with a large 
rounded nucleus containing a fine chromatinic network and tliree 
to four nucleoli, and surrounded by an intensely basophile cytoplasm, 
may be seen. These are Naegeli’s myeloblasts. 

Under pathological conditions such as amemia, with jaundice 
and leucocythemia, a few plasma cells may be seen in the blood. 
They are triangular, with an excentric nucleus and a markedly 
basophile granular cytoplasm. 

The number of wiiitc cells varies from time to time from about 
5,000 to 9,000 per cubic millimetre, but the average is about 7,000, 
or one to every 700 erythrocytes. 

Following Gulland and Goodall, Ihe average differential count is 
as follows: — 


Po ly ni o rp bo lui c 1 car iieii 1 ropl 1 i 1 c 1 cii c ocy t es 
Small lym[)bocytes . . 

Large lymphocyte's .. 

Eosinopbilc leucocytes 
Basophile leucocytes 


Per Cent. 

70] 

20 > Average. 

5} 

1 1 Maximum. 


T\\q A met h count formulated in 1904 is based upon the number 
of lobules in the nucleus of 100 polymorphonuclear or 100 eosinophile 
leucocytes. Class I. contains those with a single rounded or in- 
denteci nucleus, and would include any neutrophile myelocyte which 
happened to be present. Class II. has two, Class III. three. Class JV. 
four, and Class V. five lobules. The numbers in Classes I. and II. 
added together give the Arneth index, and in Classes L, IT, and 
half III. give tlie Bushnell-Trenholtz index. Arneth subdivided 
each class into smaller groups by the indentations and the character 
of the loops and lobes, but these are not now considered. -He 
restricted his counts to polymorphonuclears, but to-day eosinophile 
leucocytes arc also considered. In counting it is wise to follow 
Chamberlain and Vedder, and to consider as one, lobules with a 
distinct isthmus, and in cases of doubt to place the number in the 
higher class. Arneth considered that the youngest cells were those 
in Classes I. and IT, and that those in Class V. were the oldest, while 
Classes III. and IV. are believed to be adult. These views have been 
contested, as has Pott eng cr's opinion that the phcgocytic power 
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increases from Class I. to Class IV., and falls in Class V. When the 
numbers in Classes I. and II. are increased above normal it is called 
' a shift to the left /and the reverse/ a shift to the right,' terms which 
have been used in Chapter IV. According to Arneth, a shift to the 
left is evidence of lower resistance on the part of the patient to a 
disease. This count has been tested in the tropics by Chamberlain 
and Vedder, Macfie, Breinl, and others, as has been set forth on 
P- 75- 

A few examples may be given as follows: — 

Arneth Count. 


Kind of 
Leucocyte. 

Nature of 
Observation. 

Observer. 

Class 

I. 

Class 

II. 

Class 

III. 

Class 

IV. 

Class 

V. 

A rneth 
Index. 

Polymorphs 

Normal in 
Europe 

Arneth 

5 

35 

41 

17 2*0 

40*0 

Polymorphs 

Normal in 
America 

Kagan 

5 

19 

46 

25 i 5*t> 

24*0 

Polymorphs 

Normal 
Americans 
in Philip- 
pines 

Chamber- 
lain and 
Vedder 

13*3 

i 

32*9 

37’2 

14*6 ; 2-0 

! 

46*2 

Polymorphs 

Normal 

I^hilippinos 

i 

Chamber- 
lain and 
Vedder 

27*5 

38-3 

i 

25-8 

7*5 

0-9 

65*8 

Polymorphs 

Normal Simon 

limits 

4-9 

21-47 33-48 

9-23 

2-4 

25-56 

Eosinophiles 

Normal in Arneth 

Europe 

1 1 

69 

19 

I 

— 

80 


Von Schilling-Torgau suggests a modification, which is to classify 
the neutrophiles as myelocytes, myelocytes with indented nucleus, 
polymorphs with rod-shaped nuclei, polymorphs with segmented 
nuclei. It is said that this simple method gives the same results as 
the Arneth count. 

The Arneth count is being used at present in tropical work, but its 
value is still suh judice. 

The leucocytes vary in number under physiological and patho- 
logical conditions: — 

Leucopenia, or diminution in their numbers, may occur in physio- 
logical conditions such as hot or cold baths, or in pathological condi- 
tions such as certain protozoal infections, malaria, trypanosomiases, 
and kala-azar; in bacterial infections such as enteroidea, undulant 
fever, tuberculosis, and influenza, or in severe toxsemias of any kind. 
The leucopenia is usually polymorphonuclear, but in fevers there is 
a diminution of eosinophiles. 
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Leucocytosis, or increase in their numbers, may occur in physio- 
logical conditions such as infancy, pregnancy, digestion, and 
exercise, and there is a terminal or agonal leucocyt osis before death. 
In pathological conditions a leucocyt osis due to polymorphonuclear 
leucocytes may occur in septic or inflammatory conditions, many 
fevers and toxaemias, after haemorrhage, and with malignant disease. 

Lymphocytosis may be relative when there is a relatively high 
percentage of lymphocytes and low of polymorphs, with no increase 
in the total number of white cells, or absolute when the total number 
of white cells as well as of lymphocytes is increased. The former 
occurs in protozoal infections such as malaria, amoebic dysentery, 
etc., and the latter in leukaemia, etc. 

Eosinophilia, or increase in the eosinophile leucocytes, occurs 
in helminth infections, in skin diseases, in asthma, in toxic states, 
and in myelocythaemia. 

Basophilia occurs in myelocythaemia and staphylococcal infections, 
but in the latter only slightly. 

Blood Platelets. 

These arc probably derived from the erythrocytes, and may 
possibly not be present in normal circulating blood, but formed in 
preparing the films. Their clinical value is not absolutely certain. 
They are said to number about 300,000 per cubic millimetre in 
health. Tliey are colourless, retractile, discoidal bodies, some 
I73 microns in diameter, having a great tendency to adhere 1 ogether 
and having an affinity for basic dyes. 

Hmmoconia. 

These are colourless retractile bodies, 0-5-4 microns in diameter, 
which do not colour with ordinary stains and are of unknown origin 
and function, though tliey may be fat particles, as shown by 
Neumann. 


BLOOD PUZZLES. 

Blood puzzles consist of bodies which from the first have been 
recognized as such or in other instances have been thought to be 
parasites. 

It is difficult to give a systematic account of these bodies, but, 
following Balfour, we may classify them as follows: — 

A. PIcterogenetic: — Not in the blood. 

B. Autogenetic:— Actually in the blood. 

I. Found in fresh blood: — 

{a) Erythrocytic. 

{b) Leucocytic. 

II. Found in stained blood: — 

{a) Erythrocytic. 

{b) Leucocytic or lymphocytic. 
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Heterogenetic. 

These are external or adventitious, and may be divided into: — 

I. Those belonging to the glass slide. 

II. Those belonging to cleaning or drying materials. 

III. Those coming via the air. 

IV. Those coming from the skin. 

V. Those coming from the intestines. 

The Glass Slide.- — -Everyone is well aware of the peculiar marks 
which may appear on old glass slides, and which retain the stain, 
thus giving rise to pseudo-trypanosomes, yeasts, and many other 
forms. 

Perhaps the most interesting of these are the ‘ X bodies ' 
(Horrocks and Howell) which appear in Romanowsky films as 
roundish bodies, with a small blue circular centre surrounded by 
four or more faint concentrically arranged capsules, and which 
Chamberlain and Vedder have shown to be artefacts present in the 
glass slide. 

Gleaning and Drying Materials. — Coiton fibres may be introduced 
from a cloth in cleaning slides. Blotting-paper, if used twice for 
drying blood slides, may introduce one kind of blood into another 
or bacteria into a blood film. 

The Air. — Insect scales, plant hairs, animal hairs, yeasts, and 
pollen grains, may all be introduced into blood films from the air, 
and especially multiseptate fungal spores. 

The Skin. — Pieces of dirt, epithelial scales, and bacteria, may come 
from the skin. 

The Intestine. — In obtaining films during a post-mortem or from 
an animal which has been shot there is danger of contamination of 
the blood with spirocluetes and other organisms from the intestine. 

Autogenetic. 

These are bodies which are really in the blood, whether natural 
products or artificial productions. 

Fresh Blood— Erythrocyte. — In anaemic blood the erythrocytes 
become deformed, forming oval, pear-shaped, tailed, or irregular 
bodies called poikilocytes, allied to which are the peculiar chain-like, 
droplet-like, and filament -like bodies figured by Nuttall and Balfour 
as produced when taking films in high air temperatures. Some of 
them may be mistaken for parasites, but only by beginners. 

A crenation seen in a deformed or in an ordinary corpuscle may 
in certain focal planes look like a malarial parasite. 

Vacuoles have clear-cut margins, do not move, do not possess 
pigment, and are quite clear, yet they give rise to trouble, and may 
hd mistaken for piroplasma or for malarial parasites. 

The glassy body mentioned above, when easily visible, is often 
mistaken for a parasite, and is probably the explanation of the 
' maraglianos ' or dehaemoglobinized spots which have been de- 
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scribed, as well as of such pseudo-parasites as those mentioned by 
Balfour as being described by Foran and Breeze. The dark {“'pot 
mentioned as being visible in the maraglianos may be the centro- 

some, 

A granule from a leucocyte or a blood platelet lying on an erythro- 
cyte may simulate a parasite. 

Leucocyte. — The leucocyte, especially the eosinophile, is 
responsible for the free granules, and worse for the free or attached 
wavy process, which is apt tobe mistaken for a spirochaetc, especially 
when a beginner is using the dark-ground illumination. 

Stained Blood — Erythrocyte. — When the glassy body swells it 
gives rise to pale large red blood cells i5“5^^ microns in diameter, 
which arc the half-moon-shaped or sickle-shaped corpuscles of 
Stephens and Christophers. 

The haemolyzed stroma is the cause of the shadow corpuscles, and 
polychromatophilia is due to diffuse colouring of the reticulum, 
while the punctate form is due to the nodes being especially tinted. 

Schuffner’s dots are caused by the coloration of nodes of the reti- 
culum in older cells, while pathological karyolysis of the nuclear 
plate may be the cause of the Howell-Jolly bodies and the ring- 
shaped bodies of Cabot, and perhaps the so-called Paraplasma 
Jlavigenum is due to the same cause. 

The capsule corpuscle may be the origin of Arnold’s nucleoids, 
Schmauch’s bodies, Heinz’s corpuscles, and many pseudo-parasites. 

A blood platelet lying on an erythrocyte may resemble a malarial 
parasite. 

Leucocyte. — The puzzles in connection with the leucocyte or 
lymphoc3de may be divided into: — 

T. Extramiclear. 

2. Intranuclear. 

Exlranudear. — Kurloff’s bodies seen in the large l^miphccytes, 
especially in guinea-pigs, arc large vacuoles with a liomogencous 
structure, and may be a secretion, but have been considered to be 
parasites. They take a purplish or reddish colour with Giemsa’s 
stain. 

Oval or round rings may possibly be connected in some way wit h 
the area around the centrosome. Ferrata’s plasmosomes are small 
metachromatic bodies which are thought to indicate retrogressive 
changes; they may be derived from the chromatin of the nucleus. 

In 1912 Castellani described extranuclear non-parasitic bodies in 
leucocytes. They take, with Giemsa’s stain, a blue colour, almost 
constantly show dots of chromatin, and measure 2-6 microns in diam- 
eter. They also occur free in the licpior sanguinis, and are by him 
considered to be degenerate red blood cells engulfed by the leucocyt e. 

Intranuclear . — The nucleus of the mononuclear leucocyte is apt 
to undergo changes and to show bodies with a blue cytoplasm, with 
or without chromatinic spots, which look very like parasites, as also 
described by Castellani in 1:913. 
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BLOOD PARASITES. 

The blood may contain a number of parasites — e.g,, the malarial 
parasites, the spirochaetcs, the trypanosomes, the kala-azar 
parasites — -as well as certain worms — e.g., theMicroftlarise, Schisto- 
soma h(Bmatohium, S. japonicum, and S. mansoni. 

ANiEMIA AND ALLIED CONDITIONS. 

Ansemia is common, being generally associated with ankylo- 
stomiasis, malaria, kala-azar, chronic dysentery, or in women 
repeated pregnancies and prolonged lactation. It is especially 
common among coolies working on estates. The treatment is to 
remove the causal agent, and then to administer the old mixture of 
sulphate of iron, sulphate of magnesium, and mix vomica to the 
poorer classes, while intramuscular injections of iron alone or com- 
bined with arsenic or sodium glycerophosphate are more scientific 
and more suitable for the better classes. 

Chlorosis is rare, but we have seen cases in Europeans and in 
better-class native girls. 

Paranaemia Tropical!?. 

Everyone residing in the tropics is acquainted with the pallor 
which is visible in the faces of many European residents who, 
apparently, are in good health. An examination of the blood 
fails toreveal any marked diminutionin the red cells or haiincglobin, 
or, at all events, no such reduction as would be compatible with the 
pallor. We have used the term paran^emia to indicate the condition. 

In Chapter III., section Effects on the Blood (p. 75), we have 
shown that this apparent anaemia has been carefully studied by 
W. M. Strong, wlio considers tliat this pallor is really caused by the 
deposition of pigment in the epidermis. This pigment renders the 
skin opaque to the red rays contained in sunlight, and hence the 
colour reflected therefrom appears to the eye white. 

In diagnosing this condition care must be taken to exclude tri:e 
anaemia by a count of the red cells in the blood and an estimation 
of the luemoglobin. 

De Langc'ii believes there are real differences between the blood of Eiirc- 
peans in the Tropics and at home: a shift to the left of Arneth's count, dimi- 
nution of cholesterin, increase in blood sugar. He attributes to the hyper- 
glycaemia the low fever so often found in the Tropics. 

LEUKEMIA, 

Leucocythemia cannot be said to be very rare, at all events in our 
experience, and may be either spleno- medullary or lymphatic in 
type. It is most necessary to rem mber the possibility of the 
occurrence of this disease, and to make it a rule to examine the blood 
microscopically before performing splenic or hepatic puncture in 
cases of splenomegaly. 

Pseudo-leukaemia and Banti’s disease are also known. 
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general dropsy. 

L A Vipqrt or rcritil disccisc ni3-y t>c 
Cases of general dropsy not due to heart 
caS by beri-beri or ankylostomiasis. 

THE HEART. 

have been recorded by us. as mmmon as in other regions, 

Pericarditis and endocardths are therefore they are due 

probably because rheumatism etc Atrophies of the 

t^o such other causes as gonococcal ^n^^ion, 

heart, especially brown i^^''°P^k‘'i^rare, but has been met with, 
some general disease. He r pericardium being 

S.^lst’co'r^M bV" a™ .» b.c«.,e o, ...e second, 

fonrth. and lifth r.ba 

Under this heading 

palpitation and dyspnoea on go g l . j • degeneration of 
Lve resided long in the trop cs , ® ^ional work which 

theh.ar.,bro.gh.onby ttebo^^^ 

it has to do owing to fbe c anges in considers this to be 

from the lugti tempeiatur 1 j Ernest Black 

trs. hcil’a^Xs <» Snsltel' 

dt* IdTi'fe Sls“l.rid avoided »ln-n calcinm salts ate 

administered, as they increase the calcium excretion. 

the VESSELS. 

varicose veins ^ ‘ .-ommon among rickshaw coolies 

with myomalacia cordis or aneurysm of the heart. 

THE SPLEEN. 

The soleen is affected in malaria, kala-azar, relapsing ^9- 

asllreSy described. Capsulitis is very commonly met with in 
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post-mortems, but splenic abscess is, in our experience, rare, and 
may be of entamoebic origin. Infarcts and tuberculosis are, how- 
ever, not so rare, and spleno-medullary leukaemia, as has been 
mentioned above, is not very rare. Rupture of the enlarged malarial 
spleen has already been mentioned, and may cause death within a 
few minutes, or the patient may live for several hours. 

BONE-MARROW. 

The importance of the bone-marrow is often overlooked in the 
tropics. It requires especial study in amemias, kala-azar, and 
malaria. 
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IDISEASES OF THE LIVER AND PANCREAS 


General remarks — Tropical liver — Amoebic abscess of the liver — 
Opisthorchiosis — Clonorchiosis — References. 

GENERAL REMARKS. 

Diseases of the liver and pancreas are of common occurrence in 
the tropics. The liver may be affected in the course of tropical 
fevers, especially in malaria and kala-azar, in the latter of which 
Rogers has described a special form of cirrhosis. The disease 
called 'infantile biliary cirrhosis of the liver/ described by Ghose 
and Mackenzie as occurring in Calcutta and other parts of India 
in Hindu and Mohammedan children, appears to us to require 
reinvesligation, with a view to deciding whether it also is a variety 
of kala-azar. It is said to attack children under one year of age, 
and to be characterized by a low type of fever, associated with 
enlargement of the liver and spleen, jaundice, pale motions, dark 
urine, and sometimes vomiting of blood, cedema, and ascites, and 
ends fatally in three to eight months. 

AcMtc yellow at/vophy of the liver is not as uncommon in Ceylon 
as in Europe, for, on an average, we have met with one or two cases 
per annum. It occurs in Ceylon more commonly in men than in 
women, but the cause appears to be quite obscure. 

An extraordinary case of acute severe hepatitis and gastritis, 
which caused a considerable haemorrhage to take place, filling all 
the small biliary ducts, the gall-bladder, the common bile-duct, 
the duodenum, jejunum, and ileum with blood, has been recorded 
by one of us in Ceylon. The inflammation occurred in a stomach 
which was altered by chronic atrophic gastritis. The haimorrhage 
was caused by the blood passing from the damaged hepatic capil- 
laries into the minute bile channels, and was due to the destruction 
of the walls of these capillaries and the liver cells. No definite 
cause could be found for this condition, which is decidedly rare. 

Congestion and inflammation of the liver, together with abscess, 
are common in the tropiCvS, and require special consideration (p. 1910). 

Atrophic cirrhosis of the liver is very common in the tropics, and 
though generally there is a history of alcohol, still, this is by no 
means always so, and sometimes the cause is not evident. We 
believe that cirrhosis of the liver of malarial origin is much less 
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frequent than is admitted by many authors. It will be shown 
presently that various parasites cause cirrhosis. 

Primary cancer of the liver has been met with, but is very rare. 
On the other hand, secondary cancer is by no means rare. The 
only non-malignant growth we have met with was an angioma. 

The protozoal parasites which occur in the liver are Loeschia 
histolytica^ the cause of liver abscess; Leishmania donovani and 
L. infantum, the causes of kala-azar and the infantile kaJa-azar; and 
the malarial parasites, as has already been noted. Coccidiosis has 
been found in the tropics in man several times. 

With regard to the tvematode parasites of the liver, Fasciola 
hepatica is only an occasional parasite of man. Fasciolopsis buski 
(rathouisi) has been seen in a Chinese who showed obscure liver 
symptoms, and no doubt microscopical examination of the faeces 
would make diagnosis possible; but there is only one certain case, 
and the information regarding the symptoms is meagre. Opisthor- 
chis f elineus 3 .nd Amphimerus noverca are the cause of opisthorchiosis, 
which will be considered later, as will clonorchiosis, caused by 
Clonorchis sinensis. Dicroccclium lanccutum is considered to be 
too small to cause any serious symptoms while living in the bile- 
ducts. Schistosoma mansoni and S. japonicum may both affect the 
liver (pp. 1589-1867). 

With regard to tape-worms, Tcenia echinococcus is not common, 
but we liave met with one case of echinococcus in Ceylon, which 
was brought by a Boer prisoner, and Begbie has recorded another, 
not in the livc^r, but associated with the lung, in an old resident 
in Ceylon. One of us has recorded an invasion of the liver by 
Ascarides, and the formation of abscesses by the agency of these 
worms. We have also recorded Porocephalus armillatus in the 
liver. 

Disease of the gall-bladder is common in the tropics, and we have 
met with acute and chronic inllammations. Gall-stones are often 
met with, probably as sequeke to typhoid fever, but also arising 
from other causes. Suppuration of the bile-ducts we have only 
seen once, and cedema of the wall of the gall-bladder we have also 
only found once. Obstructive and catarrhal jaundice are met with 
fairly frequently in the tropics. 

Rupture of the liver may take place as the result of traumatisms, 
and recently Herzog has recorded this accident in a Filipino woman 
as the result of a native obstetrical practice, which consists of 
traction on a cloth wound round the abdomen. In this case the 
rupture had been caused by the perforation of the tip of the eleventh 
rib into the fatty liver. 

The pancreas, in our experience, is not infrequently found 
diseased. We have met with the following types of inflammation 
in Ceylon: — 

1. Acute haemorrhagic pancreatitis. 

2. Acute suppurative catarrh of the ducts. 
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3. Subacute pancreatitis. 

4. Chronic pancreatitis. 

(1) Syphilitic in the foetus. 

(2) In the adult. 

(«) Chronic interlobular pancreatitis. 

(b) Chronic interacinar pancreatitis. 

(c) Chronic interlobular and interacinar pancreatitis 

combined. 

It should be remembered that the subtertian parasite is one ot 
the causes of hcemorrhagic pancreatitis. In addition we have seen 
cancer of the pancreas producing a blocking of the duct of Wirsung, 
and leading to a ranula which contained many pancreatic calculi. 
We have once seen an ascaris in the duct of Wirsung associated 
with a hyperaemic condition of the gland. 

After this brief general statement, we must consider congestion 
of the liver, abscess of the liver, opisthorchiosis, and clonorchiosis. 

TROPICAL LIVER. 

Synonyms. — Congestion of the liver, Hypeiccmia of the liver, 
Indian liver. 

Definition, — Congestion of the liver is a hypera?mia brought 
about by many conditions, especially gastro-intestinal disorders. 

Remarks. — There caii be no doubt that the European is apt to 
eat and drink more than is good for him on his first arrival in the 
tropics, and tliat this is bound to lead to an increase of blood in 
the liver, which physiological condition may easily become a con- 
gestion, with later blood stasis and diminution of the functional 
activity of t he organ. 

Climatology. — Congestion of the liver is a cosmopolitan com- 
plaint, but is much more commonly met with in the tropics than 
in the Temperate Zone. 

.ffitiology. — Congestion of the liver is brought about by indiscre- 
tion in diet, such as too much, too rich, or too highly spiced foods, 
by alcoholic excess, and by chills. 

Pathology — Post mortem the liver is found to be swollen, dark 
red in colour, and drips with blood when cut into. The cells are 
often laden with fat, and, in addition to the changes in the liver, 
there will be added the pathological changes which have caused 
the congestion, and which are generally to be found in the alimen- 
tary canal, as well as those which have caused the death of the 
patient. 

Symptomatology.- — The illness begins with frontal headache, 
malaise and loss of appetite, with nausea or sickness, and a bitter 
taste in the mouth on awakening in the morning. The tongue is 
coated, and there are the usual signs of dyspepsia, associated with 
constipation and the passage of pale-coloured motions. The liver 
is^enlarged and tender, and usually there is a sense of weight in the 
right hypochondrium, and pain below the right scapula or in the 
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right shoulder, and there may be slight signs of jaundice in the 
yellow conjunctiva and sallow skin. The urine may be diminished 
in quantity, high-coloured, and with high specific gravity, and 
loaded with uric acid and urates. Tlie nervous system is also 
affected, and the patient is usually very cross and irritable. The 
temperature is generally normal, but sometimes it rises, and when 
above 100° F. it is usual to call the disease hepatitis, instead of 
congestion of the liver. The common non-febrile variety lasts 
from two to seven days, but is liable to recur. 

Varieties. — Congestion of the liver may be acute when associated 
with some other disease, or chronic when due to gastro-intestinal 
disturbance. 

Diagnosis. — The diagnosis is based on the painful enlargement of 
the liver, which, in the absence of other disease, is usually unaccom- 
panied with marked rise of temperature. 

Treatment. — In the acute attack it is as well to keep the patient 
in bed and begin the treatment with a dose of calomel (gr. ii. to 
gr. v.), followed a few hours later by a saline in the form of mag- 
nesium and sodium sulphates or Carlsoad salts. An effervescing 
mixture of ammonium carbonate (gr. iv. to gr. v.) and sodium bi- 
carbonate (gr. XX.), with citric acid (gr. xv.), may be given every 
three hours, or a mixture containing ammonium chloride in seme 
combination. At tlie same time hot fomentations or a thick coat 
of antiphlogistin may be applied to the region of the liver. The 
diet should consist of soups and milk, diluted with Vichy or barley 
water, and no alcohol in any form allowed. 

When the condition has become chronic, the patient must be 
carefully dieted and placed upon a course of treatnumt with the 
above effervescing mixture and Vichy (Grande (Trille), and when 
leave in Europe is available, should be sent to Vichy, Carlsbad, 
Harrogate, or Montecatini. He should avoid alcoholic stimulants 
audYich food of every description, and especially tinned ood, and 
should restrict his diet to fowls, clear soups, fish, and well-cooked 
vegetables and milk, avoiding meat and curries. 

Whenever the acute attack is over, the pal ient should be advised 
to take exercise daily — walking, riding, golf, or tennis, combined 
with the usual so-called liver exercises. 

Prophylaxis. — Plain, simple, not highly spiced food should be 
taken, and such pernicious drinks as the heavy forms of beer, 
sherry, champagne, etc., should be avoided. If any form of alcohol 
is to be taken in the tropi s, this should be Scotch whisky, well 
diluted, or light claret s, and then only in moderation. Chills must be 
avoided as carefully as possible, especially when there is a land wind, 
in the rains, and when changing from a warm to a cooler clirnate. 

With regard to the cold bath, there is no doubt that the majority 
of people are unable to stand this in the tropics, and therefore it 
is better to use water with the chill removed. 

Some persons are, however, distinctly benefited by a cold bath, 
and therefore individual peculiarities must be considered. 
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The most dangerous time for chills is in the night ; therefore it is 
as well to sleep with some light blanket placed over the abdomen, 
and in flannel night attire. In the daytime a woollen undervest or 
cholera-belt may be worn. The clothes must be carefully changed 
whenever they become damp. 

AMOEBIC ABSCESS OF THE LIVER. 

Synonyms. — Hepatic abscess. French: Absces dii hoio. Italian: 
Epatite Suppurativa. German : Tropischer LcEerabszess. 

Ddflnftion.— Amoebic abscess of the liver is a suppurah’vc liepa- 
this, caused by Locschia histolytica — -usually preceded by an attack 
of amoebic dysentery. 

History. — Liver abscess was known to the ancients, and was 
operated upon as far back as the days of Hippocrates, while Galen 
recognized its connection with dysentery, and Morgagni studi('d its 
morbid anatomy. During the niaeteentli century the disease was 
carefully studied by French surgeons, beginning witli those of the 
army of occupation in Egypt, and also by tlie Frcaich colonial 
doctors and the Indian army surgeons. The discovery of Amochce or 
Locschicd emphasized the connection between liver abscess and dysen- 
tery. Kruse and Pasquale were the first to regularly find amoebae in 
the liver abscess, and to state that, apart from the amoebae, the pus 
was sterile. Later researches have confirmed this discovery, and 
have demonstrated that the pus of a liver abscess does not conlain 
bacteria in most cases — a fact which agrees with our experience — 
and that the true cause of the malady is Locschia histolytica. 

Climatology. — Liver abscess is essentially a disease of the tropics 
and subtropical regions. It is very common in India and Indo- 
Cdiina, rather less so in Ceylon, Malaya, Java. Sumatra, and rare in 
Southern China. In Africa it is common in Egypt and North and 
West Africa (Gold Coast). In AmeTica it appears to be less com- 
monly met whh, being rare in the ITnited States, West Indies, and 
British Guiana. It is also found, though rarely, in the Temperate 
Zone, in Spain, Italy, France, and even in such a northern country 
as England. There is no seasonal variation. 

.etiology. — The cause of the suppuration is Locschia histolytica, 
and perhaps other varieties of LoeschicB. It is more common in 
Europeans than in natives, and more so in males than females, 
and is usually a disease of adults. The most important predispos- 
ing cause is perhaps alcohol. 

In monkeys one of us lias recorded the occurrence of liver abscess due to 
an amoeba [Loeschia mittalli Castellan i, 1907). 

Pathology. — The Loeschicc pass from the bowel via the portal 
vein into the liver, where they produce coagulative necrosis of the 
liver cells, which become formless and break up into granular 
debris. This necrosis is thought to be brought about by means 
of toxins produced by the LoeschicB. The necrosed area undergoes 
liquefaction and forms the abscess, the contents of which consist ol 
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debris, endothelial cells, mononuclear leucocytes (rarely poly mci- 
phonuclears), red corpuscles, haematoidin, cliolesterin, and rarely 
Charcot-Leyden crystals. The pus is usually sterile, and as a rule 
does not contain amoebec, which are in the marginal wall of the 
abscess, and may extend into the liver tissue for some distance 
from the focal lesion. After the abscess has been opened, amoebae 
may be found in the pus. The process of repair has not been fully 
worked out, but it appears as though the granulation tissue forrned 
new connective tissue, in which new bloocivessels and proliferating 
bile-ducts may be seen, indicating the processes which may lead 


t o repair. 

Usually tlicre is only one 
abscess, l3ut it is not uncommon 
to find ivvo, and there may be 
more. The abscess is generally 
found in the posterior part of 
the upper portion of the right 
lobe. It is rounded in form, 
with walls composed of degene- 
rated liver cells and granulation 
tissue. Its contents may be 
thick, creamy pus, but more 
usually it is yellowish or brown 
coloured. On microscopical ex- 
amination it consists largely of 
detritus, with a few degenerated 
liver and pus cells. The bacteria 
found in the pus, when it is not 
sterile, arc streptococci, staphy- 
lococci, B, coli communis, and 
B. pyocyancMS, and occasionally 
some anaerobic germs. The 
abscess varies much in size, from 



a small hollow containing only Fig. 775. — Amcebic Abscess of the 
I or 2 ounces up to a huge cavity Liver. 

with a couple of pints or more 

of pus, while even larger have been described. The size of the 
liver, apart from the abscess, also varies, being sometimes increased 
and sometimes diminished. Apart from the liver abscess, 1 here are 
usually signs of old or recent dysentery in the colon, though these 
may be absent. There mav be abscesses in other parts of the body, 
the spleen, the brain, etc., but these are rare. 

Symptomatology. — There is usually a history of a previous attack 
of dysentery, but this may be wanting. The disease begins in- 
sidiously with signs of congestion of the liver and fever. This fever 
is important, being irregular, sometimes remittent, sometimes 
intermittent, sometimes with long apyrexial intervals. 

The X rays may show that the movement of the diaphragm is 
diminished on the right side, and attention has also been called to 
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the arched ^ cupola-like ^ curve of the upper aspect of the liver, as 
seen by radioscopy. The early stage, called by Rogers tlie presup- 
purative stage/ is of the utmost importance; for if it can be recog- 
nized and appropriate treatment applied, the disease may be 
stopped in a certain number of cases. If, however, this is not 
done, rigors may take place, and the fever usually becomes more 
severe, and a typical hectic temperature with night-sweats may 
ensue; while the patient complains of a dragging sensation on the 
right side, pain under the right shoulder-blade and in the right 
shoulder. This latter is a referred pain, due to the fact that the 
phrenic nerve arises from the fourth cervical nerve-root, the fibres 
of which supply the skin of the shoulder. 



Fig. 776. — The Temperature Chart of a Case of Abscess of the Liver. 


A patient with an abscess of tlie liver often possesses a most 
typical facies. He lies on liis back, with his legs drawn up; his face 
is drawn, and of a pale yellow colour, and the ocular conjunctiva 
possesses a peculiar bliiey-whitish colour. It is said that sometimes 
the right pupil is dilated, but in our experience this is not a constant 
symptom. Generally he is emaciated, and deep inspiration is pain- 
ful; hence the breathing is costal in character, and often there is a 
slight cough. The hands and feet are often cold and clammy to 
the touch. 

On inspecting the abdomen and chest, the right hypochondrium 
will be noticed to be bulging, while the liver is enlarged and tender. 
On palpating the front of the abdomen, the right rectus muscle may 
be felt to become suddenly rigid — a most characteristic sign — ^while 
the left is not affected. On percussion the liver is found to be 
enlarged, and pain may be produced by pressure in the epigastrium 
or over an intercostal space. These painful spots are of importance 
in localizing the site of the abscess. On listening over the lower 
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part of the chest, fine crepitations or friction sounds ruay be 
heard. 

Usually liver abscess is accompanied by some anaemia and some 
increase in the number of the total leucocyter,, but this appears to 
vary, being greater if the abscess is small and deeply seated, and less 
so if large and superficial. According to Rogers, the ratio of white 
to red corpuscles varies from i : 517 to i : 126. With regard to the 
differential count, the polymorphonuclear leucocyl es arebut slightly 
increased, but the lymphocytes arc usually more than normal. 
Leger gives the differential count as being: Polymorphonuclears, 
78*37 per cent.; lymphocytes, 17*44 per cent.; mononuclears, 3*15 
per cent.; and eosinophiles, 0*70 per cent., which closely agrees 
with Rogers' figures, which are: Polymorphonuclears, 74.to 87 per 
cent. ; lymphocytes, 7 to 22 per cent. ; mononuclears, 3 to 7 per cent. ; 
eosinophiles, 0 to 4 per cent. In some of our cases there was no 
polymorphonuclear leucocytosis, while on several occasions, even in 
non-malarial subjects, there was a relatively large mononuclear in- 
crease. The number of sudanophile leucocytes tested ciccording to 
the Cesaris-Demel method is oft(‘n increased. 

The urine is usually diminished, and its excretion is said to be 
altered, so that the greatest quantity is passed between 12 midnight 
and 12 noon, being especially increased in the early morning. 

If the abscess is allowed to continue its own course, it may burst 
into the lung, causing signs of pleurisy and pneumonia, associated 
with the expectoration of characteristic brown or reddish-brown 
gummy, viscid, purulent matter; or into the stomach, when a 
similar material will be vomited: or into the bowel, when it will 
be passed per anmn. It may also burst into the pericardium or the 
peritoneum, or into the vena cava, all of which cases are bound to 
end fatally. If it docs not burst, the patient may die of exhaustion. 

The duration of a liver abscess is very variable, being from a few 
weeks to several months, and even years. 

Diagnosis. — ^The diagnostic points in abscess of the liver are: A 
history of dysentery; fever, generally of a scroti nc type, with 
sweatings, not yielding to quinine; painful enlargement of the liver; 
the characteristic pain in the shoulder; the rigidity of the right 
rectus; the loss of movement in the right side of the diaphragm, 
and the frequent cupola-shape of the liver on radioscopy; and, 
above all, the discovery of the pus by exploratory puncture, as 
described below. 

The differential diagnos^'s between the presuppurative and the 
suppurative stages is often impossible without a puncture, but 
sweating, high intermittent temperature, if present and not influ- 
enced by the emetine treatment, is suspicious that suppurative 
changes have begun. 

Pleurisy with effusion on the right side can be distinguished from 
liver absce^ss by the presence of &occo's paravertebral triangle on 
the left side. Moreover, in pleuritic effusions the upper limit of 
the dulness is horizontal, while in liver abscess it is convex. 
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Another diagnostic point to which Manson has drawn attention is 
that the enlarged liver gravitates with changes of position much 
more distinctly than pleural effusions. If the dulness in the mid- 
axillary line diminishes notably when the patient lies on his left 
side, the case is probably one of liver abscess. It is to be noted, 
however, that a right pleural effusion and a liver abscess may 
coexist. Pneumonia on the right side with congestion of the liver 
may also lead to difficulties, which must be met by careful physical 
examination and the microscopical and bacteriological examination 
of the sputum. Malarial fever can be diagnosed from the fever of 
hepatitis by examination of the blood and the presence of the 
enlarged spleen. In those cases of liver abscess in which fever is 
the only ^symptom the diagnosis may be extremely difficult, and 
may require all modern bacteriological methods to exclude Malta 
fever, malaria, septicaemia, and typhoid, etc. When in doubt, an 
exploratory puncture should always be made, for it can do no liarm. 
and may relieve the congestion. When a long needle is introduced 
into a liver abscess, it moves regularly with respiration. Purulent 
cholecystitis in most cases gives no trouble on diagnosis, as the 
enlarged gall-bladder can be easily felt, and there is generally a 
history of hepatic colic. 

Syphilitic gumma of the liver may show many symptoms in 
common with liver abscess, including the intermittent fever, as 
we have twice noted. The positive Wasserman reaction and the 
action of potassium iodide in full doses clears the diagnosis. 

Cases of Icukajinia, pseudo-leukaemia, tropical splenomegaly, and 
kala-azar have been mistaken for liver abscess, but in all these con- 
ditions the spleen is also greatly enlarged. 

In this connection we may emphasize the necessity for the ex- 
amination of the blood in order to exclude leukaemia, otherwise a 
fatal Inemorrhage may follow such a simple operation as puncture 
of the liver. Liver abscess is usually easily diagnosed from hydatid 
disease, but when purulent changes have taken place in the latter 
the diagnosis may be impossible, except by the history and the 
eosinophilia. 

Prognosis. — If the abscess is left unoperated for a long time, the 
prognosis is very bad, as the danger of exhaustion and septic infec- 
tion is great. If the abscess has burst into the lung, the prognosis 
is also bad, but better than if it had burst into the bowel. Since 
operative measures have come into more common use the mortality 
has decreased, according to Dujardin Beaumetz, from 82 per cent, 
to 32 per cent. The operation wound may occasionally become 
phagedsenic. 

Treatment. — If a case is suspected by the symptoms and blood- 
counts to be in the ' presuppurative stage,' emetine or ipecacuanha 
should be administered, and should be given with the precautions 
already mentioned under Amcebic Dysentery, and the latter must 
be continued for several weeks after every sign of hepatitis has 
disappeared. 
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It, however, an abscess is believed to have formed, there should 
be no delay in making an exploratory puncture. 

For this purpose a needle 3J inches in length, but preferably not 
longer, because of the danger of injuring the vena cava, should be 
rendered sterile by boiling in plain water, but must not be dipped 
into an antiseptic lotion nor into spirit. This needle should be 
capable of being fitted bn to a glass syringe or an aspirator. 

The patient should be placed under chloroform, and all arrange- 
ments should be made so tliat an operation can be performed at 
once if necessary. 

The needle should be driven into the liver in the region of any 
definite swelling or pain, or, failing these, through the eighth inter- 
costal space in the anterior axillary line, about i or i J inches from 
the costal margin. 

The direction of the needle should be inward, slightly upward 
and backward, because the usual site of an abscess is in the upper 
and back part of the right lobe. 

Aspiration by the syringe or the aspirator may reveal pus, or 
may fail to do so, in which latter event the needle must be carefullv 
and slowly withdrawn, and its contents ejected on to a clean white 
dish, to sec if it is composed of the grumous material of liver abscess. 
The needle should now be driven into the liver in different places 
and directions until some six to twelve punctures have been made. 
There is no danger in this procedure if performed with reasonable 
care, and it may even benefit the patient by performing what has 
been termed ' hepatic phlebotomy.’ When the abscess has been 
located, the needle should be left in situ as a guide, and one of two 
procedures may be carried out : A. Aspiration: B. Operation. 

Tlie operation should, however, always be performed if the 
abscess lias already burst into the lungs, the peritoneal or pleural 
caviti(>s. 

A. Aspiration. — -This is preferable if the abscess is small, and 
consists of evacuating its contents, and the injection of a solution 
of I grain of emetine hydrobromide in 2 ounces of water, or the 
repeated irrigation of the cavity with a solution of bi-hydrochloride 
of quinine (3 to 5 grains to the ounce) by means of Rogers’ flexible 
sheathed aspiration cannula. 

B. Operation. — An operation is necessary if the abscess is large, 
if the pus is not sterile, if the abscess has burst into the lungs or a 
serous cavity. 

The site of the operation depends upon where the pus has been 
obtained. Two principal pkices may be mentioned: (i) through 
the thoracic wall ; (2) through the abdominal wall below the ribs. 

Giordano and others have recommended a laparotomy and the 
localization of the abscess by the hand prior to the actual operation 
for evacuation of the pus. This may be useful in c rtain cases when 
there are no signs indicating the position of the abscess. 

I. Operation through the Thoracic Wall . — An incision should be 
made through the parietes, including the site of the puncture. 
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through which pus was obtained. After the skin has been well 
retracted, a piece of a rib may require to be removed, thus ex- 
posing the diaphragm below the pleura, which must be incised and 
stitched to the margins of the wound, and the wound well packed 
with gauze. 

The liver is now exposed, and two methods of procedure arc open 
to the operator — either to push a pair of dilating forceps along the 
needle, which has been left in sifu, and thus to open up the cavity 
and evacuate the pus, and then, after inserting a double drainage- 
tube, to wash out the cavity with the quinine solution mentioned 
above, close up the wound, fix the drainage-tube in position, and 
dress the wound aseptically, or to adopt Mansons special apparatus. 

Manson, after the preliminary incision, thrusts a trocar and 
cannula into the abscess, and, after withdrawing the trocar, passes 
a drainage-tube stretched on a probe into the abscess cavity, and 
then, withdrawing first the trocar and then tlie probe, the drainage- 
tube is left in position in the liver abscess, and, being firmly gripped 
by liver tissue, prevents leakage of pus into the abdominal cavity. 

2. Operation through the Abdominal Wall , — The usual method is to 
cut down upon the swelling or on to the liver, and if adhesions are 
found, to evacuate and drain the abscess. If tliere are no adhesions, 
the liver is fixed to the peritoneum by a few stitches of thick catgut 
or kangaroo tendon, but preferably not silk, and the wound is lined 
by iodoform gauze and left for two days, when, adliesions having 
formed, the abscess can safely be evacuated as described above. 
Manson’s apparatus can, of course, be used in this position as well 
as through the thoracic wall. 

Post-Operative Treatment. — The dangers of the operation itself 
are but slight. The pleura may be opened, and if this happens, it 
should be carefully closed by stitches. 

The post-operative complications are many, and include haemor- 
rhage, pneumothorax, pyothorax, pyopneumothorax, gangrene of 
the lung, and delayed chloroform poisoning, while a second abscess 
is not uncommonly met with, and must be relieved. 

After the operation the temperature should fall to normal, and if 
this does not happen, a second abscess or one of the above complica- 
tions may be suspected, unless, indeed, it is due to imperfect 
drainage, which nnist at once be rectified. 

The dressings should at first be frequently changed, usually twice 
a day, and the cavity irrigated with quinine lotion. Good drainage 
is the essential of the post-operative treatment, and care must be 
taken that the drainage-tube is not too rapidly shortened, other- 
wise the temperature is apt to rise. 

On recovery, the patient should, if possible, be given a holiday 
in the Temperate Zone. A short course of emetine or ipecacuanha 
after the operation wound has quite healed is distinctly indicated 
in order to prevent the formation of another abscess. 
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OPISTHORCHIOSIS. 

Definition. — Opisthorchiosis is an invasion of the bile-ducts with 
Amphimerus noverca Braun, 1903 (p. 577), and 0 . fdineus Rivblta, 
1885 (p. 576). 

Remarks.--^, noverca is said to be common in dogs in India, 
but has only once been found in the dilated bile-ducts of an Indian 
in Calcutta, who died with dysenteric symptoms. 

0 . felineus has been found in the dilated bile- c a ^ 
ducts, and incidentally also in the intestine of 
human beings, cats and dogs in Tomsk. It 
caused a form of hepatic cirrhosis. 

CLONORCHIOSIS. 

Definition.- — Clonorchiosis is the invasion of 
the bile-ducts with Clonorcliis sinensis Cobbold. 

Climatology. — This parasite occurs in China, 

Indo-China, and Japan. 

Pathology. — These parasites occur in dogs and 
cats, but tlie method of infection is quite un- 
known. In man they live in the bile-ducts, in 
the recesses in tlte wall of the dilated gall- 
bladder or of the bile-ducts, and in the duo- 
denum. They may also be found in abscesses 
apparently unconnected with the. liver. The 
ova are found in the alimentary canal and the 
fcieces. The liver becomes enlarged, and may 
be darker in colour, while it is atrophied in the 
neighbourhood of the dilated ducts. The 
intestine may show catarrhal inflammation. 

Often the spleen is also enlarged, and there may 
be ascites or cedema. Ova have been met with 
in the abdominal lymphatics, while the flukes 
tliemselves have been found in a lumbar abscess. 

The blood shows an eosinophilia. 

Symptomatology. — There is an abnormal appetite, but the general 
health remains good for some time, though the liver enlarges and 
becomes painful, while jaundice may be present. The spleen also 
enlarges. The disease is apparently very clironic, but towards the 
end emaciation, ascites, oedema about the feet and legs, and diar- 
rhoea lead to death from exhaustion. Abscesses may form. 

Diagnosis.— The presence of the worms can only be diagnosed by 
finding the eggs in the heces (see p. 578). 

Prognosis. — The prognosis is bad, as no cure is known. 

Treatment. — An attempt maybe made to kill the worms by thymol 
or Filix mas ; otherwise the treatment must be symptomatic. 

Prophylaxis. — Nothing can be said as to prophylactic measures 
until the method of infection is known. 
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DISEASES OF DUCTLESS GLANDS AND 
METABOLISM 

General remarks — The thyroid system — The suprarenal system — The thymus 
system — Other ductless glands — ^Diabetes — Macies i^erniciosa — References. 

GENERAL REMARKS. 

Of late years much work has been performed with regard to the 
ductless glands, their functions, and their part in the production 
of disease. In the tropics McCarrison has been the pioneer with 
regard to the thyroid gland; and it is hoped that as years pass the 
other systems will be equally well studied. We are only able to give 
these important subjects a.passing reference, but they deserve much 
fuller attention, and for this purpose we offer the reader references 
at the end of this chapter. 

THE THYROID SYSTEM. 

Th'' tliyroid system consists of the tliyroid gland and the para- 
thyroids, witli probably the addition of the pars intermedia of the 
pituitary gland. The action of these organs has been the object of 
much study in Europe and America, as can be noted by a reference 
to BiedFs writings, while McCarrison in the tropics has opened up 
the way to the solution of many diseases in an excellent manner. 

The various pathological phenomena associated with this system 
may be divided into two classes — viz., those associated with hypo^ 
ihyroidism or insufficiency of functional activity, and those connected 
with hyperthyroidism, or excess of functional activity, and each of 
these, again, may be applied to the thyroid gland or to the para- 
thyroids. 

Thus insufficient activit^^ upon the part of the gland itself may 
produce benign chronic hypothyroidism of Hertoghe, myxa'dcma, 
and cretinism, while exalted activity is believed to be responsible for 
goitre, Graves’ disease, and psychic exaltation. The parathyroid 
glands when working insufficiently may cause tetany, myoclonia, 
myotonia, myotonia periodica, and paralysis agitans, but when in a 
condition of hyper- or dysactivity may be responsible for myas- 
thenia or myotonia periodica. 

With regard to the factors which produce these changes in the 
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th5^oid system McCarrison points out that they are three in number 
— viz. : — 

A. Nutritional , — Defective and improper foods. 

B. Infective , — Insanitary surroundings, bacterial and other 
toxins, infectious disease, constipation, intestinal stasis, and their 
associated toxaemias. 

C. Psychical, — Fright, grief, worry, consanguinity in marriage, 
and heredity. 

He shows that these factors can produce more or less hyperplasia 
in the gland, followed by fibrosis and atrophy, and that during this 
there is an alteration in the quantity and quality of the secretion 
passed into the blood. 

He divides the hyperplasias into two groups. In the first he 
places those of endemic areas due to a specific infecting agency, such 
as endemic goitre, slight hypoth5n'oidism, and he shows that these 
conditions in the parent may become congenital goitre, hypotliy- 
roidism, endemic cretinism, cretinous idiocy, with deaf-mutism 
and tetany in the descendants. 

In his second group he places .such hyperplasias as are due to 
toxaemia or thyroiditis, and as such he mentions simple toxaemia, 
goitre, and slight hypothyroidism as one section, myxaxlema as a 
second section, and Graves' disease as a third section; and these 
occurring in parents may produce much the same results in the 
descendants as in the first class, but in this condition it will be 
sporadic and not endemic cretinism. 

Diseases of the thyroid gland are quite common in parts of the 
tropics with which we are acquainted. M3'XaKl(mia has been seen 
by us in Ceylon, but is rarer in the tropics than in the Temperate 
Zone; goitres, parenchymatous and adenomatous, have b('en met 
with byourselves in Ceylon and in Africa, and by Singer in Abyssinia. 
Exophthalmic goitre has been especially noted as far from rare 
by Singer in Abyssinia and Emile in East and Central Africa, but 
is very rare in India and Ceylon. 

ENDEMIC GOITRE. 

Synonym.- — End( mic tliyromegaly. 

Goitre is much more prevalent in the tropics than lias bc'en 
realized hitherto, and we have met with it frequently in Ceylon and 
Africa. 

Climatology. — It is a cosmopolitan disease which, though fre- 
quently met with in hilly districts, is also, in our experience, quite 
common in low-lying lands. It does not appear to be associated 
with any geographical or geological condition. 

.ffitiology. — The g( ncral tendency of the present time is to con- 
sider that goitre is a parasitic disease, and this vi(W has been 
strengthened by the recent important experiments of McCarrison on 
men and Bircher on rats, which, together with the previous ones of 
Lustig, Grassi, and many others, tend to show that the causal agent 
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lives in earth and passes via potable water to man, in whose ali- 
mentary canal it passes a parasitic existence. The nature of this 
contagium vivum is unknown, but McCarrison is inclined to suspect 
an amoeba. Chagas has shown that goitre is a part of the syndrome 
in chronic American trypanosomiasis. 

Symptomatology. — A new-comer to an endemic district may notice 
after a few weeks’ residence that the neck has begun to swell, and 
on examination this is found to be due to an incipient goitre. On 
removal from the district, or after almost any method of treatment, 



Fig. 778 . — Goitre in a Sinhalese Woman. 


the swelling will decrease. If, however, the person continues to 
reside in the endemic regi^m, the swelling will either continue or 
return, and this will continue to occur until a more or less permanent 
hypertrophy results. Usually the swelling affects the whole gland 
uniformly, but often one lobe may be more hypertrophied than the 
other. As time goes on the gland becomes permanently enlarged, 
and may undergo cystic or adenomatous changes. 

Treatment. — The treatment consists in removal from the endemic 
area, and in a course of intestinal antiseptics - e g., salol and thymol, 
10 grains night and morning. McCarrison recommends a poly- 
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valent vaccine made from the bacilli found in the feces of persons 
suffering from the disease. Iodine therapy is strongly recommended. 
The syrup of the iodide of iron in 5-minim dose-; combined witli 
5 grains of iodide of potash is advised as an initial dose, and this 
may be gradually increased to three or four times this quantity. 
The liquor thyroidei of the British Pharmacopoeia is excellent, 
or fresh tabloids in doses of 2-5 grains combined with 10 grains of 
bicarbonate of soda and taken at night. The sour-milk treatment 
has also been recommended. 

Prophylaxis. — The most important prophylactic measure is to 
filter and boil the drinking-water when compelled to visit or live 
in an endemic region. The patient must also lead a life free from 
emotion, if possible. 

Congenital Goitre. 

McCarrison has pointed out that this is extremely common in 
certain Himalayan villages. Nearly every man and woman in these 
situations is goitrous, and congenital goitre may be present in 
60 per cent, of the infants at the breast. The mothers of these 
children are often myxeedematous. The condition rarely calls for 
treatment, as the victims usually die at or shortly after birth or 
’ ccover spontaneously, but the mother and child may be given the 
British Pharmacopceia liquor thyroidei, of which i to 2 minims 
may be given to the child at night. 

Endemic Cretinism. 

According to McCarrison, the cretinism of the Himalayas, which 
does not show itself until about six months after birth, may be 
divided into: — • 

1. The myxoedemaioiis type. 

2. The nervous type. 

Myxeedemaioiis Type. — There is failure in growth, dwarfism, 
skeletal deformities, persistent infantile condition of the sexual 
organs, and a lack of intellect, and deafness or deaf-mutism, as well 
as impai ment of the sensory and muscular systems. 

Nervous Type. — This is a state of cretinous idiocy associated with 
cerebral diplegia and tetany. 

The treatment of these conditions is the fresh liquor thyroidei 
(B.P.) in doses of 1-2 minims at bedtime, combined with grey 
powder and bicarbonate of soda during the first fortnight. The 
dose of the liquor is gradually increased until 5-10 minims are given 
in a day. If the liquor is not available, the dried gland in powder 
may be given in i-i grain doses, working up to 5-7 grains per diem. 

Endemic Tetany, 

This is found in goitrous districts in the Himalayas, where it is 
called ' hatti fallategen,' or turning of the hands. It is characterized 
by bilateral, intermittent, and usually painful spasms of the hands 
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and feet, and at times other parts of the body, and increased ex- 
citability of the nervous system. 

During the attack calcium salts should be administered. 

The curative treatment is to combat the intestinal toxaemia by 
calomel and intestinal antiseptics, followed by thyroid therapy 
as indicated above. Rickets must also be treated. The diet should 
consist of milk, and meat should he avoided. 


THE SUPRARENAL SYSTEM. 

In 1563 Bartholomeus Eiistachius Sanctoseverinatus recognized 
the suprarenal capsules as distinct organs, but it was not until 1855 
that Addison's researches aroused deep interest in these glands. 

No case has been as yet recorded of the absence of these capsules 
as i2jell as of the possible accessory suprarenals in man. Acute 
SHpr ay cnal suppression is caused at times in man by haemorrhage, and 
we quote such a case below. The syndrome of these cases is fever, 
nervous symptoms, and signs of peritonitis, followed by death. 
Malaria may cause these signs. 

Chronic suprarenal suppression may be caused by malaria, and 
is characterized by tlie signs of Addison’s disease — viz., apathy, 
adynamia, gastro-intestinal and nervous disturbance, associated 
with bronzing of the skin and mucous mc^mbranes, and a chronic 
cachexia, witli frequently attacks of diarrhoea or convulsions, and 
ending in coma and death. 

In the tro])ics we have' met with Addison’s disease once in a Euro- 
pean, and with Iremorrhage into both the suprarenal capsules twice 
—once in a still-])irth after a breech presentation in a native child, 
and once in a case of acute suprarenal luemorrhage in a European 
lady. Tliis last showed symptoms so remarkable in character 
that a brief description may be given. 

Acute Suprarenal Haemorrhage. 

After a year’s residence in Ceylon, a young English lady, four months 
pregnant, was suddenly taken ill with fever associated with an abnormally 
quick pulse, great tenderness above the umbiheus, and pain in the small 
of the back on both sides. After a short intermission the fever returned, 
and rose to 104° F., with a pulse of 130, and quick respirations; the abdomen 
became much distended and very tender, and the bowels were constipated. 
All the organs were normal, as was the urine. Vomiting did not begin till 
near the end, when the tongue first became coated and then dry. Hiccough 
intervened before death on the thirteenth day. Treatment was without 
success in any way, and an exploratory laparotomy revealed no abnormality 
beyond bowels distended with gas. On post-mortem examination, no 
pathological phenomena were seen, except haemorrhages into both suprarenal 
capsules, and, judging by the histology, this may have been a case of localized 
malarial infection without any sign in the blood. 


THE THYMUS SYSTEM. 

The normal weight of the thymus at birth is 13*26 grammes, 
and it should increase till between eleven to fifteen years of age it 
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should weigh 37-52 grammes according to Hammar, after which it 
decreases, until after sixty-six years it only weighs 6*o grammes, 
and is then principally composed of adipose tissue. In 1858 
Friedleben published the only monograph on this gland in health 
and disease. The gland is supposed in some unknown way to be 
associated with certaincases of sudden death {morsihymia ) , especially 
when there is the so-called status thymicolymphaticus, in which a 
much enlarged thymus is associated with hyperplasia in the lymph 
glands and lymphoid tissues all over the body. 

Only once have we encountered a persistent thymus gland with 
some enlargement of the lymphatic glands, and this was in a case of 
sudden death. 

OTHER DUCTLESS GLANDS. 

We are not acquainted with observations referring to the other 
internal secretions in the human diseases of the tropics. 

DIABETES. 

This disease is extremely common in the tropics, but more 
e pecially in Asia, and particularly in Ceylon, though we have met 
with it in Africa. 

In India, according to Waters, it has been known since the days 
of the Susruta Samhita, where it is called ‘ madhumeha.' It was 
said to h: unknown among the Chinese and Japanese, but Reid has 
collected 207 cases in China, and in Korea the complaint is called 
‘ sweet water disease.’ 

West says that it is rare in Hindu women, but that it does occur 
even in Hindu widows, and in general it may be said to be much 
more common in men than in women, and is most frequently met 
with in the better or educated classes. 

The disease is the same as in the Temperate Zone, and will not 
be further considered here, except to point out the frequency of 
boils and carbuncles due to it, and also the occurrence of Kussmaurs 
coma, which may be induced by a malarial infection. 

Pentosuria. 

As in the Temperate Zone, so in the tropics, pentosuria may occur, 
but is rare, though it is necessary to bear in mind the possibility 
of its occurrence when the diagnosis of diabetes is made on the 
reduction of Fehling's solution. A simple method of diagnosis is by 
using Castellani and Taylor’s mycological method of examination 
of the urine (see Chapter LXXXV., p. 1934). 

MACIES PERNICIOSA. 

Dr. Ernest Black gives the following account of this disease, which occurs 
among the aboriginal natives in the north of the State of Western Australia. 
It has also been reported among the tribes of the Northern Territory of the 
Commonwealth, where it is called ‘ living skeleton * disease. 
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Though the white settlers regard it as a form of consumption, it is not 
tubercular, and it does not appear to be associated with any malignant 
growth. It does not corresponcf clinically with any known tabetic disease. 
In one case seen in the earlier stages the pancreas was most affected . There 
is a progressive enlargement of the liver and spleen, the abdomen becoming 
considerably distend^. All the fat disappears and the muscles atrophy, 
but retain the power of movement. The appearance is quite characteristic — 
extreme emaciation of the whole body, with a protruding abdomen. Ulti- 
mately, through increasing weakness, walking becomes impossible, a serious 
matter with these nomadic people, which may account for the fact that the 
few cases of long duration which were observed had remained near white 
settlements. The course of the disease is slow, but, so far as could be ascer- 
tained, it always terminates fatally. Only one case was seen in a child, 
who died within a year, whereas in the case of a woman who appeared to be 
middle-aged it was said to have already lasted over two years. 

The cause of the disease is unknown. No parasite h^s been found in the 
blood of patients examined in the endemic areas. 

Further investigation is necessary to see whether tliis disease is a type of 
tropical splenomegaly (vide p. 1303). 
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GENERAL REMARKS. 

Renal disease in all its forms is frequently met with in the tropics, 
where nephrolithiasis, pyonephrosis, and pyelitis, with all their 
associated phenomena, are by no means rare. Stone in the bladder 
is common in certain regions, as is prostatic hypertrophy. But 
the only disease which really concerns us in this work is urinary 
bilharziosis, caused by Schistosoma hcemaiohivm. Tumours of 
the bladder are not common in our experience. Prostatic abscess 
is met with at times. We have observed various mycoses of the 
genito-ur inary organs due to fungi of tlu' gcTiera nocardia, ae^per- 
gillus, monilia, cladosporium. Native children in some parts of 
Africa (Sudan) suffer very often from a complaint called by the 
Arabs ' bar boul,' characterized by severe burning on passing urine. 
This condition is due to concentrated acid urine and the pre sence of 
gravel. Cystinuria is rare, but we have met with a case. 

In the present war a form of nephritis has bc'en not iced in soldicTS 
in the trenches (trench nephritis). 

BILHARZIOSIS. 

Synonyms. — Urinary schistosomiasis, Endemic hacmaturia, Bilharzia disease. 

Definition. — Bilharziosis is infection with Schistosoma heuma- 
tohium Bilharz, 1852, the eggs of which irritate and invade the 
urinary tract, and cause haematuria and cystitis. 

History. — The disease has been endemic in Egypt since ancient 
times, Ruffer having demonstrated calcified eggs of S. hcBmaiohium 
inmummies of the twentieth dynasty (about I25o-io()ob.c.). Hae- 
maturia was much noticed by the French army surgeons in 179Q 
to 1801; but it was not till 1*851 that Bilharz made the discovery 
that the disease was due to S. hcBmatohmm. 

Climatology. — Bilharziosis is prevalent in Africa, especially in 
Egypt and the Cape, but it is also met with in Asia, in India, Syria, 
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and Mesopotamia, and in the West Indies. In Egypt, according to 
Sandwith, infection probably takes place in the early winter months 
when the floods have subsided. 

-^Etiology. — The cause of the disease is Schistosoma hcematohium. 
The life-history is described in Chapter XXIV., p. 584. The 
method of infection is by the cercariae penetrating the skin or 
mucous membranes and developing into adults, which live and 
copulate in the portal and vesical veins, while the eggs leave the 
body with the urine. 

It occurs in any race and at any age, except infancy, but is 
more common in males than in females, due, it is thought, to the 
men washing in streams and working in the fields barefooted. 
According to Miss Elgood's investigations, the disease is common 
also in young girls, even in those who 
do not bathe, and who use filtered 
water. It is rare in Europeans, being 
much more common among the natives, 
in whom it is prevalent among the working 
classes, especially the field-labourers. 
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Pathology.— The worms live in the porta 
vein, but proceed to the venules of the 
bladder to lay the eggs. The irritation 
of these eggs excites a round-celled infiltra- 
tion, sometimes of a very extensive nature, 
giving rise to a sort of bilharzial granu- 
lation tissue — that is, a tissue composed of 
round cells and eggs. Madden divides 
tlie pathological changes into two classes — the hypertrophic and the 
atrophic. In the former, which is more common in mucous mem- 
branes, there is proliferation of the epithelium, with the formation 
of flattened projections or papillomata, while vesicles may also form, 
and, according to Madder . by bursting, give rise to the ulcers which 


Fig. 778A. — Miracidium 
OF ScJiisiosofia Hcd- 
maiobiii'n . ( x 300 Di- 
ameters.) 

( P ho t o ni i c r o gr a ph . ) 


at times are seen. 

The ova may escape from the mucosa, according to Looss, without 
the aid of ulceration, by working their way between the epithelial 
cells into the lumen of the viscus. Underneath the mucosae the 
round-celled infiltration forms the typical bilharzial granulation 
tissue, and leads to miu'h thickening of the wall of the viscus, and, 
proceeding to connective-tissue formation, may cause marked 



1928 DTSEASES OF THE URINARY ORGANS 

changes. Lesions may also be found from the pelvis of .the kidney 
to the meatus urinarius, but are most common in the bladder. 

Morbid Anatomy. — The earliest changes are found in the bladder 
in the formation of a general infiltration and thickening of the 
mucosa with bilharzial tissue. Over this thickened mucosa is a 
layer of adherent mucus, which is apparently protective. In this 
mucus numerous eggs are found. Later hyperaemic patches are 
found associated with vesicles, which are especially marked around 
the trigone, and contain a whitish fluid in which there are eggs. 
The hyperaemic patches increase in size and thickness, and the whole 
bladder becomes much thickened. Papillomata of all shapes and 



sizes are formed principally on the trigone and the posterior wall 
of the bladder. These papillomata bleed readily, giving rise to the 
haematuria. 

As the eggs increase in amount, connective tissue forms round 
them, and they die andbecome calcified, thus giving riseto brownish- 
yellow, sandy patches, not protect( d by mucus, and leading to an 
atrophy of the mucosa of the viscus. 

Ihe urine collects in th(' hollows between the papillomata, and, 
decomposing, gives rise to phosphates, which produce a whitish 
incrustation on the bladder wall. The orifices of the ureters may 
become obstructed, giving rise to backward pressure, causing hyper- 
trophy of the ureters and hydronephrosis. Septic infection is very 
liable to spread froni the bladder up the dilated ureters to the 
kidney. Bilharzial tissue may also form in the ureters and the 
pelvis of the kidney, and take the form of infiltrations and papil- 
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lomata. Calculi may also form in the bladder, and interstitial 
nephritis in the kidney. 

As the bladder becomes infiltrated it rises in the abdomen, and 
may be felt above the pubes, and in this situation infection may 
spread to the abdominal wall. In this case the typical bilharzial 
tissue forms in the subcutaneous tissue, and, working its way to 
the surface, forms a sinus lined with bilharzial granulations con- 
taining eggs and discharging pus. These sinuses may spread, and 
a large area of skin become involved. 

Bilharzial tissue may also form in the prostate and urethra. 

Symptomatology. — The incubation is not known, but, according 
to Sandwith, it varies from three to six months. At first no symp- 
toms are exhibited, but in course of time frequency of micturition, 
with a sensation of burning in the perineum or along the urethra, 
may be noted, while there is some straining after passing urine. In 
due course haematuria appears, beginning with a few drops of blood 
either at tlie end of micturition or after the urine has been passed. 
U .ually th(Te arc no symptoms with this haematuria, but there may 
be scalding. The urine is clear and ac^d, but some mucus may be 
passed, which, if centrifugalized or allowed to settle, shows the 
typical ova and, of course, red cells, leucocytes, and epithelial cells. 
Usually the general health is good, but pains in various directions 
may be felt — e.g., in the back, the perineum, the gluteal region, or 
down t lie legs. 

Sooner or later the urine begins to stagnate in the hollows in 
the mucosa formed by ulcers and by papillomata. When this 
hajipens, the urine becomes alkaline and turbid, containing pus and 
phosphates, as well as decomposing blood and ova. With this 
decomposition of the urine cystitis appears, and the sufferings of 
the patient begin in earnest, with at first increased, and later almost 
constant micturition, scalding pains in the perineum and the 
scrotum, together with tenesmus, which increase until he can rest 
neither day nor night. In order to add, if possible, to his miseries, 
the prostate may enlarge or a stone may form in the bladder, which 
may be composed of uric acid or oxalates covered with phosphates, 
or simply of pho.sphates. If the bladder is examined in this stage 
it will be found to be thickened, and may be felt above the pubes. 
FistuLe may form in the abdominal wall above the pubes, or the 
urethra may be attacked. The uretlu'al symptoms begin with 
localized pain and the formation of a lump which develops an 
abscess, and later urinary fi strike. 

The patient now becomes weak and anaemic, and begins to suffer 
from pyoneplirosis. The enlarged kidneys, and at times even the 
ureters, may be felt through the abdominal wall. In course of time 
septicemia sets in, and the patient dies. On the other hand, cases 
which have left the endemic area may slowly recover, the ova ceasing 
to be passed. 

Complications. — Retention of urine from blocking of the urethral 
opening by papillomata or a stone may occur. Stone in the bladder. 



1930 


DISEASES OF THE URINARY ORGANS 


as has already been mentioned, is an important factor in increasing 
the sufferings of the patient, but its symptoms may be masked by 
those of the disease. Urinary fistulse has already been referred to, 
and cancer may also occur as a complication of the disease, but is 
said to be rare. Ankylostomiasis and pellagra and other diseases 
may also complicate a case. 

Diagnosis. — The only certain diagnosis is by the discovery of the 
ova, but haematuria in the endemic area must always be regarded 
with suspicion. Centrifugalization is necessary when the ova are 
in small numbers. 

Fairley recommends a complement lixali on-test with an antigen prepared 
from livers of infected snails. 


Prognosis. — The prognosis depends largely upon the possibilities 
of infection, and is therefore better if removal from the infected 



area is possible; for, according to Sandwith. 
most cases cease to pass eggs within three 
years of leaving that area. 

Treatment. — McDonagh and Christopherson 
have recommended the intravenous injection 
of tartar emetic, which should be administered 
in the same way as for intestinal schisto- 
somiasis (p. t86o). Various tn'atments, such as 
injections of sulphuretted hydrogen and carbon 
dioxide gases into the bladdcT, have been 
suggested. The drug commonly used in the 
past was liquid extract of male fcTU, in 5-minim 
doses, three tiiiK'S a day, continued for a long 
time. It is said to reduce the htX'inaturia and 
lessen the discharge of eggs. Emetine has been 
recommended by several observers. Madden 


recommends the washing out of the bladder 


Fig, 778D.---ILGG c)i< 
Schistosoma hcB- 
matohium in Urine. 

(Photomicrograph .) 


with injections of silver nitrate, beginning 
witli I in 10,000, and increasing the slrength 
gradually; or quinine in a 4 per cent, solution; 
or adrenalin in normal saline solution. 


In addition, boracic acid, in 5-grain doses, 
three times a day, or helmitol, in 15-grain doses, three times a 
day, urotropine, salol, benzoic acid may be given, or the ordinary 
buchu and hyoscyamus mixture may be administered. Large 
quantities of water or Vichy water should be drunk to wash out the 


urinary passages. 

If a calculus is present, it must be removed by lithotrity or by 
perineal, not suprapubic, cystotomy. Cock's operation of cys- 
totomy and drainage of the bladder gives relief in the later stages, 
but Madden says that this only last s for a few days, and then usually 
diarrhoea and septic infection set in, and the patient dies in about 
two weeks. 


With regard tofistulse, they ought to be thoroughly dissected out 
and this may mean a very prolonged operation if it is to do any good. 
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McDonagh, who first used antimony in bilharziosis in 1912, prefers colloidal 
antimony, which he gives intravenously and intramuscularly in doses of 
0*5 c.c. to 2 c.c. of a 0*2 per cent, emulsion. 

Salvarsan has been used by several observers, with doubtful results. 

Prophylaxis* — As the method of infection is unknown, it can only 
be suggested that bathing in polluted or possibly polluted water is 
dangerous, and drinking-water must be carefully boiled and filtered. 
The urine of persons suffering from the disease should be mixed 
witli some disinfectant before being disposed of. 


URINARY AMCEBIASIS. 

Definition. — Urinary amcebiasis is the infection of the urinary 
tract with amcebie, which most commonly arc Lorjchia Imtolytica 
(Schaudinn, 1903). 



I'lG. 779. — Precystic Stage of Locschia histolytica (Schaudinn, 1903, 
emandavii Walker. 1911), as seen in Urine in a Sudan Case. Fresh 
AND Unstained Specimen. (X 1,500 Diameters.) 

(Microphotograpli. This illustration may be examined with advantage 
by means of a reading lens.) 

Historical. — In considering the history of urinary amoebiasis, it is 
convenient to divide the subject into infections low down in the 
urinary tract, into those wliich arc situate high up, and into those 
of which the site is unknown. 

Low Down in the Urinary Tract. — AmoebeC were first described in 
urine and in vaginal secretion by Baelz in 1883, when he named the 
particular species which he saw Amocha urogcnitalis Baelz, 1883. 
This amoeba was provided with a synonym by R. Blanchard in 1885, 
when he called it Amoeba vaginalis R. Blanchard, 1885. It measured 
some 23-50 microns in diameter, was actively motile, extruded short 
and blunt pseudopodia, possessed granular cytoplasm containing 


1932 


DISEASES OF THE URINARY ORGANS 


a vesicular nucleus and phagocyted red blood-corpuscles, while 
cystic stages of the same organism were also observed. There is, 
in our opinion, no reason to doubt that this is the same species as the 
organism variously known at the present time as Loeschia histolytica 
(Schaudinn, 1903, emendavit Walker, 1911); Entamoeba histolytica 
Schaudinn, 1903; Entamceha tetragena Viereck, 1907; Amoeba 
dysenteric^ Councilman and Lafleur, 1891; and Amoeba coli Loes 'h, 
1875; and by various other names. 

The unpleasant point is that if the rules of zoological nomen- 
clature are pressed we ought to call the amoeba of dysentery by 
Loesch's name. 

The following cases are known to us: — 

(1) Baelz’s patient was dying from pulmonary tuberculosis, and it 
was only shortly before death that haematuria associated with severe 
tenesmus of the bladder set in, and Baelz considered that the bladder 
as well as the vagina was infected, but it is not evident from 
abstracts of his paper tliat any post-mortem examination was made. 

(2) In Jurgens' 1892 case the amoebae were found by post-mortem 
examination to come from mucous cysts in the bladder of an old 
woman who had suffered from cystitis, and in whose vagina they 
were also found. 

(3) In 1911 Craig found Loeschia histolytica Schaudinn, 1903, 
in an infection of the bladder in which the autopsy showcul a minute 
fistula between the ulcerated intestine and the bladder. 

(4) Lynn's 1914 Costa Rica case seems to have been probably 
caiist^d by a vesical lesion, as the patient is reported to have felt ' a 
pain inthetrigonum vesicle at the end of micturition.’ He responded 
very well to emetine treatment, as it is stated ' in the course of 
five days the vesicle tenesmus was relieved and the urine cleared 
moreover, there was no return of the symptoms after one month. 

(5) and (6) Scott Macfie’r. second case was probably a bladder 
infection associated with bilharziosis, while his third and fully 
described case was probably an infection of the genito- urinary tract 
in the neighbourhood of the seminal vesicles. 

High up in the Urinary Tract.— in these cases the site of infection 
is probably in the pelvis of the kidney. 

(7) Posner’s 1893 Berlin case began with a rigor and the passage 
of urine tinged with blood, which, when examined, showed red and 
white blood-corpuscles, hyaline and granular casts, and large 
granular bodies 50 by 28 microns, which slowly altered their shape, 
and which contained, among other things, red blood-corpuscles and 
one or more nuclei and some vacuoles. Posner, probably correctly, 
came to the conclusion that the pelvis of the kidney was affected, 
but seems to have considered that this infection began in the bladder. 

(8) A similar case exhibiting signs of pyelitis without any vesical 
symptoms has been recorded by Chalmers and O’Farrell in the 
Anglo-Egyptian Sudan. 

Site in the Urinary Tract Unknown. — (9) We have been unable 
to refer to the original papers written by Wijnhoff, by Jeffries, and 
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by Fisher, and are therefore unable to state where the infection 
was situate. 

(10) The very brief note by Ward, Coles, and Friel arouses the 
doubt as to whether the amoebae really came from the patient, 
because they do not state whether these bodies were merely seen 
once, or whether they were of frequent occurrence. They call the 
organism Amceba urince gramdata, hut , as Fantham has pointed out, 
in no case can this name stand. 

(11) Scott Macfie, owing to the non-return of the patient to the 
hospital, was unable to define the site of the infection in his first case. 

All the cases which we have met with have been associated with 
symptoms which have pointed to the pelvis of the kidney as the 
probable source of infection. 

Climatology. — Cases art' known in Europe, Africa, and Asia. 

etiology. — It is possible that all reported cases were due to 
Loeschia histolytica. 

Symptomatology — Amoebic Pyelitis . — With 01 without the history 
of previous amoebiasis in the form of amoebic dysentery or other 
amoebic infection, a person is seized with an attack of lumbar pain 
associated with the passage of turbid urine, with or without blood, 
and slight fever, the temperature rising to 99 "’-100° F. 

The urine, if collected and examined after centrifuging, will be 
seen to contain a deposit of red blood cells, leucocytes, and amoebae 
in a precyst ic stage, and more or less degenerate, v 

The blood, when examined, has been found to show: — 


l^olymorj)honiiclcar leucocytes .. .. .. 6i*o 

Mononuclear leucocytes . . . . . . . . 8*4 

l^argc lymphocytes .. .. .. .. .. -2*4 

Small lymphocytes . . . . . . . . . • 5*h 

Kosinophile leucocytes . . . . . . - . . • 2*2 

Mast cells .. .. .. .. .. .■ 0*4 

Total . . . , . . loo-o 


Amoebic Cystitis . — In tliese cases there is pain and straining at 
the end of micturition. On examination the urine shows motile 
amoebae. 

Treatment. — The treatment is to give urotropine by the mouth and 
emetine intramuscularly. 


OXALURIA. 

Definition. — Oxaluria is the deposit in abnormal quantity of 
oxalate crystals in the uune, and should be restricted to cases 
which show an increase in the quantity excreted in the day. 

Historical. — The crystals of calcium oxalate were discovered by 
Donn^ in 1838, and were much discussed for a time, being made the 
basis of the oxalic acid diathesis of Prout, Golding, Bird, andBegbie ; 
but as a result of Smoler and Bacon's investigations, this theory 
fell to the ground. In 1896 Dunlop attributed them to the oxalates 
in the food, and in 1900 Baldwin conducted a series of experiments 
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Upon <iogs, and showed that fermentative intestinal disturbances 
assocpiated with the absence of free hydrochloric acid in the gastric 

juice were the causal agent. 

Climatology. — It may occur in any part of the world, but is very 
commonly met with in the tropics, in Europ('ans and natives alike. 
With regard to its presence in natives, Burkitt^s observations in 
Chandira in Eastern Bengal are especially interesting. 

^Etiology. — The normal quantity of calcium oxalate to b(' (ex- 
creted in the urine is 0*5 gramme p(T diem. It may pcThaps come 
from certain vegetal substances in the dic't, but it is more likely that 
it is in some way associated with either proteid fernn'iitation in the 
alimentary canal or proteid metabolism. 

Miss Baldwin’s experiments tend to show that if the carboJiydrate 
food of a dog is abnormally increased hypoclilorhydria ma}’ result, 
and with it oxaluria. Burkitt’s observations support this, as he 
shows that the Manipiiris (of Mongolian origin) living round 
Chandira in Eastern Bengal, and consuming nothing but vegetables 
and fruit, suffer excessively from oxaluria. Certainly treatment based 
upon the idea of too little acidity in the stomach is most successful. 

Symptomatology, — Dyspepsia, pain in the lumbar region, shoot- 
ing down the ureter, burning during micturition, and ewen hasma- 
turia, are signs of oxaluria. These symptoms may or may not be 
associated with signs of mild m urastlienia. If unchecked, oxaluria 
may lead to the formation of an oxalate calculus in the kidney or 
bladder, accompanied by the ordinary signs of stone in the kidney 
or bladder. 

Treatment. — The treatment is .simple and certain. A few minims 
of the dilute pliarmacopoeial preparation of nitr('>hydrochloric acid 
combined with J drachm of the compound tincture of cinchona bark 
and I ounce of the compound mixture of gentian, given three times a 
day before meals, is the best remedy. 

URINARY MYIASIS AND CANTHARIASIS. 

See Chapter LXVIL, pp. 1628 and 1640. 

CHYLURIA. 

This is generally due to filariasis, and is described on p. 1608. 
Cases of schistosomic origin occur, and Remlinger has placed on 
record two cases due to hydatids, with hydatid membrane in the urine. 
Quarelli, in 1918, drew attention to a malarial chylnria associated 
with nialarial parasites in the blood, and cured by quinine therapy, 
occurring in a person who had never left Italy. 

URINARY TESTS. 

Castellan! and Taylor’s Myoological Method for the Detection of Glucose, 
Lactose, Maltose, and Other Carbohydrates In the Urine —The tropical prac- 
titioner generally bases the diagnosis of diabetes on the reduction of Fehling’s 
solution by the suspected urine. Fehling, however, may be reduced by a 
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number of other substances in addition to glucose — -for instance, by lactose, 
galactose, maltose — ^and the detection of such substances by chemical proce- 
dures is long and requires much practice. Castellani and Taylor’s mycological 
method will often be found simpler and easier. Castellani and Taylor thought 
that, just as various carbohydrates and other carbon compounds are used in 
the identification of certain bacteria and higher fungi, the reverse process 
might also be carried out — viz., bacteria and higher fungi might be used for 
the detection and identification of certain chemical substances, "^or many 
years ordinary baker’s yeast (so-called German yeast) has been, of course, used 
to detect glucose, but this is the only sugar for which a purely mycok<gical 
method has been used in pathological work, and, as a matter of fact, it is 
an unscientihe method, as ordinary baker’s yeast very often ferments galactose, 
maltose, saccharose, and other sugars, in addition to glucose. If a urine, there- 
fore, is fermented by baker’s yeast, this does not mean with certainty that it 
contains glucose, as stated in so many textbooks. Castellani and Taylor 
determine whether a substance is or is not a certain carbohydrate by testing 
on it whenever possible the action of two germs known to be identical in all 
their biochemical reactions, except on that particular carbohydrate. For 
instance, in order to see whether a certain chemical substance reducing Fehling 
is maltose or not, the substance is tested with two germs which are known to be 
identical in all their biochemical reactions, except on maltose, such as Monilia 
kvusei Castellani and Monilia pinoyi Castellani. The procedure to detect, for 
instance, maltose in the urine is as follows: The urine is collected ascptically, or, 
if this is not feasible, is distributed in sterile tubes (each containing a small 
fermentation tube) as soon as passed, and then sterilized in Koch’s stove for 
thirty minutes on two or three consecutive days. It should never be auto- 
claved, as autoclaving may alter the composition of the sugars and other 
carbohydrates present. Two tubes of the aseptic urine to which one-third or 
the same amount ot sterile, sugar-free, peptone water has been added (to 
facilitate an abundant development of the organisms) are inoculated — tube 
No. I with Monilia kvusei and tube No. 2 with Monilia pinoyi. The two tubes 
are incubated at 33° C. for twenty-four to forty-eight hours, and then examined. 
If No. 1 does not contain gas, while No. 2 contains gas, the urine, according to 
all probability, contains maltose. 

To understand and properly carry out the method one must have, of course, 
an exact knowledge of the biochemical reactions of a certain number of bacteria 
and high(‘r fungi, which can be found at pp. 0.13 and io<S2. The working and 
results of the method are seen at a glance in the following mycological 
formulas : — 

Urine Fehling-reducing. 


I. 

Monilia balcanica Castellani 

. . Gas 

2. 

Monilia balcanica Castellani 

0 


Monilia kvusei Castellani . . 

. . Gas 

3- 

Monilia kvusei Castellani . . 

0 


Monilia pinoyi Castellani . . 

. . Gas 

4* 

Monilia pinoyi Castellani . . 

0 


Monilia metalondinensis Castellani 

Gas 

5. 

Monilia metalondinensis Castellani 

.. 0 


Bacillus coli sensd stvicto Escherich 

. . Gas 


Bacillus pavatyphosus B Shottmiiller 

. . Gas 

6 . 

Bacillus coli Escherich 

. . Gas 


Bacillus pavatyphosus B Shottmiiller 

0 


Urine not Fehling-reducing. 

I. 

Monilia pinoyi Castellani . . 

0 


Monilia vhoi Castellani 

. . Gas 

2 . 

Bacillus coli Escherich 

.. 0 


Bacillus pseudocoli Castellani 

. . Gas 

3- 

B. pavatyphosus B Shottmiiller var. M. 

. . Gas 


B. pavaty phosus A Shottmiiller 

0 


=glucose. 

=levulose. 




J = 
1 = 


maltose. 

galactose. 

pentoses. 

dactose. 

saccharose. 

saccharose. 

inosite. 
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URINARY TEST FOR QUININE ELIMINATION. 

At times it is necessary for the physician to be certain that quinine is being 
absorbed by the patient, and at others that the patient is really taking the 
quinine which has been ordered. Under such conditions a simple easy 
urinary test which will indicate the presence of the drug in the urine is of value. 
Such a test can, be performed as follows: — 

A. To 2 cubic centimetres of the filteyed urine contained in a clean test-tube 
add J cubic centimetre of Tanret*s reagent. This reagent is a mixture of 
3 grammes of iodide of potash, i gramme of corrosive sublimate, and 20 cubic 
centimetres of glacial acetic acid, in such a quantity of distilled water as will 
produce in all 60 cubic centimetres. 

B. If the Y^atient has been taking quinine, or if he has albumen in his urine, 
the operation described in the preceding paragraph will give rise to a faiht 
opalescence or a white cloud, depending uj^on the quantity of either present. 

C. Next add a few drops of absolute alcohol, when the precij)itate if due to 
quinine will disappear, while that caustd by albumen will remain. 

This reaction apj^eai's in about two hours after taking a dose of qiiinin , 
and will persist for twenty-four hours after a dose of 5 grains, and lor forty- 
eight hours after that of 20 grains of the drug. 
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CHAPTER LXXXVI 

DISEASES OF THE GENERATIVE SYSTEM 


General remarks — Male generative system — Endemic funiculitis — Female 
generative system — Tropical puerperal fever — Sutika — References — 
Addendum — Ante- and post-natal pathology — Addendum references .J 

GENERAL REMARKS. 

In this chapter we propose to include a few general remarks upon 
the male and female generative systems. The subjects will be 
merely touched upon, as space forbids anything else. 

MALE GENERATIVE SYSTEM. 

In Chapter III., p. 77, we have invited attention to the effects of 
climate upon the generative organs, and have noted that they act 
more vigorously than in the Temperate Zone, and that venereal 
excess is distinctly more deleterious in the tropics than in temperate 
climates. We have also noted that puberty in boys appears at an 
earlier age in the tropics than in other climates. 

In Chapter V., p. 118, we have touched upon the subject of 
Eugenics, and have mentioned the ill-effects of alcoholism, syphilis, 
gonorrhoea, and tuberculosis, the effects of whicli are much the same 
as in other climates, but as regards the first wc have set forth 
its evils in Chapter X., p. 175. In reference to syphilis, it is very 
common, and its primary, secondary, tertiary, and inherited effects 
can be abundantly seen among natives, as may be judged from 
Chapter XCVII. Gonorrhoea is very common among all classes of the 
population and all races. The clinical features are the same as 
observed in temperate zones, but complications are much more 
frequent, owing to the native patients consulting a doctor only when 
the disease is of long standing. We have seen several cases of gono- 
coccus septicaemia with endocarditis ending fatally, and also several 
cases of so-called ' gonococcus rheumatism.’ It may be noted that 
among certain natives there is a general belief that the disease is not 
of sexual origin. African porters firmly believe that it is due to pro- 
longed marching. There are also various curious superstitions in 
connection with it. In Abyssinia, according to Annaratone, natives 
believe it is contracted by passing water on the ground illuminated 
by moonshine, or by passing water where dogs have previously 
urinated. Occasionally true cases of non-gonorrhoeic urethritis are 
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met with (p. 1943) ; in a few of these cases chlamydozoa-like bodies 
have been described. Rare cases of urethritis, with black discharge 
due to the presence of Aspergillus fumigatus, and cases of balanopos- 
thitis due to monilias, are observed. Neglected strictures are by no 
means uncommon, and, as we have already stated, one of these ap- 
parently caused intestinal obstruction and death. Extravasation of 
urine is not rare — at all events, in Africa — as the result of neglected 
stricture. Elephantiasis of the generative organs is common in Africa, 
and in many parts of tropical Asia and America. Hydroceles , 
chyloceles, hcematoceles , orchitis, and epididymitis are all common, 
and bilharziosis has been already noted by us. Epithelioma of 
the penis is associated with phimosis and the accumulation of 
irritating secretions, which may cause balanitis. In these circum- 
stances, if no treatment is carried out, epithelioma may result. 
Certainly epithelioma of the penis is rare in races in which circum- 
cision is performed. 

Castration and circumcision are still performed in many tropical 
countries. As regards the former, it may be restricted to the simple 
removal of the testes, but more generally the penis also is cut away. 
This operation is usually performed upon small boys. Circumcision 
usually takes place about puberty, but in some races it is performed 
at an early age. It is usually associated with some semi-religious 
rites intended, in the case of the older boys, to be an initiation to 
sexual life, as may be found detailed in works upon anthropology. 
Christopherson has drawn attention to the mutilations performed 
by the Abyssinians upon their conquered foes in times of war. 
This consists of a complete castration — i.e., the removal of the penis 
and testes — and, as may be imagined, but few survive such a muti- 
lation performed on the field of battle. The result of these opera- 
tions and mutilations is the formation of much scar tissue surround- 
ing the orifice of the urethrae and the pubes. 

With regard to the breast, we have seen extraordinary, hypertrophy 
of the male breast. 


ENDEMIC FUNICULITIS. 

Synonyms. — Suppurative phlebitis of the spermatic cord. Sup- 
purative corditis, Cellulitis of the spermatic cord, Cirsoitis (Pfister). 

Ddftnition. — Endemic funiculitis is an acute specific suppurative 
inflammation of the spermatic cord, of which the aetiology is not 
firmly established. 

History. — For many years medical men practising in Ceylon have 
noticed the occurrence of a peculiar form of acute suppurative 
inflammation of the spermatic cord, which occasionally takes a 
true epidemic character, numerous cases occurring within a short 
period. References to this affection may be found in almost all 
the medical reports for the colony during the last twenty years, 
the disease being variously indicated by the name of phlebitis of the 
cord or corditis. It was considered by some to be of traumatic 
origin, by others of venereal origin. Some practitioners considered 
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it to be a malarial affection. The disease was investigated by 
Castellani first in 1904, and more completely in 1907. He came to 
the conclusion that it had nothing to do with either malaria or 
gonorrhoea. He thought the malady had sufficiently characteristic 
symptoms to be ranked as a separate disease, and suggested the 
name ' endemic funiculitis.' The affection is not limited to Ceylon, 



Fig. 780. — Endemic Funicu- 

LITIS, SHOWING LONGITUDINAL 

Section of the Cord. 


The testes and epididymis are 
normal. 



Fig. 781. — Transverse Sections of the 
Cord in Endemic Funiculitis. 


The testes and epididymis were normal, 
but the tunica vaginalis held a small 
quantity ofj fluid. The sections of the 
cord are arranged in an arch from right 
to left. The dilated Weins, which were 
filled with pus, are clearly visible. 


as cases occur in Southern India, and an identical pathological 
condition has been described in Egypt by Madden in 1907 under 
the name of cellulitis of the spermatic cord. The condition described 
by Wise in the West Indies is probably the same pathological entity . 
Of great importance are the investigations by Coutts. 
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/Etiology. — Among Ceylon practitioners the disease was con- 
sidered by some to be of traumatic origin; others believed it to be 
of venereal origin, and yet others to be a malarial affection. Castel- 
lani found in all the cases virulent diplo-streptococci, arid in some 
cases, one in 1904 and the others in 1909, and later, a microfilaria. 
This microfilaria is morphologically identical with Microfilaria han- 
crofti, but in our cases, though provided with a sheath, it showed 
translation movements. The cocci are practically indistinguishable 
from the ordinary streptococci but for the fact that some decolourize 
by Gram in sections of the tissues and in smears from the pus, 
while they arc Gram-positive in cultures. According to Coutts 
these micrococci are often found in the urethra of natives. Tie 
regards the suppurative condition of the cord as due to the extension 
of an infection from the urethra by way of the vas deferens. Wise 
has found in his cases F. hancrofti and numerous streptococci. 
Piaster believes the disease to be connected with bilharziosis. We 
are inclined to consider the malady to be a filarial condition with a 
superadded streptococcus infection. The 
filaria probably plays the more impor- 
tant or only role in the subacute or 
chronic cases, while the streptococcus is 
probably the causative agent of the 
acute symptoms and the suppuration, 
and of the symptoms of septicaemia. 

Predisposing Causes. — A certain impor- 
tance must be given to a sudden chill 
or to some form of traumatism. In 
nearly all the Ceylon cases the disease 
begins abruptly after taking a cold bath _ transverse 

when feeling tired. In some cases the Section Inflamed Cord. 

patient gives a history of having made (Actual Size.) 

an effort, such as in lifting a weight, etc. 

Pathology. — The whole of the spermatic cord is highly inflamed 
and infiltrated. The circumference of the cord may be as much as 
3 to 3J inches. The tunica vaginalis is hypersemic, but in most 
cases there is no collection of fluid. On making a transverse 
section of tlie cord, yellow creamy pus will exude from the opened 
veins of the pampiniform plexus, as well as from the vas deferens. 
The inflammation is not localized to the cord only; it ordinarily 
extends to the epididymis. In two very recent cases of ours, how- 
ever, the epididymis was normal. The testicle proper remains 
generally unaffected ; there is occasionally some effusion of clear fluid 
into the tunica vaginalis. The histological lesions are, briefly, the 
following: The veins of the pampiniform plexus are much dilated, 
and present a cellular infiltration of all the coats, the lumen of some 
veins being occupied by pus cells or thrornbi. The vas deferens 
also presents a well-marked cellular infiltration of its mucous mem- 
brane and various muscular coats. The type of cellular infiltration 
as noted by Coutts and Castellani is mostly mononuclear. 
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Morbid Anatomy. — At the post-mortem examination of the cases 
in which an operation has not teen performed in time, the lesions 
found are those of a septicaemic process. The skin is jaundiced, and 
may present petechiae; the lungs often show hypostatic congestion; 
the heart is flabby, and subpericardial haemorrhages are often seen. 
The spleen is enlarged and soft. The liver is generally enlarged, and 
may show fatty degeneration or cloudy swelling. The kidneys are 
often congested. 

Symptomatology. — The disease begins suddenly, generally after 
a hard day's work or severe exercise. In Ceylon the usual history 
is as follows: The patient, after an extra hard day’s work, comes 
home in the evening very tired, but not feeling unwell, and takes a 

cold bath as usual. After the 
bath he is suddenly seized 
with a shivering fit, the tem- 
perature rising very high. He 
feels very sick, and there is often 
actual vomiting. At the same 
time he complains of pain along 
the cord and the epididymis. 
The condition becomes rapidly 
worse, and the patient is gener- 
ally taken to hospital on the 
second or third day of the 
illness. On admission, it is 
usually found that the general 
condition is grave. There may 
be continuous vomiting, and 
occasionally hiccough; the tem- 
perature is generally above 
102° F., and the pulse small and 
frequent. At the physical ex- 
amination it will be seen that 
the inguinal region is occupied 
by a large cylindrical swelling 
in the direction of the cord. 
The swelling is very tender on pressure, and hard; the skin is not 
affected. Generally the epididymis is somewhat enlarged and 
tender, though in some very recent cases it may not appear to be 
affected. In all cases the testicle proper appears to be normal; 
there is, as a rule, no effusion in the tunica vaginalis. The affection 
is generally localized to one side only, but occasionally attacks both 
sides. On examination of the penis and scrotum no ulcers will be 
found, no signs of gonorrhoea, and no signs of any traumatic lesions, 
though in several cases the patient gives a history of having made 
an effort of some sort. As a rule, the disease has no tendency to 
spontaneous recovery. If an operation is not performed in time, 
signs of general septicaemia usually set in. In such c^ses the skin 
of the patient often becomes jaundiced, cutaneous haemorrhages 
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may appear, the fever is of an intermittent or remittent type, the 
pulse becomes extremely small, there is often hiccough, and the 
patient dies in a few days. 

Varieti^. — A mild form, with thrombosis of the veins, but without 
suppuration, is at times met with. According to Coutts, a chronic 
form, also without suppuration, may occur. 

Prognosis. — This is serious in the ordinary acute form. If an 
operation is not performed in time, symptoms of general septicaemia 
set in, and the rase, as a rule, ends fatally. 

Diagnosis. — The disease is apt to be confused with strangulated 
hernia and an acute elephantoid condition of the testicle and cord. 
From the former endemic funiculitis may be differentiated by the 
history, the high fever, and the course, which is somewhat less acute. 
In some cases, especially in the fulminating forms, operative treat- 
ment alone will clear the diagnosis. 

From an acute elephantoid condition it may be differentiated by 
the absence of the erysipelatous-like redness of the skin. 

Treatment. — Except in the rare mild forms, when lead lotion and 
ichthyolointment, withor without ice application, maybe sufficient, 
the only effective treatment is surgical, and orchiotomy, with 
section of the inflamed cord as high up as possible, is imperative. 
Coutts recommends exposure of the inflamed cord by a free in- 
cision through the skin and external oblique, to be lollowed by 
numerous incisions into the tumour. The wound is left open, and 
fomentations applied till the surface is clean. The wound is then 
left to heal by granulation. Coutts considers that in this way, 
though the testis loses its generative function owing to the oblitera- 
tion of the spermatic duct caused by the inflammation, its internal 
secretion is unimpaired. 

When the disease has extended beyond the internal abdominal 
ring, orcliiotomy must be performed and the veins left unligatured 
while fomentations are applied. 

NON-GONORRHCEAL URETHRITIS. 

Urethral muco-purulent discharge is as a rule of gonorrhoeal origin, but 
Castellani has called attention to a number of forms of quite different aetiology, 
which may be classified as follows; — 

A. Traumatic Mucous Urethritis. 

This occasionally arises after long and violent continued physical exercise. 
One is rather sceptical in admitting such a type of urethritis, and practically 
all the cases of so-called " porter’s urethritis * we have seen were gonorrhoeal 
infections. Still, there cannot be any doubt that in soldiers and native porters 
doing long marches day after day a slight urethritis with scanty mucous 
discharge may occasionally develop, even in individuals who have never 
suffered in the past from gonorrhoea. The secretion, however, in our ex- 
perience is never frankly purulent. 

B. Urethritis of Hyphomycetic Origin. 

The following clinical varieties may be differentiated : — 

I. The discharge is black, greenish-black, or brownish-black, generally due 
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to fungi of the genus Aspergillus Micheli and Cladosporium Link, One of ns 
has described some of these cases in Ceylon. 

a. Discharge whitish or yellowish. Generally fungi of the genus Monilia 
and of the genus Oidium are found. 

3. Red discharge. Generally due to a red pigment-producing monilia or 
cr^tococcus, or to a non-pigmented monilia, and associated with red pigment- 
producing bacilli or cocci. 

C. Urethritis associated with Animal Parasites ; I. With Protozoa ; II. With 
Animal Parasites Higher than Protozoa. 

I. Urethritis of Protozoal Origin. — The following varieties may be dis- 
tinguished : — 

(1) Urethritis associated with Flagellates. — The flagellates found belong to 
the genera Trichomonas Donn6, Cercomonas Dvi‘]^.r^m,Prowazekia Harlmann 
and Chagas. In one of our cases a flagellate with four flagelli was observed. 
It is doubtful, however, whether the flagellates found are tlie true aetiological 
agents of the discharge. 

(2) Urethritis associated with Ciliates, — In a case of urethral discharge in a 
native man we observed the same ciliatc we have fairly often noticed in Ceylon 
in the vaginal secretion of native w^omen. 

(3) Urethritis associated with Amcehce. — We have seen several such cases. 
The amoebae were of different t5rpe; in one case it closely resembled I.oeschia 
histolytica. 

(4) Spirochcetic Urethritis. — This type of urethritis due to S. urethralis 
Macfie is occasionally met with. The discharge may be abundant and frankly 

S urulent, and contains an enormous number of spirochaetes. It must be noted, 
owever, that spirochaetes are not rarely found in the normal urethra, as 
shown by many observers and in the tropics by Mcndelson. 

(5) Treponema urethritis. — The discharge is muco-purulent and contains a 
large number of treponemas {Treponema urethrale Castellani). The organism 
is very delicate, stains purplish or pinkish, has numerous small .spirals, all 
practically of the same size; length of the parasite 6 to 12 microns. Tlu' patient 
has no sign of syphilis, and Wassermann is negative. Urethral irrigation of a 
I in 20,000 solution of hyd. perchlor. cures the condition. 

II. Urethritis associated with Animal Parasites Higher than Protozoa. 
— These are generally due to larvas of flies and cliance parasites setting up an 
inflammation of the urethra. 

Balanoposthomycosis. — In 1881 Simon of Breslau first described a balano- 
posthitis due to fungi, and occurring in per.sons suffering from diabetes. It 
is probably the same disease as that referred to by Rollo in 1798, by Bardsley 
of Manchester in 1807, by Friedreich in Hanover in 1864, by llassal in 1833, 
and by de Beauvais in 1874. The symptoms consist of slight itching and 
burning on the glans penis and on the inner a.spect of the prepuce, and isas.so- 
ciated with erythema, followed by superficial ulceration and a yellow purulent 
discharge, while the margin of the prepuce may become irritated and ifliimosis 
set in. On examining the discharge fungal liyphai of a moniliform characicr 
may be seen. Castellani has descrilx;d several such cases due to fungi of the 
genus Monilia. 


FEMALE GENERATIVE SYSTEM. 

Circumcision is exceedingly common among native races — e.g., 
among the semi-civilized Arabs and the vSudanese of Kordofan and 
other parts of the Sudan every young girl wlien aged five or six 
years undergoes one of two varieties of this operation. The milder 
operation, called ' sunna talmret,' or circumcision according to 
religious law, consists of the removal of the clitoris and labia minora, 
while the more severe cutting, called ' Pharaoh's tahuret,' or the old 
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Egyptian circumcision, entails in addition the removal of the upper 
two-thirds of the labia majora. The result of these operations is 
the formation of scar tissue, and hence it is almost always necessary 
to enlarge the vulvar orifice by means of a razor, not merely at the 
time of marriage, but again at the birth of a child, when, otherwise, 
it would be difficult for the head to emerge. The enlarged orifice 
is again partially closed some little time after birth of the child, 
and therefore incision has to be repeated at every succeeding 
birth. 

In 1910 Wilson studied the peculiar elongation of the nymphae 
found in Hottentot women, and came to the conclusion that it was 
largely produced artificially. 

In 1917 Neve drew attention to the fact that rickets is rare in 
Kashmir, but that osteomalacia was common in multiparous 
women, in whom the first symptoms appear in pregnancy and cause 
the characteristic deformity of the pelvis. 

We have discussed the question of the onset of puberty and the 
climacteric in Chapter III., p, 77, to which reference may be made. 
Displacements, inflammations, and tumours of the female generative 
organs are quite common, especially uterine fibromata and ovarian 
cysts. Cancer of the uterus is not rare, 

VULVO-VAGINITIS. 

Every type of vulvo-vaginitis met with in temperate zones is also found in the 
tropics, and gonorrhoeal infections are very common. It is interesting to 
note that we have found in the vaginal secretion practically all the organisms 
we have mentioned under the heading Pseud o-Gonorrheeal Urethiitis, and 
that there are forms of vulvo-vaginitis associated with flagellates, ciliates, 
amoebae, spirochaetes, treponemata, and fungi, and hence it is quite possible 
that a certain number of cases of protozoal and hyphomyc etic urethritis in 
man are contracted in reality by sexual intercourse. 

Vulvo-vaginitis associated with hyphomycetes is far from rare, and such 
cases may be separated into two principal groups: — 

I. Associated with fungi of the genus Aspergillus, Sterigmatocystis, Peni- 
cillium, Cladosporium, with discharge, which may be dark-brownish or black. 

II. Associated with fungi of the genus Monilia and the genus Oidium, with 
white or yellow discharge. These cases may present two different clinical 
appearances : some are characterized by the presence of thrush-like membranes 
on the vaginal mucosa (vaginal thrush) ; others do not show any membrane on 
the mucosa, but the discharge is purulent and very tliick. In the tropics 
Castellani has found fungi principally of the types Monilia pinoyi Castellani, 
Monilia tropicalis Castellani. In temperate zones the same observer with 
Taylor have found Monilia pinoyi Castellani, Monilia londinensis Castellani, 
Monilia metalondinensis Castellani, and other species. 

VAGINAL PROTOZOA, 

The vagina of native women may be the habitat of numerous protozoa apart 
from Treponema pallidum and spirochaetes. We record the presence of the 
following:^ — 

Sarcodina : — 

Loeschia histolytica (Schaudinn, 1903). 

Loeschia co/f Loesch, 1875. 
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Mastigophora : — 

Oicomonas vaginalis Castellani and Chalmers, 1908. 
Prowazekia vaginalis Castellani and Chalmers, 1918. 
Trichomonas vaginalis Donn6, 1837. 

T etratrichomonas vagina Castellani and Chalmers, 1918. 

Ciliata : — 

Balantidium vaginale Castellani and Chalmers, 1918. 


TROPICAL PUERPERAL FEVER. 

Synonym. — Puerperal septicaemia. 

Definition.- — Tropical puerperal fever is an infection of parturient 
or puerperal women with various germs, which may cause a local 
septic condition or a general septicaemia. 

History. — It is probable that puerperal fever has been pr evalent 
throughout the world in all ages wherever man has roamed, but 
as it is conveyed from infective sources, living or dead, autogenetic 
or heterogenetic, by instruments or by the hands of the attendants, 
to the uterus of the parturient woman, it is obvious that, in those 
primitive tribes in which little or no aid is given to the woman in 
childbirth, there will be littlepuerperal fever, notwithstanding that 
her immediate surroundings may be insanitary. 

Usually in non-civilized races there is less difficulty with child 
labour, and hence less damage to the organs of generation, and con- 
sequently a less number of portals of septic infection. 

The reasons for this easier childbirth are not well known, but may 
possibly depend upon two factors — i.e,, the mother and the child. 
With regard to the mother, the fact that pregnancy takes place at 
an earlier age in the uncivilized than in the civilized, and the fact 
that the woman of non-civilization, from spare and hard living, 
is oftenthinner than the woman of civilization, may help, even if her 
pelvic measurements are relatively smaller; while it is often alleged 
that the head of the uncivilized child is smaller than that of a civilized 
race, and it has even been asserted by Brooke that on an average 
the child weighs i pound lighter in uncivilized races. If these 
statements are correct, they will help to explain the easy child 
labours and the less amount of puerperal fever in those races. 

When we consider old native civilizations and the Caucasian races, 
we find that child labour is difficult, and that assistance has had 
often to be rendered to the parturient woman from time 
immemorable, and that puerperal fever in isolated cases and in 
epidemics has been known for ages. 

Turning to one of the old civilizations of the tropic — viz., that 
seen in Ceylon — these facts are well borne out by the researches of 
one of us in 1907 into the vital statistics of the various peoples 
inhabiting that island. 

These inquiries showed that the deaths of women in childbirth 
were higher than those in Europe, and that the principal cause was 
puerperal fever. 
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When the racial incidence was investigated it was found that the 
sociological and hygienic factors influencing this incidence were 
marked, as the percentage of the total annual racial deaths attribute 
able to childbirth and principally caused by puerperal fever was 
only 0*1 per cent, for Europeans, while it was i*2 per cent, for 
Sinhalese, who form the bulk of the population, o*8 per cent, for 
Tamils, the next largest native community, i*i per cent, for a 
mixed native and European race known as burghers, under which 
heading also come those inhabitants of pure Dutch descent from the 
settlers of two hundred years ago. Many of these burghers are 
very poor, and nearly all inhabit towns and mostly live under more 
insanitary conditions than the average European. The Moham- 
medan communities of Arabs and Malays have a mortality of i-2 per 
cent, and i*i per cent, respectively. 

The disease is known to have been not uncommon in Bengal since 
Twining wrote in 1833, while its death-rate in Calcutta for 1906-07 
was 1*2 per cent, of the total deaths. 

With regard to Egypt, the first medical accounts of the fever are 
contained in Pruner’s writings published in 1847, where it is stated 
that it was not so common as in Europe, but an epidemic, extending 
from Alexandria to Luxor, is mentioned as taking place in 1844. 

The peoples of the Anglo-Egyptian Sudan are peculiarly interest- 
ing from the point of view of our present study, because they contain 
very primitive tribes, semi-civilized natives, and civilized peoples. 

As examples of the primitive tribes we may consider the Nyam- 
Nyam, who live in the southern part of theBahr-El-Ghazal Province, 
and the Jur or Gour tribe, which occupies a limited area of that 
province between the River Gell and the Rumbek-MVolo road. 
In these tribes, according to Anderson, childbirth is usually a simple 
physiological process taking place for the first time when the woman 
is in her teens, and managed by a midwife, who is simply any other 
woman who has given birth to a child, and who sees that everything 
connected with the parturient woman is strictly clean, and placing her 
on a bed of freshlv cut leaves, allows Nature to do the rest, with the 
sole exception of such rare cases as require assistance, when, accord- 
ing to the same authority, she calls in the aid of some small boys. 
Under these primitive conditions puerperal fever must be rare. The 
same easy childbirth can be observed among the Bedouins of S3n’ia. 

Among the semi-civilized Arabs and Sudanese of Kordofan and 
other parts of the Sudan every young girl is circumcised as described 
above. This procedure, as already stated, is followed by the forma- 
tion of scar tissue, which lenders it almost always necessary to en- 
large the vulvar orifice by means of a razor, not merely at the time of 
marriage, but again at the birth of a child, when otherwise it would 
be diflicult for the head to emerge. The enlarged orifice is again 
partially closed some little time after the birth of the child, and 
therefore the incision has to be repeated at every succeeding birth. 

If this second cutting is performed carelessly and the resulting 
wound becomes septic, then fever ensues, and in a case of thi;. nature 
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we have found streptococci and other organisnis. These people 
are well acquainted with puerperal fever, which they call ‘ eJ 
jarat/ or sometimes ' humma nafas/ or when slight they term it 
milk fever, or 'humma laban,' and which they consider to be 
transmitted from one case to another. 

The civilized peoples of Khartoum and Omdurman, more especially 
the Greeks, Syrians, and better-class natives, suffer iromfebris piier- 
peralis and fehris in piierperio, but no statistics are available to 
show the incidence of the disease. 

As regards Zanzibar, the deaths from puerperal fever are given 
as eight out of a total mortality of 1,022, of which 572 ‘^-re female 
deaths at all ages. 

In none of the above statistics is it possible to compare the 
puerperal deaths with the number of births, as these were not 
accurately known. 

In the West Indies and in Central and South America the fever 
is notuncommon, andBrooke, writing in 1908, with his experience of 
the West Indies and Singapore, says: — 

‘ The mortality and morbidity from puerperal sepsis and the infantile (Icath- 
rate among native communities are enormous.' 

He blames the village midwife or handywoman, who, lie says, 
is a prejudicial, ignorant, and dirty person, and summarizes his 
remarks by stating: — 

' We see that, for the native woman under her native skies, want and poverty 
may play havoc with the child that is to be, but there is often a physical 
environment of ignorance and sepsis during labour which demands the attention 
of public opinion.' 

Our experience in various tropical and subtropical regions 
supports these statements made by Brooke. 

.ffitiology. — Early in the seventeenth century tlierc' appeared the 
idea of a double origin for the fever — viz., the autogenetic and the 
heterogenetic — and also that the disease was microbic in origin 
(Kircher, 1671). 

In 1788 Denman observed that the disease was carried from cases 
of puerperal fever to healthy lying-in women by doctors and mid- 
wives, which view was strongly supported by the work of Alexander 
Gordon in Aberdeen in 1795, and by Oliver Wendell Holmes in 
America in 1843, the last-named observer asserting that not 
merely could it be conveyed in this manner, but that it could come 
in a similar way from a case of erysipelas or from a post-mortem, 
and that it was necessary for the physician to disinfect his hands 
and to change his clothes after leaving a case of puerperal fever. 
This work was ably supported and put upon a sound basis by Sem- 
melweiss, whose brilliant researches are too we llknown to require 
recapitulation. 

With these investigations the heterogenetic origin of the disease 
was firmly established, and it now remained for the bacteriologists 
to show the nature of the infective material which, when carried 
from the sick to the healthy, produced the disease. 
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In 1871 von Recklinghausen found micrococci in the bodies of 
persons dying from puerperal fever. The next important step was 
the discovery by Pasteur in 1878-79 of his ' microbe en chapelet ' 
in the blood of puerperal fever patients. 

As this organism belonged to the genus named streptococcus by 
Billroth, in 1874, Arloing gave it the name Streptococcus puerperalis, 
in 1884, apparently believing that it was distinct from the organism 
named S. erysipdatos Fehleisen, 1883, which is more popularly 
known as S. pyogenes Rosenbach, 1884. Later Furneaux- Jordan 
and Mackay have revived S. puerperalis, but Arloing's name has 
priority and stands for a synonym of S. erysipelatos, 

A new phase of the bacteriological history was opened in 1893 by 
Veillon finding an obligatory anaerobic micrococcus in such diseases 
as Ludwig's angina, suppuration of Bartholin's glands, phlegmonous 
perinephritis, etc. This organism, which he called Micrococcus 
foctidus Veillon, 1893, though usually a diplococcus, can exist in 
short chains, and therefore may well be a streptococcus. Halle, in 
1898, found it in the secretions of the normal vagina as well as in 
pus from Bartholin’s glands and in the jxudate of retained placentae. 
It was next observed by Jeannin in 1907 to be present in numerous 
cases of putrid puerperal infection, and is thought by Veillon's 
pupils to be the same organism as the anaerobic streptococcus found 
in vaginal secretion in 1897 by Menge and Kroenig, whose work had 
been questioned by Kob lank but supported by Natvig, Schottmiiller, 
and Hamm. 

In 1907 Gioelli reported the presence of a coccus, thought to be a 
staphylococcus, which he found in a peri-uterine abscess and named 
Coccus anaerohius Gioelli, 1907, while in 1908 he dealt with the 
question of the bacteriology of puerperal infections. As this coccus 
produces foetid gas it may well be the same as Veillon's organism. 

In 1910 Schottmiiller increased our knowledge as to the strepto- 
cocci in puerperal fever by finding a new obligatory anaerobe, which 
he called Streptococcus putridus, and which he found not merely in 
puerperal fever, but also in otitis media, meningitis, cysto-pyefitis, 
abscess of the lung, gangrene of the lung, and empyema, and he 
followed this up in 1911 by two papers upon the aetiology of febris 
puerperalis and febris in puerperio. 

In fifty cases of febris puerperalis he found the following organisms 
to be present thirty-three times — i.e,, in 66 per cent., and in all 
severe and fatal cases: — 

S. erysipclatos Felilcisen, in fifteen cases in the uterine discharges and 

in two of these also in the peripheral blood. S. putridus Schottmiiller, 1910, 
in fifteen cases in the uterus, including five blood infections. S. erysipelatos 
with S. putridus three times in the uterine discharge, with both together in 
the blood once and separately in the other two cases. 

He also met with Streptococcus mitior seu viridanSy an aerobic 
organism first described by himself in 1903, in the uterus and blood 
of one case. 

He considers that there are two distinct methods of infection; the 
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first is the autogenous, caused by organisms, like S. puiridus, which 
lives in the normal vaginae of pregnant and puerperal women, and 
are capable of being carried from the vagina to the uterus by means 
of instruments or by the hand. This form he considers to be non- 
contagious. 

The second method of infection is the heterogeneous, caused by 
5. erysipelatos, and brought from an external source of infection 
to the puerperal woman as just described. 

Von Lingelsheim, in igi2, considered that the importance of 
5. putridus must, for the time being, remain undecided, as it lacked 
confirmation, but it is obvious that the gas production alone differen- 
tiates this streptococcus from 5 . erysipelatos Fehleisen, and it 
appears to us that there is a general agreement between Schott- 
miiller's organism and that described by Veillon. They both 
produce foetid gas, they both are obligatory anaerobes, and they are 
both found in the vagina and also in association w ith puerperal fever, 
and they have both been found in severe infections in other parts of 
the body. They are probably the same organism as the anaerobic 
vaginal streptococcus described by Menge and Kroenig, and also 
that found by Gioelli in 1907. 

All these organisms, in our opinion, should be classified under 
the name of S.fceiidus Veillon, 1893. 

In 1901 Lewkowicz found an obligatory anaerobic streptococcus, 
which he named 5 . anaerobi-us micros , in the mouths of sucklings. 
In 1907 Jeannin reported that it was present fairly frequently in 
puerperal infections. It is described as being lanceolate and usually 
disposed in diplococcal forms, and only occurring in short chains. 

In 1812 Furneaux-Jordan published an important lecture upon 
'Puerperal Infection.' He and Mackay examined the uterine 
discharges of twenty-one cases of puerperal fever, and found strepto- 
cocci in seventeen cases — i.e., 80 per cent. This streptococcus was 
identical in all cases, and was said to be quite distinct from other 
streptococci, and so the name Streptococcus puerperalis Furneaux- 
Jordan and Mackay, 1912, was given to it; but we have noted that 
Arloing had already applied this name in 1884 to a streptococcus 
which he obtained from cases of puerperal fever, and which he 
believed to be distinct from 5 . erysipelatos and S. pyogenes, the only 
named forms at that time, but at present all three are considered 
to be one and the same organism. 

In 1916 Chalmers and Atiyah found that S. salivarius , S. hovis 
(synonym, S. hovinus), and S. versatilis, were causal germs in the 
Anglo-Egyptian Sudan, and traced the origin of these germs to 
human saliva ( 5 . salivarius) , zibla — i.e., horse-dung used for walls 
and floors— bovine faeces, and equine faeces, etc. (S. hovis and S. 
versatilis). 

!,, The known puerperal streptococci are therefore: — 

• I. 5 . erysipelatos Fehleisen, 1883. 

2. S.foetidus Veillon, 1893. 

3. 5 . anaerohius Lewkowicz, 1901. 



/ETIOLOGY— METHODS OF INFECTION 


1951 


4. S. mitior Schottmiiller, 1903. , 

'’'((5. S. puerperalis Furneaux-Jordan and Mackay, 1912. 

' 16 . S. salimrius Andrewes and Horder, 1906. 

7. S. bovinus Broadhurst, 1915 {synonym, 5 . bovis Chalmers and 
Atiyah, 1916). 

8. 5 . versaiilis Broadhurst, 1915. 

Other Organisms. — Streptococci are, however, by no means tt.e only organ- 
isms found in puerperal fever, as the following have also been recorded: 
Aurococcus aureus (Rosenbach, 1884), Albococcus tetragenus (Gafiky, 1884); 
Diplococcus pneumonia (Weichselbaum, 1887); Dipiococcus gonorrhoece (Bumm, 
iS 8 s); Bacillus coli (Escherich, i886); but Bacillus typhosus (Zopf, 1885) 
(Eberth’s bacillus) only rests under suspicion, while B. pseudodiphtheriticus 
has also been reported . 

Amon^ the anaerobic organisms other than streptococci clie following have 
been met with in puerperal iniections: Bacillus emphysematosa (Frankel, 1893) ; 
Bacillus tetani (Flugge, 1886); and a vibrio described by Curtis in 1913, and 
probably by Kroenig in 1 895, which ^though deserving of a definite appellation, 
is still unnamed. 

Abortion. — A very interesting point is the question whether the same organ- 
isms are found post abortum as post partum. This was investigated by Schott- 
miiller in 1911, more particularly in criminal abortions, with the result that 
he found the following organisms arranged in order of frequency to be present: 
S. putridus, a Staphylococcus » B. coli, and B. emphysematosa, while 5 . erysipe- 
latos was relatively rarely met with. 

Febris in Puerperio. — Another point of interest is the organisms causing 
febris in puerperio — i.e., the slight fever known by Willis’ name of lacteal or 
milk fever, which is frequently met with post partum. This has also been 
investigated by Schottmiiller and Heymann, who found the following germs to 
be present: S. putridus, a Staphylococcus, B. coli, B. erysipelatos, B. vagina, and 
B. emphysematosa, arranged in order of frequency. 

Thus it would appear that the same organisms occur in the mild and in the 
severe infections, a fact which places on a sound basis Willis' observation that 
the mild lacteal may become the severe putrid fever. 

Methods of Infection. — Adverting to the methods of infection of 
the parturient woman, we note that Geddes in his ' Statistics of 
Puerperal Fevers,' published in 1912, says that he believes 99 per 
cent, of the cases are due to those conducting the labour. A state- 
ment of this nature makes it imperative to possess some knowledge as 
to the presence or absence of bacteria in the normal vulva, vagina, 
and uterus. 

This has been investigated by many workers whose researches make apparent 
that the vulva at birth is germ free, but after seven to eight hours it contains 
micro-organisms which have probably been acquired from the secretion of the 
mother's vagina, the air, and the water of the first bath. As a rule the follow- 
ing organisms are described as being present in the normal vulvar secretion: 
Obligatory aerobes : Albococcus tetragenus, B. coli, and B. pseudodiphtheriticus. 
Aerobes and facultative anaerobes : Albococcus albus and B. vagina. Obligatory 
anaerobe : a Streptococcus, probably S.foetidus. 

With regard to the vagina this appears to be free from micro-organisms at 
birth, at which time its secretion is acid, which is said to be due to carbonic acid, 
and is also bactericidal, an action which cannot be due to leucocytes, which are 
normally absent. 

I . Some twelve hours after birth the first bacteria can be found therein. The 
secretion remains acid during life, but is now due to lactic acid, which is said 
to be present in a strength of 0*4 per cent., and appears to be associated with 
an oxgdAiism., Bacillus vagina Ddderlein, 1893. 
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The normal adult secretion has a bactericidal action when tested against 
staphylococci, streptococci * and bacteria, but saprophytic organisms can grow 
therein and may be obligatory or facultative anaerobes, but are generally charac- 
terized by havmg acidophile tendencies. Anaerobic organisms are common, 
but obligatory aerobes are not frequently met with. Pathogenic organisms are 
relatively seldom found in the normal secretion, being generally Staphylococci, 
B. coil, and B, pseudodiphtheriticus. 

With regard to the normal vaginal secretion during the puerperium, its 
bactericidal powers are markedly increased by the lochia, and they do not return 
to normal until several days after the birth of the child. Notwithstanding 
this fact, obligatory and facultative anaerobic streptococci, staphylococci, 
and bacteria are to be found, as has already been indicated, and this fact appears 
to us to be of the greatest importance when considering the method of infection 
of puerperal fever. 

The secretion of the normal uterus is, by a consensus of opinion, considered 
to be sterile. 

It would thus appear as though Geddes was correct in throwing 
the responsibility of puerperal infection upon the attendants, as 
both autogenetic and heterogenetic infections arc probably due to 
them in some way, but the former is much more difficult to prevent 
than the latter. 

With regard to the latter, the researches of ChaliiuTS and Atiyah 
have thrown suspicion upon cow and horse dung as sources of 
infection, and this has been confirmed by the work of Chalmers 
and Marshall, who found the same organisms in bovine and equine 
faeces. 

There are three native uses of cow and horse dung, and they are : — 

1 . Cow-dung Poultice . — This is commonly used by natives throughout the 
Sudan, and is placed on any painful region of the body, and is, at times, applied 
to the lower part of the abdomen and even to the external genitaha of the preg- 
nant woman, and in this way may bring about an infection of the vagina with 
bovine types of streptococci, 

2. CoW‘dung Wash . — In many parts of the tropics it is not uncommon for 
the natives to use a cow-dung wash for the floors and walls of dwelling-rooms 
for the purpose of keeping away biting insects and also white ants, and although 
the practice does occur in the Anglo- Egyptian Sudan it is not so common as 
in other parts of Africa and in parts of Asia. 

Cow-dung, however, is used in Khartoum and Omdurman as a wash for the 
tops of ovens, and especially of those used for ba kin g bread, and also for the 
walls of outhouses, especially those used for storing grains. 

3. Zibla . — It is also used at times in lieu of horse-dung as a constituent of 
a mixture called zibla which is applied to roofs and walls. 

As this weish dries it must form dust, which must pollute the air 
and be driven hither and thither by the strong winds, which are 
often present in certain areas of the Sudan, and as the researches 
of Andrewes and H order have demonstrated that streptococci are 
resistant to desiccation, it is possible that the dust derived from dried 
cows' dung may contaminate the sterile instruments and hands 
of the attendants on the parturient woman, and so bring about 
puerperal infections, which would belong to the heterogenetic type. 

Once the disease has been started it is always possible for new 
cases to be infected from previous cases by the agency of attendaifis, 
and in this way an epidemic may arise at any time, or, failing tms, 
the infections may be kept up indefinitely by the same means. * 
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Pathology. — The post-mortem anatomy shows some of the features 
well known in Europe. 

Symptomatology. — There seems to be no doubt that the same 
organisms can cause the mild ‘ febris in puerperio/ and the severe 
' febris puerperalis. ' 

Why there should be such a difference is not clear, and must 
depend in some way or another upon the general bodily condition 
of the patient, and perhaps upon the strength of the streptococcal 
strain, which, as is well known from laboratory experiments, varies 
considerably. 

Be this as it may, there can be no doubt that one and the same 
organism infecting the uterus can cause the mild * febris in puerperio ' 
or ' milk fever ' and the more severe and even fatal ' febris puer- 
peralis,* the symptoms of which vary according as to whether there 
is a local, more or less extensive infection, or a septicsemia. 

Prognosis. — A prognosis may be arrived at by observing improve- 
ment or the reverse in the clinical symptoms, but more accurate 
decisions may be deduced by a study of the opsonic indices taken 
daily, provided that the causal organism is known and is available 
in pure culture, the index, as already stated, remaining low or 
sinking in serious or fatal cases, but rising as improvement sets in. 

Diagnosis. — It is of the utmost importance that any fever attack- 
ing a puerperal woman in the tropics should be assumed to be 
puerperal fever until it is proved to be something else. 

The presence of one of the varieties of puerperal fever can be 
confirmed: — 

1. By microscopical examination of stained smears of the intra-uterine 
exudate taken aseptically by a sterile swab passed through a sterile speculum 
inserted into a previously douched vagina. 

2. By cultural examinations in ascitic broth of the same exudate taken in 
the same way, and incubated aerobically and anaerobically at 37® C. and 
examined at the end of twenly-four and forty-eight hours. 

3. By a low opsonic index in the case of the streptococcal infections as 
tested against the causal organism. This of course is especially applicable 
in small or large local epidemics, when the causal organism will be available in 
pure culture in the local bacteriological institute. 

With regard to the differential diagnosis, the most important 
fever which requires att ent ion is malaria occurring in t he puerperium, 
and this should be capable of easy differentiation by: — 

1. An examination of peripheral blood smears for the parasites, 
or, if they cannot be found, by — 

2. A differential leucocytic count, with the discovery of a distinct 
mononucleosis which cannot be explained by other protozoal infec- 
tions, such as amoebic dysentery, kala-azar, etc. 

3. Enlargement of the spleen, not due to one of the foims of 
tropical splenomegaly. 

If these three tests fail to decide the presence or absence of 
malaria, then a few doses of quinine should be administered, and 
c4n do no possible harm, and may even benefit the patient if a puer- 
peral infection due to streptococci or bacteria is present. In our 
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experience this quinine is best administered by intramuscular 
injections, with or without oral administration, and should, in 
nervous patients, be associated with a dose of sodium bromide. If 
the temperature rapidly declines and the symptoms improve with 
the quinine therapy, then the diagnosis of malarial fever may be 
made, but if, as has more often happened in our experience, the 
fever continues, then the disease is not solely caused by malarial 
parasites. If there is reason to suspect that the puerperal fever is 
septicaemic in type, or if early enteric fever in its broadest sense is 
feared, then the diagnosis can be effected by removing aseptically 
I c.c. of peripheral blood from a vein and immediately adding this 
to nutrient broth medium contained in a flask, half of which is then 
incubated aerobically at 37° C., while the other half is incubated 
anaerobically at the same temperature, and both are examined at 
the end of twenty-four and forty-eight hours. 

By these methods, and by these alone, as far as our experience 
goes, can a case of puerperal fever be accurately diagnosed. 

Treatment. — ^The aim of the rational treatment of puerperal fever 
must be to: — 

1. Kill the causal organisms. 

2. Neutralize their toxic effects. 

3. Promote the normal action of the patient's organs. 

In order to kill the causal organisms they must be attacked in the 
positions in which they are living, and as this is usually the wall of 
the uterus, it is necessary to give the patient an ansesthetic as soon 
as possible and to thoroughly investigate the walls of the uterine 
cavity in order to discover any portions of placenta, membranes, 
or blood-clot, and at the same time to observe whether there is any 
abscess formation in the vicinity of the uterus and also whether there 
is any inflammation of the tubes, both of which conditions being 
treated if present. 

Usually all that is necessary is the removal of offending sub- 
stances from the uterus by means of a mild and modified foim of 
curettage, followed by a thorough antiseptic irrigation of its cavity, 
which is then drained. 

After this the vagina and uterus should b(’ irrigated twice or three 
times a day with an antiseptic solution in bad cases, and less fre- 
quently in mild cases. 

With reference to the second heading — viz., the toxic effects of 
the organisms — if these are at all marked they should be Vombated 
at once by means of injections of antistreptoccccal serum if these 
are the causal organisms, and by saline, subcutaneous, or intravenous 
injections, which should be given early and not reserved until too 
late for beneficial results to follow. 

The third point is a matter of common knowledge, and need not 
delay us here. 
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SUTIKA. 

Synonym. — The puerperal diarrhoea of Bengal. 

Under the above term Dr. Pearsc, the Medical Officer of Calcutta, 
gives an account of a chronic diarrhoea associated with fever which 
causes a death-rate of 1*3 per cent, in the total number of registered 
births in Hindu and Mohammedan puerperal women of all ages in 
that city. 

The disease begins with diarrhoea some two or three weeks after 
delivery, there being five to fifteen watery, frothy, fermenting 
motions per diem without blood or mucus. Along with the diarrhoea 
there may be loss of appetite and dyspeptic symptoms, rarely 
vomiting, but no griping pains or abdominal tenderness. The 
temperature is raised, and an irregular fever lasts throughout the 
illness. There is no vaginal discharge; oedema of the feet is noted 
as a late symptom. The course of the disease varies. Sometimes 
it is rapid, and kills the patient in a few months; more usually it 
lasts five to eight months, and less usi^ally it continues for more 
than twelve months. Towards the end the patient becomes weak 
and emaciated, and dies of exhaustion. The case-mortality is not 
known. 

The nature of this disease is obviously obscure, and requires 
investigation. 
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ADDENDUM. 

REMARKS ON ANTENATAL AND POSTNATAL PATHOLOGY. 

General remarks — Antenatal pathology — Postnatal pathology — References. 

General Remarks. 

We think that perhaps a few remarks concerning antenatal and 
postnatal pathology may be of interest. 

Antenatal Pathology. 

Much useful work has been done of late in Calcutta and other 
tropical towns by means of lady health visitors, by the training 
and provision of midwives, as well as by the training of school- 
teachers and school-girls in matters connected with hygiene. The 



Fig. 784. — POLYDACTYLISM. 

effect of skilled attention at the time of birth has been indicated by 
the entire absence of tetanus neonatorum amongst babies delivered 



Fig. 785. — Cyclops. 

(From a photograph by Sambon.) 

by the municipal midwiyes in Calcutta, and by the extraordinarily 
low death-rate under similar conditions during the first week of 
life, as related by Miss Lewis. 
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There can be no doubt that this is the right step to combat such 
diseases as puerperal fever and infantile mortality, but in order 
to insure the birth of a healthy child the mother should be medically 
advised in the early days of pregnancy, and suitable medicines 
given, if necessary, as so many monstrosities and abnormalities 
appear in the tropics that some care is required to diminish their 
numbers. 



Fig. 786. — IscHioPAGus Tripus. 


Since the days of Licetus many attempts have been made to 
classify monstrosities by sucli authorities as Buffon, Blumenbach, 
Meckel, Bischoff, Foerster, Fischer, Ahlfield, and others, while 
Ballantyne has written a most interesting book on the subject. 

We have always used the classification introduced by Hirst and 
Piersol in 1892, and have found it useful. It is as follows: — 

Hemlterata. — Anomalies of volume, form, colour, structure, disposition, 
number, and existence. 

Heterotaxis. — Splanchnic inversion and general inversion. 

Hermaphrodites. — True, including bilateral, unilateral, and lateral, and false 
— i,e„ with double sexual external genitalia, but unisexual glands. 
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Monsters. — These are divided into: — 

A. Single monsters : — 

I. Autositic:— Ectromelus, Symelus, Exencephalus, 
Pseudencephalus, Anencephalus, Cydocephalus, and 
Otocephalus. 

II. Omphalositic: — Paraccphalus, Acephalus. Asomata. 
and Anideus. 



B. Composite monsters : — 

1. Double autositic : — 

[a) Terata katadidyma :~DiprosoY>us, Dicephalus, 
Tschiopagus, Pyopagus. 

[b) Terata anadidyma : — Dipygus, Syncephalus, 
Craniopagus. 

[c) Terata anakatadidyma : — ^Prosopothoracopagus, 
Omphalopagus, Rachipagus. 
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II. Double parasitic : — ^Heterotypus, Heteralius, Poly- 
gnathus, Polymelus, and Endocyma. 

III. Triple monsters, 

Fcetal monstrosities and abnormalities appear to be much commoner 
in the tropics than in the other parts of the world, or else we have 
•been singularly fortunate in meeting with them. This is hardly 
the place to give a detailed account of these abnormalities, but we 
should advise the tropical practitioner to have some elementary 
ideas, at all events, on the subject, and therefore we indicate in the 
above classification the varieties known and in the references the 
works dealing with this subject. We have met with the following : — 
Foetus papyi*aceus, cyclops, agnathia: several double monsters of 
both general types, including a specimen of symmetrical janus; 
acephalic monsters; and rachischisis, meningocele, non-development 
of the eye, coloboma iridis, hare-lip, cleft palate, branchial fistula, 
non-development of the thigh. Macrodactylism has been reported 
from the Philippines, and pes gigas from China. 

Further, McCarrison and others have shown that endemic cretin- 
ism is brought about by goitre in the mother, combined with psychic 
impressions or illnesses during the pregnancy, as well as with nutri- 
tional difficulties and difficult labour; and it should be the duty of the 
Government of districts in which goitre is endemic to take steps to 
combat these factors. 


Postnatal Pathology. 

The infantile mortality of the tropics is much higher than 
that in the Temperate Zone, and must be combated by * Baby 
Welfare Work,' as in Europc,^with a ' Baby Clinic ' in all the hospitals. 
In Calcutta daily visits arc paid by the midwives during the puer- 
peral period, and then the work is carried on by the lady health 
visitor by weekly visits until the child is three months old. Among 
other matters, the feeding of the mother is attended to by organized 
private charity. A pure milk supply is an essential in every com- 
munity, and should be under Government control and at a cheap 
rate. 

Meningitis is rare among the newborn, and seems, according to 
Barron, to be mostly associated with spina bifida and to be caused 
by Bacillus coli, staphylococci, streptococci, and more rarely by the 
pneumococcus, the meningococcus, B, lactis aerogenes, or B. pyo- 
cyaneus ; but of all,B. coli i*- the most important according to him. 

Breast-feeding is most important, and it may be that it helps 
to raise the resistance of the infant against disease. 

Weaning is a difficult and dangerous period in the tropics, and 
it is considered that if possible a child should not be weaned in the 
very hot weather. 

In calculating out the dilutions necessary for cow's milk it will 
be remembered that the milk of the Bos indicus, the humpbacked 
cow, is very rich in fat, attaining generally about 5 per cent, thereof. 
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The great danger of this period is diarrhoea or dysentery from 
infections with amoebae or bacilli. 

All the diseases which" attack adults in the tropics may affect the 
child after birth, and the special features which they show have 
already been recorded, as well as the treatment, in the chapters 
on the various diseases, and need not be repeated; but the danger 
of the child being infected with tuberculosis is very great, especidly 
in the slums of large towns. 

Dosage of Drugs. — As we have often been asked for the dosage 
of drugs in young children, we give the following rules: — Several 
drugs, but especially opium, require to be given with caution, as 
children are especially susceptible to them; but excluding these, the 
best method so far published for the determination of dosage by 
age is Cowling’s rule with Brunt on’s modificat ion. 

In brief, it is to take the full adult dose and divide it by a factor 
obtained by placing the child’s age at its next birthday over twenty- 
four if the ordinary British weights and measures are used, and 
over twenty-five if the metric system be employed. For example, 
suppose that the full adult dose is 6 grains and the child’s age next 
birthday is four years, then the factor is [ix., and the dose 
is I grain. 
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General remarks — Climatic bubo — Volvulosis — References. 

GENERAL REMARKS. 

The lymphatic system is affected in many gene^’a! diseases — as, for 
example, in plague and trypanosomiasis — and in cosmopolitan affec- 
tions like septic disease, syphilis, tuberculosis, etc. In addition, 
there is the enlargement oi the glands in the inguinal region called 
‘ climatic bubo,' and the various pathological phenomena caused 
by Filaria hanevofti. These morbid changes are varices of lymph- 
channels, inflammations, and elephantiasis, and have already been 
discussed in the chapter on Filariasis. The pathological changes 
caused by Onchocerca volvulus must be mentioned here. 

With regard to the serous membranes, pleurisy and empyema are 
common, while peritonitis from the perforation of a typhoid ulcer 
or the perforation of the bowel by an Ascaris, as has been recorded 
by Ziemann in the Cameroons, or from the extension of some septic 
area — e.g., a gonorrheal salpingitis- — are all met with. Chylous 
ascites is rare. 


CLIMATIC BUBO. 

Synonym. — Glandula idiopathica (Brooke). 

Ddfinition. — Climatic bubo is the enlargement of the inguinal 
glands associated with pain and fever, the cause of which is unknown. 

History. — The history of this disease only dates back to 1896, 
when Ruge reported several cases suffering from inguinal buboes, 
in which the usual causes of such an adenitis were all absent, and 
he was therefore inclined to consider the disease a separate entity 
dependent probably on climatic influences. About the same time 
Coding, independently of Rug^ , published a series of observations 
apparently of the same nature, while more recently cases have been 
reported by many observers. 

The disease has been recently investigated by many observers — 
e,g., Riifler, Luzzatti, Vanzetti, Rost, Nattan-Larrier, Letulle, Ley, 
and others. 

Climatology. — The chief geographical distribution of climatic 
bubo is the East Coast of Africa, the West Indies, the Straits 
Settlements, and China, but it may be met with in any tropical 
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and subtropical region. Le Dantec quotes cases occurring in 
Mauritius, Tonkin, and Madagascar. Low and Castellani have 
described a case in Uganda, while Luzzatti has met with several 
cases in Chili. We have observed cases in Ceylon, and Skinner 
has described numerous cases in Bengal. Climatic bubo may also 
occur in the Temperate Zone, for Scheube has come across several 
cases in Japan, Gabbi in Sicily, and Rost in other Mediterranean 
districts. 

etiology. — Though various micro-organisms have been described, 
the aetiology of the disease is still obscure. 

Ferraro, from one of his cases, isolated an organism practically identical 
vfith. Bacillus pestis. Hewlett isolated from the affected gland a bacillus not 
decolourized by Gram, the characters of which were somewhat similar to those 
given by Kitasato in his first description of B. pestis ; for Kitasato stated at 
first that the B. pestis was not decolourized by Gram. Low and Castellani 
were not able to grow any organism from their case. Some authors have 
isolated the ordinary pyogenic cocci. 

Martin, Suger, Le Sueur, and Fleurant consider climatic bubo to be a 
manifestation of malaria. Schimm believes the bubo to be secondary to some 
intestinal infection. G. Rost believes the affection to be of sexual origin, 
and due to a micro-organism living in the vaginal mucosa of native women. 

According to Cantlie, climatic bubo is a form of attenuated plague — Pestis 
minor — basing this opinion on the fact that in Hong Kong he observed several 
cases of so-called climatic bubo to precede the outbreak of an epidemic of 
true plague. He has been confirmed in his opinion by Hewlett’s discover 
mentioned above. Cantlic's theory is .suj)ported b}^ Luzzatti, who considers 
the climatic bubo to be a form of Farapestis. Ernest Black suggests that the 
disease may be due to an insect bite. 

Letulleand Nattan-Larrier have seen in the cells of the capillaries minute 
bodies which they believe to be parasitic. 

In our opinion, climatic bul>o is a disease per se, and is not 
related to plague. 

Predisposing Causes. — The condition is apparently most commonly 
met with in sailors and stokers. It occurs cliiefiy in young adults, 
and is said never to be found in children. 

Pathology.— The results of our histological researches agree 
better with those obtained by Vanzetti in Italy on the material 
collected in South America by Luzzatti than with those of other 
authors. 

The capsule of the affected gland is much thickened, and the 
interstitial tissue is very abundant. There is great proliferation of 
lymphocytes, and luemorrhagic foci are noticeable here and there. 
Very characteristic is the presence of numerous typical plasma cells, 
while the so-called retractile Recklinghausen cells found in plague 
are absent. The histological structure of climatic bubo is, therefore, 
totally different from that of the plague bubo, in which, as was 
shown by the classical histological investigation of Duerck, plasma 
cells are absent or extremely rare, while the so-called retractile 
Recklinghausen cells are numerous. 

Symptomatology. — The length of the incubation is not known, 
but according to some observers it may be prolonged. Ley and Rost 
believe that it can extend to many weeks. The onset is generally 



PA THOLOGY— DIAGNOSIS 


1963 


gradual ; after perhaps two or three days of vague malaise and slight 
fever, the patient complains of pain in one or both of the inguinal 
regions, which increases on walking. On examining the parts, 
one or more inguinal glands, or occasionally the crural glands on 
both sides, or more frequently one side only, will be found to be 
enlarged, very painful on pressure, and hard. The swelling may be 
as large as a goose's egg. There will be no signs of lymphangitis 
present. The glands may become greatly enlarged, reaching the 
size of a hen's egg or larger, but in most cases do not suppurate. 
Aspiration by means of a syringe will draw only a little gland- 
juice, occasionally blood-stained, but no pus. The liquid will be 
found to be sterile. 

Fever is often present of an irregularly remittent or inter- 
mittent type. It rarely exceeds 102"^ F. ; and is nighcr at night 
than in the morning. The duration of the disease is variable, from 
a few days to several weeks, and rarely months. In time the pain 
in the affected region gradually disappears, the size of the enlarged 
glands decreasing. As a rule, the affected glands remain larger 
than normal, but not painful, long aftei the illness is over. Occa- 
sionally a relapse occurs. The general health is not much affected, 
though the patient may be very weak and unfit for work. The 
spleen is not enlarged. The examination of the blood may reveal 
a slight leiicocytosis: Wassermann's reaction is negative; tlie urine is 
normal. Occasionally a trace of albumen may be present. Intes- 
tinal symptoms are generally absent. 

Clinical Varieties. — In our experience an acute, a subacute, and 
a chronic type of climatic bubo may be distinguished. The acute 
type is always accompanied by fever and severe pains in the 
a&cted glands. All the symptoms disappear within five to ten 
days. In the subacute and chronic type lasting from a few weeks 
to several months the onset may be insidious, without any local 
pain at first, and fever may be absent altogether. Moreover, in 
some cases the periglandular tissues become inflamed, suppuration 
may take place, and fistulous tracks may develop. 

Diagnosis. — ^The absence of soft chancre on the genital organs 
will exclude venereal bubo ; the absence of lymphangitis, infected 
wounds, insect-bites on the legs and feet will exclude the ordinar}^ 
symptomatic bubo. In contrast io plague, the patient does not look 
very ill, but the only satisfactory way to differentiate acute climatic 
bubo from a mild case of plague is the puncture of the affected glands 
and the bacteriological examination of the gland-juice. To do this 
the skin of the inguinal regions is thoroughly cleansed with spirit 
and ether, then disinfected with a perchloride (i in 1,000) or carbolic 
lotion (5 per cent.), then washed again with ether or spirit, or more 
simply the skin may be painted with tincture of iodine. One of the 
enlarged glands is then aspirated with a sterilized syringe. The 
gland- juice which is drawn off is then examined microscopically 
and by culture method in the ordinary way for the presence of the 
plague bacillus. 
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Climatic bubo is generally easily distinguishable from attacks of 
filarial lymphadenitis y which is generally accompanied by very high 
fever and severe lymphangitis, and an erysipelatous-like condition 
of the leg. During and after various intestinal infections- — as, for 
instance, typhoid and paratyphoid — occasionally a suppurative 
inflammation of some lymphatic glands — sometimes the inguinal 
glands — occurs. In such cases the history of the case — the fact that 
the bubo comes, as a rule, to suppuration — and the bacteriological 
examination of the gland-juice, which in true climatic bubo is 
sterile, will clear the diagnosis. 

Prognosis. — The prognosis is favourable, though in some cases 
the affection may last for several months. A relapse may occa- 
sionally occur shortly after the first attack is over, sometimes 
on the side previously affected, sometimes on the other side. 

Treatment. — The treatment is merely symptomatic, consisting of 
complete rest, application of lead lotion on the affected region, or 
an ichthyol and belladonna ointment, together with the administra- 
tion of a mild aperient, and, if there is much pain, a hot fomenta- 
tion locally, together with small doses of opium by the mouth. In 
the rare cases, where signs of suppuration arc noticeable, incision 
of the glands is necessary, using the ordinary aseptic precautions. 
In protracted cases complete surgical removal is the best treatment. 
When the glands remain enlarged after the acute stage has passed 
off, local applications of tincture of iodine, iodine valsol, or an 
ointment composed of 30 grains each of lead iodide and potassium 
iodide to i ounce of vaseline may be of benefit. X-ray treatment 
has been recommended by G. Rost. 

VOLVULOSIS. 

Definition. — Volvulosis is a disease caused by Onchocerca volvulus 
Leuckart, 1893, and characterized by the formation of fibrous, 
cutaneous, or subcutaneous tumours. 

History. — As already mentioned on p. 649, these tumours were 
discovered by a German medical missionary to contain worms, 
which were described by Leuckart in 1893, and subsequently tlie 
disease and its causative worm were studied by Labadie-Lagrave 
and Deguy in 1899, Prout in 1901, B 'umpt in 1904, Ziemann and 
V^dy in 1907, and Fiilleborn in 1908, the last paper being a most 
valuable contribution to our knowledge of the subject. 

Climatology. — The disease is found in Africa, at Sierra Leone, 
on the Gold Coast, and in Dahomey, Cameroons, and the north- 
east of the Congo, where it is variously stated to affect from i per 
cent, to 10 per cent, of the population, being distributed along the 
banks of rivers. Brumpt found it along the Welle, Cooke in Uganda, 
and Parsons in Northern Nigeria. 

.etiology. — The disease is caused by Onchocerca volvulus Leuckart, 
1893, but the method by which this worm is introduced into the 
human body is quite unknown, as is also its life-cycle outside 
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hunun beings. Brumpt has, however, suggested that it will 
probably be found in a tsetse-fly, because of its riverine distribution 
and the fact that microfilariae have been found in the peripheral 
circulation by Fiilleborn, Rodenwalt, and others. 

Pathology. — The adult worms lie in lymphatics, the anterior end 
of the female being in close approximation to the posterior end 
of the male, because the apertures of the genital apparatus lie in 
these positions. By some means — possibly by the presence of the 
Microfilaria, or possibly by toxic waste-products — these worins 
irritate the lymphatics, causing lymphangitis and perilymphangitis. 
These inflammatory process! s eventually lead to the formation of a 
fibrous capsule around the worms, which then lie in a portion of a 
vessel cut off (?) from the rest of the lymphatic systtm, and which 
forms a fibrous subcutaneous nodule containing male and female 
worms and Microfilaria. 



Fig. 788. — Tumour containing Onchocerca volvulus Lhuckart. 

(After Fullcborn.) 

On opening one of these tumours it is seen to consist of a capsule 
of fibrous connective tissue, beneath which is some soft caseous 
material composed of endothelial cells, granular debris, and Micro- 
filaria , and to enclose a central space containing a greenish, semi- 
purulent fluid. The worms, which are usually cut across in several 
places when opening the tumour, lie partly in this central cavity 
and partly in narrow twisted tunnels, which ramify through the 
walls of the fibrous capsule, giving it a network-like appearance. 
Sometimes the central cavity is not obvious, and only the network 
of tunnels is seen ramifying through the connective tissue. 

Symptomatology.— The disease, as a rule, begins insidiously with 
malaise, weakness, vague pains in various regions of the body, and 
irregular fever, but it is said that at times attacks of lymphangitis 
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may be noticed. In due course a tumour is discovered in the sub- 
occipital region, the elbow, axilla, side of the chest, iliac region, 
gluteal region, or popliteal space. These tumours vary in size from 
a pea to that of an egg, and lie in the skin or subcutaneous tissue, 
in which they are freely movable. They may be elastic if they 
contain fluid, or firm if composed mainly of fibrous tissue. They 
usually remain quiescent for years, and but seldom ulcerate. 

Bernard and Ouzilleau believe that Onchocerca volvulus may also give rise 
to true elephantiasis in certain parts of Africa. 

Diagnosis. — The presence of an elastic tumour somewhat re- 
sembling a lipoma, or of a firm fibrous tumour in any part of the 
body of a person who has resided in the endemic region, should 
arouse suspicions as to the presence of Onchocerca volvulus. 

When the nodules arc in the proximity of articulations the condi- 
tion may closely resemble the ‘juxta-articnlar nodules ’ (see p. 2260). 
The microscopical examination of the contents of the nodules 
obtained by tapping with a syringe or by excision will clear the 
diagnosis. 

Prognosis. — These little tumours are not in any way dangerous 
to the life or health of the patient. 

Treatment. — Removal by incision and enucleation is quite easy, 
and devoid of danger. 

Prophylaxis. — ^As the life-cycle of the parasite is unknown, 
nothing can be said as to prophylaxis. 
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CHAPTER LXXXVIII 


DISEASES OF CONNECTIVE TISSUES, 
MUSCLES, BONES AND JOINTS 

General remarks — Somatic tasniasis- — Subcutaneous filariases — Dracontiasis — 
Dermo-conjunctival filariasis — Loiasis — Calabar swellings — Dubini’s 
filariasis — Myositis purulenta tropica — Goundou — Boomerang bones — 
Pes gigas — Endemic enlargement of the os calcis — References. 

GENERAL REMARKS. 

The diseases of the connective tissues which concern us are mostly 
parasitic, being caused by the cysticerci of tapeworms, but round 
worms arc also commonly met with, especially the guinea-worm. 

With regard to muscles, a disease which must be mentioned is 
trichiniasis , which is said to be far from rare in Northern India. 
NecrosL, caries, and tumours of bone are not uncommon, but 
rheumatoid arthritis is rare, and tubercular disease, at present, is 
very rare. Gonorrhoeal and post-dysenteric arthritis are met with, 
and filarial synovitis of the knee-joint has been described by 
Maitland. Gout is rare, but we have seen a typical case in a native 
who had never left Ceylon. 

A peculiar condition called 'trench .oot* has been met \\dth in war zones 
in the winter, and is therefore not a tropical disease. It is a painful con- 
gestion of the foot, sormtinus le aling to gangrene, and associated with ihe 
presence of ^ pirochsetes ai d other or .anisms in the bullse (see p. 2149). 


DISEASES OF CONNECTIVE TISSUES. 
SOMATIC T^NIASIS. 

By somatic t^eniasis is meant the invasion of the body by the 
cysticercus of cestode worms. The subject is, therefore, divisible 
into — [a) Cysticercosis, or infection with the larvse of Tionia solium, 
which occurs now and again in the connective tissue of muscles, 
fasciie, and in the brain; (b) Echinococcosis, which is the infection 
of the body with the hydatids of Echinococcus granulosus, and of 
which we have only met with one example in the tropics, and even 
then it was imported; but, judging by Begbie’s observations, 
it would appear as though the disease was endemic in Ceylon; 
(c) Sparganosis, which is the invasion of the body by Sparganum 
mansoni, S. baxteri, or S. prolifer, all of which have been sufficiently 
described in Chapter XXV., p. 
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THE SUBCUTANEOUS FILAMASES, 

Definition. — The subcutaneous filariases are infestations of the 
subcutaneous tissue by the adult worms of species belonging to 
the Filariidae other than Filaria hancrofti Cobbold, 1877. 

Remarks. — The form of filariasis caused by F. hancrofti is detailed 
in Chapter LXVI., and now we consider those in which the adult 
worm lives in the subcutaneous tissue. The varieties of this form 
of filariasis are dracontiasis, or guinea-worm infection, and dermo- 
conjunctival filariasis. 

DRACONTIASIS. 

Synonyms. — Dracunculosis, Turkish disease. 

Definition. — Dracontiasis is the infection of man with Dracnncnhis 
medinensis (Linnaeus, 1758), the guinea-worm (p. 651). 

History. — The disease has been knowr from very remote periods, 
and it is probable that the fiery serpents which attacked the 
Israelites in the desert were guinea-worms, and that the serpent on 
the stick was an illustration of the method of extraction advised. 

Plutarch (a.d. 50-117) gave an account of the disease as seen on 
the shores of the Red Sea, while Galen (a.d. 131-210), who never 
saw a case, called the disease' dracontiasis.' Oribasius also mentions 
it and the worm, and Aetius, quoting from Leonides, says that it 
occurs in the legs and arms of people in Ethiopia and India. Paul 
of iEgina stated that in India and in the upper part of Egypt there 
was a class of worms called ‘ dracunculi,' formed in the muscular 
parts of the body such as the arms, thighs, and legs, and under the 
skin in the sides of children, which moved, and after a time the skin 
opened and the head came out. He advises that this be fixed with 
a piece of lead, the part placed in hot water, and the worm gently 
pulled, when it will come out by degrees; but if during this process 
it breaks, there will be much pain. Pollux calls it a corrupted 
nerve, and Actuarius writes about its presence in Egypt. Avicenna 
calls it Vena medina, after Medina, where it was common. He notes 
t he bleb which it makes in the skin, and its protrusion after the 
bleb bursts. He recommends ligatures above the worm and baths 
to make it come out. Huly Abbas says that it occurs in India, 
Egypt, Ethiopia, and Libya, while Avenzoar notes that it is most 
common in negroes. Albucasis, Rhases, Bertapalia, and Guy dc 
Cauliac, all mentioned the disease, and the last named calls the 
worm Vena civilis vel medina, while Audry considers it to be an 
animal. Other writers on this subject are Jcao Rodrigues de 
Castell Branco (1511-1568), Linscholeri (1599), and Dc la Motte 
Lambert (1666). In 1674 Velsch wrote a book on the subject and 
saw guinea-worms ever3where. 

The scientific study of the disease and its parasite dates from the 
work of Fedschenko in Central Asia, in 1870, when he discovered its 
development in the cyclops, the integument of which be believed 
the young worms pierced. 
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Fedschenko's observations were confirmed by Manson, Blanchard, 
and by Wenyon working in the Sudan. The Cyclops swallow these 
embryo worms as food, and Indian observers have noted that the 
worms are at first coiled up in the stomach, but later they pierce 
the wall of this organ and escape into the body cavity, and may 
kill the Cyclops. In the body cavity they shed their cuticle about 
the seventh day and undergo developmental changes, and will 
remain alive in this cavity for some fifty-three days. 

In 1907 Leiper proved that the infection of man was per os, the 
Cyclops being swallowed in water. In the stomach the crustacean 
is killed, but the worm escapes through the digested integument of 
the Cyclops, boresits way through the wall of the vertebrate stomach, 
and in about eight to twelve montlis becomes the adult female. 



Fig. 78SA. — Guinka Worm somewhat shrivelled from Action of Pre- 
serving Fluids. (Half Natural Size.) 


measuring some 30 inches, but during this process she moves about 
and finally produces the blister, where water can be touched, and 
so gets her young into water. 

In 1913 Turkhud extended our knowledge considerably, and has 
shown that a man who drank water containing infected cyclops on 
April 5, 1913, showed the worm on March 18, 1914 — i.e., 348 days 
later. He also demonstrated that the worm would not develop in 
Macacus sinicus. 

Whether there is more than one kind of guinea-worm is not known, 
but Scheube says that Cholokowski has described an unclassified 
filar ia, several inches in length, which causes ulceration of the fingers, 
and even gangrene, in Tiver, in Russia, which may or may not be the 
same worm. 


124 
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Climatology. — Dracontiasis is a disease of the tropics, especially 
of tropical Africa, and particularly of the West Coast. It is also 
known in Asia Minor, Persia, and India. Although coolies infected 
with the worm frequently pass from India to Ceylon, we have no 
evidence that the latter island has so far become infected. It is 
also known in the P'iji Islands. It was introduced into America 
by the negro slaves, and has become endemic in British Guiana 
and Brazil. 

etiology. — The causation of the disease is Dractmcuhis medt- 
nensis Linnaeus, 1758, taken into the body by drinking water 
containing infected cyclops, which are most abundant during the 

dry season, and which mostly live 

near the bottom of wells and 
collections of water. ! 



Fig. 789. — Guinea-Worm under Fig. 790. — Guinea-Worm in Process 
THE Skin. of P>xtraction. 


(From a photograph by 
Chr i s t o phe rs o n . ) 


(From a photograph by 
Christ ophcrsori .) 


Pathology. — On entering the stomach the cyclops is killed by the 
action of the acid of the gastric juice, but the Dracnncidm is stimu- 
lated, and, dashing about energetically, effects its escape from the 
cyclops, and, piercing the walls of the stomach, t'ntcTS the con- 
nective tissue of the mesentery and becomes an adult. 

After a time the fully-developed female begins to travel in search 
of a means of depositing the larvai in water, and therefore usually 
wanders into the leg, and forming first a vesicle and then an ulcer 
in the skin, discharges the larvae. 

Symptomatology. — The worm as a rule produces no symptoms 
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until a little vesicle appears on the skin, or the outline of the worm 
is noticed under the skin, but urticarial eruptions have been ob- 
served by several authors and ourselves. The little vesicle bursts, 
leaving a round hollow, out of which exudes a clear fluid full of 
larvae, and at the bottom of which lies the vaginal orifice of the 
worm. After discharging a certain amount of fluid, the anterior 
end of the worm extrudes tlirough the skin opening, and is either 
twisted on a stick or fixed in position by a piece of string by the 
native patient. It is not advisable to pull vigorously on the pro- 
truded piece of worm, as it is liable to break, and if this happens 
a serious inflammation of the affected area may result. The wound 
usually quickly heals after the worm has finally been extracted. 
The usual site for it to appear is about the feet or legs, more rarely 
the hands or arms, and still more rarely the head or trunk. 

But all cases are not so simple, and aching or dragging sensations, 
sometimes accom})anicd by rigors and fever, may occur. Rarel}^ 
it enters a knee-joint and causes synovitis or arthritis. Usually 
there is only one worm, but there may be more. 

Blood. — Dudgeon and Child have investigated the blood in this 
disease, and find a marked eosinophilia. The average differential 
count was as follows: Polymorphonuclears, 63’6 per cent.; lympho- 
cytes, i 8‘4 per cent.; large lymphocytes, 2*8 per cent.; mono- 
nuclears, 1*6 per cent.; eosinophiles, 13 per cent. 

Diagnosis and Prognosis.— There is no difficulty in the diagnosis, 
and the prognosis is good. 

The X rays are useful in detecting encysted calcified worms, which may 
cause obscure })uruicnt conditions. 

Treatment.^ — It is a good plan to massage the area above the 
vesicle, and try with a little patience to get the worm out whole, 
or, if it is visible under the skin, to make an incision and remove 
it. Natives extract the worm by twisting the protruding portion on 
a stick, every day giving a turn or two. A better plan is to douche 
frequently with water the part occupied by the worm until she gets 
emptied of all the embryos, which generally takes place in from 
two to three weeks. When ail the embryos have been exuded, the 
worm is either absorbed or tends to emerge, and, no longer resisting 
extraction, can be easily removed. It has been advisfed (Emily) 
to inject a i per 1,000 solution of perchloridc of mercury into the 
swelling caused by the worm. But this is very painful, and does 
not appear to be very succ^'ssful. Some authors have advised the 
injection of 10 to 15 minims of a 2 per cent, solution of cocaine into 
the protruding portion of t he worm. 

Prophylaxis. — The prophylaxis is very simple — viz., the drinking 
of only boiled and filtered water. Another simple method suggested 
by Leiper is to pass steam into the wells. 

THE DERMO-CONJUNCTIVAL FILARIASES. 

These are Ldiasis. Calabar swellings, and Dubini's filariasis. 
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LOIASIS. 

Definition. — Loiasis is a subcutaneous and subconjunctival 
filariasis caused by Loa loa (Guiyot, 1778). 

Remarks. — Loa loa, which is carried by a species of Chrysops, af 
discovered by Leiper, has frequently been noticed in the ocular and 
palpebral conjunctivas crossing the bridge of the nose, in the skin 
over the ster no-mastoid muscle, or that of the scalp, the fingers, the 
penis, etc., and much more rarely in the anterior chamber of the 
eye, though accounts of its presence in the vitreous humour require 
confirmation. For description of the worm see p. 645. 

Climatology.— The geographical distribution of the worm is con- 
fined to the West Coast of Africa from Sierra Leone to Benguela, 
but is most particularly Old Calabar, the Cameroons, and the 
Ogome River. It penetrates some six hundred miles or more into 
the interior of Africa. 

Symptomatology. — ^In our experience it usually causes but little 
disturbance, but at times, when in the conjunctiva, it is associated 
with piercing and lancinating pains, uncertain vision, and swelling 
of the eyelids. It is probably the cause of the Calabar swellings 
mentioned below. 

Treatment. — It can be removed by an incision and careful traction. 
Hot fomentations, as noted by Elliott, cause the worm to come to 
the surface. 

CALABAR SWELLINGS. 

Synonyms. — Kamerungeschwulstc, Tropical swellings, Ndi-tot = 
swelling (Calabar). 

Definition. — Calabar swellings are smooth, temporary, slightly 
raised tumours on the head, arms, hands, ankles, and feet, probably 
caused by the presence of Loa loa (Guiyot, 1778), and possibly 
other species of filaria or allied genera in the subcutaneous tissue. 

History.— For many years it has been known that peculiar swellings 
occurred in the people living in Old Calabar, and in due course ac- 
counts appeared in works of travels in West Africa, but it was not till 
1895 that Argyll Robertson describedthem asadistinct disease, using 
their popular nomenclature. In subsequent years he published several 
accounts of his cases. In 1898 Plehn drew attention to the complaint, 
and in 1899 Thompstone published an account of a case, while 
Habershon and Kerr in 1904, Wurtz and Clerc and Stephens in 1905, 
and Ward in 1906, have all added to the literature of the subject. 

The paper by Ward is, however, of especial interest, as it deals 
fully with the history of the disease. 

Climatology. — The disease is only known on the West Coast of 
Africa, particularly in the regions of Southern Nigeria and the 
Cameroons. We have seen, though rarely, a similar condition in 
Ceylon, where the existence of Loa loa has not been reported. 

Etiology and Pathology. — There is a consensus of opinion that in 
some way these swellings are caused by Loa loa Cobbold, 1864, 
but this has never been definitely proved. 
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The way in which the worm induces these peculiar lumps is a 
matter of conjecture, Argyll Robertson assigning them merely to 
the movements of the parasite. But this cannot be so, otherwise 
the swellings would occur as they cross the bridge of the nose, 
which they can do without any such disturbance. 

The next theory is that the parasite irritates the skin, causing 
the patient to rub the affected area, which in this way becomes 
mechanically inflamed. This theory was originally propounded 
by Manson, who has relinquished it in favour of another and better 
explanation. 

Two other theories suggest that the parasite, by irritating the 
nerve endings, either directly or by reflex action, causes the swell- 
ing; bu^- this does not appear likely, as they ought to occur wherever 
the worm travels. Manson in 1903 suggested that they might 
be brought about by the expulsion of the microfilarise from the 
uterusof the parent worm, and this appears not unlikely, and would 
explain their evanescent character. 

Ward is not satisfied with Manson’s theory, and suggests that 
they may be due to the expulsion of waste products from the worm. 

Age, sex, and employment have no influence in the causation of 
the complaint. 

Symptomatology. — Sometimes without prodromal symptoms, or 
at times after some nausea and headache, swellings appear on the 
head, face, arms, wrists, hands, fingers, ankles, or toes, lesscommonly 
on other parts of the body. The reason of this distribution, accord- 
ing to some authors, isbeiieved to be the small amount of connective 
tissue in those regions. The swellings arc smooth, firm, slightly 
elevated areas, generally about the size of half a goose's egg (5 to 
8 centimetres), often painless, though this is not invariable. There 
is either absence of or only very slight pruritus. They are liot, 
and do not pit much on pressure. They appear quickly, last for 
two or three days, and disappear gradually or rapidly, and are 
always associated with an int(‘ns'‘ eosinophilia. In many cases 
only one swelling appears at a time. 

Stephens gives the differential count of his case as — Polymorphonuclears, 
26 per cent.; lymphocytes, 23 per cent.; mononuclears, i per cent.; eo.sino- 
philes, 50 per cent. 

Diagnosis. — There is no difficulty in recognizing these fugitive 
swellings in persons who have resided in the endemic region. The 
presence of extremely well-marked eosinophilia may help hi the 
diagnosis. 

l^ognosis. — They have never been known to cause serious symp- 
toms, but may recur for many years after the patient has left the 
tropics. 

Treatment. — This is unsatisfactory, but cool applications such as 
diluted liquor plumbi (5 per cent.) may be made to the swellings, 
and an ichthyol ointment or lotion applied. 

Prophylaxis. — As our knowledge of the life-cycle of Loa loa is very 
incomplete it is not possible to lay down rules for the prophylaxis. 
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DUBINFS FILARIASIS. 

Definition. — Dubini’s filariasis is a dermo-conjunctival filariasis 
caused by Filaria conjunctivcB Addario, 1885. 

History. — The immature female worm was originally discovered 
by Dubini in the subconjunctival tissue of a man in Milan, and is 
possibly the same as that described as Agamofilaria oculi humani 
von Nordmann, 1832, and as Agamofilaria palpebralis Pace, 1867, 
nec Wilson, 1844. In 1880 Babes found another immature female 
worm in a calcified nodule in thegastro-splcnic omentum of a woman 
in Budapest. He named it Filaria peritonei hominis. In 1885 
Addario named a female worm extracted by Vadcla from the con- 
junctiva F. conjunctivcB. Vadela's case was a woman from Catania 
in Sicily. In 1887 Grassi gave a full description of the female 
worm, calling it F. inermis, because of the absence of papillae on the 
head. In 1906 Alcssandrini found it in an abscess in subcutaneous 
tissue of the arm; and in 1918 Graham Forbes met with two cases in 
the subcutaneous tissue of the forearm and of the nose, and was 
the first to describe the adult male. 

It is the same as the worm called Filaria papillosa Rivolta, found 
in the eye of an ass at Pisa, and also F. apapillocephala Condorclli- 
Francaviglia. 

Climatology. — The worm is found in Italy, Sicily, Hungary, 
Macedonia, and Roumania. It is a parasite of the horse and ass, 
and but rarely of man. 

.ffitiology. — -It has been suggested that the worm is introduced 
by the bites of C hr y sops excutiens. 

Morbid Anatomy. — The nodule containing the worm consists of 
fibrous connective tissue with round-celled infiltration and traversed 
by lymph spaces. 

Pathology. — ^It is thought that the worm enters a lymphatic 
canal, which becomes cut off and is surrounded by an inflammatory 
reaction. No microfilariae can be found in the blood or in the 
nodules. 

Symptomatology. — Marks of a bite have been seen in only one 
case. Usually it is a small tumour in some area of the body which 
is the first sign to attract attention. 

The differential blood count is as follows; — 


Per Cent. 

Polymorphonuclear leucocytes . . . . . . 47-0 

Mononuclear leucocytes 10*5 

Small lymphocytes . . 38*0 

Eosinophile leucocytes 3*5 

Basophile leucocytes . . i *0 


As time progresses the little lump may become hot and swollen, 
but not painful. After these inflammatory symptoms hav(‘ lasted 
for some three days they subside, only, however, to recur again in 
about ten to fourteen days, and this cycle recurs and recurs. Some- 
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times an abscess forms in which the worm or its remains can be 
found. 

Treatment. — The correct treatment is to excise the nodule. 

Prophylaxis. — Notliing can be said under this heading, as the 
method of infection is unl^nown. 

DISEASES OF MUSCLES. 

MYOSITIS PURULENT A TROPICA. 

Synonyms. — Muma fever (Samoa), Bungpagga (Northern Gold 
Coast). 

History. — This condition has been observed in various parts of 
the tropics, including the northern territories of the Gold Coast, by 
several observers, among whom Van Polak, Ziemann, Kiilz, may be 
mentioned. The last-named author has given a good general 
account of tjie malady. 

Climatology. — The disease is found in tropical Africa and Samoa. 

etiology. — Some authorities suggest that it is due to a Filaria. 

Symptomatology. — The patient ccmplains of rheumatoid pains 
in the limbs associated with fever of a remittent or intermittent 
type. Abscesses form in the muscles in various parts of the body. 

Treatment. — This is surgical, the abscesses being evacuated. 

DISEASES OF BONES. 

GOUNDOU. 

Sy no ny ms . — A nak hr c — - b i g- n ose ; H e np uy e = d og- n o se . 

Definition. — Goundou is a disease of unknown causation, charac- 
terized by a bony swelling, usually bilaterally symmetrical, situated 
on eitluT side' of tlu' nose. 

History. — The disease was first described by Macalister in 1882. 
under the term of ‘ the horned men of Africa.' Lamprey in 1887 
also referred to the disease under a similar term, and Strachan drew 
attention to it in a West Indian child in 1894. Maclaud in 1895 
described tlie disease which he saw on the Niger under the terms 
' goundou ’ or ' anakhre.' In 1900 Chalmers gave an account of the 
disease as seen on the Gold Coast, and Renner as seen in Sierra 
Leone. Later Braddon recorded a case in Malaya, and others 
found the disease in Sumatra and in China. Friedidchsen gave 
an ('xcelhmt description of it as seen in East Africa, and Nell gave 
an account of his cases on the Gold Coast, while Cantlie records a 
case of unilateral goundou in a European. Lastly, Roques and 
Bouffard, and more recently Roubaud, Blin, Marchoux, and 
Mesnil and Leger, have recorded cases in monkeys— anuhis, 
Cercopitliecus sp. ?, and Callitrichens. 

The first three observers found that the condition affected many 
bones of the skeleton, besides the nasal bones. Let idle has noticed 
a somewhat similar condition in the skull of an ancient Inca found 
in a Peru necropolis. 
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Climatology. — The disease is most commonly met with in West 
Africa, but has been reported from East Africa, Malaya, Sumatra, 
South China, and the West Indies. It usually affects native races, 
but has been reported in one European. Usually it begins in the first 
two decades of life. 

^Etiology, — This is unknown, though the association with yaws 
gave rise to the suspicion that this was the a^tiological factor. 
Cantlie's European, however, had not suffered from yaws, and 
monkeys do not suffer spontaneously from yaws. 

Occasionally in yaws patients a bilateral or unilateral swelling 
of the nose is present (pseudo-goundou of Brumpt), but it quickly 
disappears along with the other symptoms of yaws under treatment 
with potassium iodide or saJvarsan, which 
has no effect on true goundou. 

Other theories have been that it was a 
racial trait, or that it was due to a larva of 
a fly, but these are certainly not correct. 
As far as we know, it is never congenital. 
Braddon thinks that it is a disease sid 
generis, and in our opinion is probably 
right. 

Pathology.^ — Whatever tlu^ cause may be, 
there seems no reasonable doubt tliat the 
infection begins in the nose; for although 
we were unable to find any abnormality in 
the nose of the cases we have seen, still, 
there was always a liistory of some obstruc- 
tion, pain in the nose, and oftc'ii of a 
bloody discharge. Moreover, Eric'drichsen 
describes a swolhui condition of nasal 
Fig. 791 .-Goundou in a ’nucosa wit h almost polypoid oxcrcscuncus. 

Native of the Gold Ueger has noted microscopically a pro- 

CoAST. liferation of embryonal cellular elements 

derived from the bone-marrow infil- 
trating the bone-tissues. This is followed latcT by a true process 
of cicatrization or osteosclerosis. If this is correct, it is quite easy 
to understand that the vessels passing from the nose through the 
sutura notha, in the nasal process of the superior maxilla, can carry 
that infection to the periosteum, which, being irritatccl, proceeds 
to an excessive formation of bone in the area of that suture. This 
results in the formation of a ony swelling, composed on the out- 
side of a thin shell of compact bone, underneath which is spongy, 
bony substance continuous with tliat of the bone from which it 
is arising. Tht sutura notha is, of course, found in all human skulls, 
and is not peculiar to the negro race. 

The bony growths are attached to the nasal bone, the nasal 
process of the superior maxilla, and at times to the maxilla itself. 
The periosteum strips off readily, but usually shows no signs of 
recent inflammation. 
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Symptomatology. — Generally the disease begins with pain in the 
nose, or headache, which may be severe, and a bloody nasal dis- 
charge, which may continue for some six to eight months. When 
this is disappearing, it is noticed that there i^ a swelling, usually 
symmetrically placed on either side of the nose, in the region of 
the nasal bone and nasal process of the superior maxilla. Slowly 
and steadily these lumps increase in size, interfering with vision 
(it is said at times destroying the eyes), and giving rise to a hideous 
deformity rather like a Cynocephalus monkey, and hence called 
' dog-nose.’ When fairly well developed, an oval, bony swelling, 
with its long axis directed downwards and outwards, is seen sym- 
metrically placed on each side of the nose; the skin over the tumour 
is never affected, being freely movable; and usually, when ex- 
amined. the nasal mucosa is found to be normal, and the nasal ducts 
are patent, but there may be swelling and even polypoid-like excres- 
cences. Occasionally a similar growth may invade the nose, 
partially blocking the nasal cavity. The growth, however, may 
stop at any stage of its development, and proceed no farther. 
Some authors describe a curvature of the tibiae as being associated 
with the disease. 

Varieties. — Instead of being bilaterally symmetrical, the bony 
lump may develop only on one side of the nose. Orpen has 
described, in addition to the two usual tumours, a third in the 
malar region. 

Diagnosis. — -The symmetrical bony swellings at the root of the 
nose are characteristic, but must be distinguished from Brumpt’s 
pseudo-goundou of framboesial origin by the history and by the 
inutility of salvarsan and potassium iodide. 

Treatment. — Medical treatment is useless, and removal is not 
merely easy, but most effective, as the disease is known not to 
have returned some six or seven years after the operation. 

Prophylaxis.— As the causation is doubtful, nothing can be said 
under this heading. 

BOOMERANG BONES. 

Synonym. — Boomerang leg. 

Daflnition. — A disease of the long bones commencing gradually, 
and associated with pain, tenderness, and longitudinal bowing of 
the bones, which remain permanently deformed after the acute 
symptoms have disappeared. Several conditions are apparently 
covered by this term. 

History. — The disease was first described in the second edition 
(1913) of this work from information received from Ernest Black, 
He described it as seen in the aboriginal natives of the north of 
Western Australia and the Torres Straits Islands. In 1915 Breinl 
and Priestley gave an account of the disease as seen in Northern 
Queensland and Western British New Guinea, In 1918 Christ opher- 
son described a similar condition as seen in the Anglo-Egyptian 
Sudan. 
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Climatology. — The disease is known in the northern portion of 
Australia, the islands of the Torres Straits, in the Sudan, in 
British New Guinea. 

.etiology. — This is unknown. It is not syphilitic, tubercular, 
osteomalacic, nor due to rickets. Black considers the condition to 
be due to hypof unction of the thymus gland. A clinically similar 
condition is undoubtedly a late manifestation of yaws. 

Pathology. — The disease is believed to begin as a rarefying 
osteitis which causes softening and permits the bending of the bones. 
This is followed by a condensing osteitis and formation of periosteal 
bone fixing the deformities. 

Morbid Anatomy. — The bending in the tibia takes place at the 
junction of the upper with the middle thirds. The bone is heavy, 
and compact in the centre and freer at the ends. The narrow cavity 
is almost filled in with compact bone. 



Fig. 792. — Boomerang Disease. 

(From a photograph by Chrislopherson.) 

Symptomatology.^ — The onset is gradual in young natives during 
the period of growth. There arc pains in the shins, severe enough 
to prevent walking, and the skin over these bones is tender. The 
subcutaneous tissues become inflamed, and there is some febrile 
disturbance. After the acute symptoms and pain have subsided 
the children start to walk, and the bones bend forward gradually, 
thus giving rise to the characteristic deformity, which becomes 
permanently fixed. 

Other bones may become similarly affected. 

Treatment.^ — This is nil at present. 

Prophylaxis. — U nknown. 

PES GIGAS. 

Synonym. — Congenital partial h)rpertrophy of the foot. 

Definition. — Hypertrophy and fusion of the inner metatarsal 
bones, with club formation of the ends of the toes. 

History. — Cousland, in the Journal of Tropical Medicine for 
January, 1900, gave an illustration of the disease as seen in a young 
Chinaman. Raynaud saw the disease in a Kabyle and Legrand in a 
European. 

Symptomatology. — The condition is congenital, and may be 
studied by the X rays, when it will be seen that the three inner meta- 
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tarsal bones ?.re hypertrophied, and the second and third united, 
while the terminations of the toes are club-like. In Cousland’s 
case there was marked hypertrophy of the calf muscles. 

Treatment. — It has not been treated so far as we know. 

ENDEMIC ENLARGEMENT OF THE OS CALCIS. 

Definition. — Endemic enlargement of the os calcis is a disease of 
unknown causation, characterized by fever, pain, and tenderness 
over, and subsequently enlargement of, the os calcis. 

History and Climatology. — ^This disease was first descrilx'd by 
MacLean in 1904 in Fantis and Krooboys in the Gold Coast Colony, 
and subsequently in 1905 by Maxwell in natives of Formosa. 

.ffitiology. — The aetiology and pathology are obscure, but in 
some way it is connected with the wet season, as attacks and 
recurrences take place then. 

Symptomatology. — The disease begins suddenly with fever, 
great tenderness over the os calcis, with local pains so severe ar to 
prevent sleeping and walking. In three to seven days the outer 
surface of the bone begins to increase in size, and continues to do 
so for some two weeks, during which time the pain lessens and the 
temperature falls to normal. 

In about a month the swelling reaches its maximum size, at 
which it may remain for about one to two months, during which 
time the pain is moderate and walking is possible. After this the 
bone diminishes to about half the maximum size, but sometimes 
considerable enlargement persists. Usually the disease is bilaterally 
symmetrical, but it may occur on one side only. It affects the 
outer surface as a rule, but may also attack the posterior third of the 
bone. 

Rarely it att;’..( ks otlier tarsal bones, but has never been reported 
as affecting a joint. Yearly recurrences during the wet season are 
common. 

Treatment. — Medical treatment is useless, but relief is given by 
cutting dewn on to the affe^cted area anei trephining a hole into the 
bone. 

Prophylaxis. — Concerning this nothing is kne)wn. 
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General remarks — Endemic paralytic vertigo — L3,tah — Banga — Schamanis- 
mus — Amok — Troj)ical neurasthenia — luidemic peripheral neuritis — 
Erythromclalgia tropica — Desert hallucinations — Emotional excitement 
— Delusions — Auto-suggestion — References. 


GENERAL REMARKS. 

The nerve diseases of the tropics include many general diseases 
already dealt with — e.g., pellagra, leprosy, beri-beri, etc. But 
apart from these conditions, mcningilis, cerebral litmours, cerebral 
hcamorrhages, spastic paralysis, alcoholic neuritis, and, more rarely, 
arsenical neuritis, arc all well known. Locomotor ataxia and general 
paralysis-~i\\Q so-called parasyphilitic tiffections — are rare, though 
syphilis is rampant. The cerebral tumours which we have most 
commonly met with are cndotheliomata and tubercular or syphilitic 
lesions. Hysteria is common among the better-class natives, 
especially among the young women educated according to Western 
ideas. 

As regards insanity, mania and melancholia are the most usual; 
but dementia, idiocy, and epileptic insanity are not uncommon. 
According to Spence, the burden of lunacy in Ceylon is light as 
compared with England, Scotland, or Ireland, and it is possible that 
this applies not merely to Ceylon, but to other countries. But apart 
from tliese diseases, there are some curious nerve or m'nd eiffections 
which must be considered at greater length. 

Sexual perversions ^ire not uncommonly met with in native races. 

Homicidal tendencies are generally due to alcoholism, or to long 
brooding over real or fancied injuries. Suicide is not rare, and may 
be approved by local custom. 

Tropical ‘ kohler ’ has already been mentioned (p. 76), but tropical 
neurasthenia, endemic vertigo, and other conditions must I e briefly 
touched upon. 

War Zone Neuroses. — The recent war has greatly improved the 
general knowledge of neurotic conditions. It has been shown that 
congenital nervous conditions, concussion, chronic alcoholism, and 
sexual troubles are predisposing causes; while exhaustion due to 
mental or physical strain, toxaemia, insufficient food, pain, excessive 
heat, or emotion due to horrors or constant pain, traumatism, particu- 
larly concussion, are the exciting causes. The neuroses produced 
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by the above-mentioned causes, according toHurst, are neurasthenia, 
soldier’s heart, stupor and amnesia, psychasthenia, hysteria, 
exaggerated defensive reflexes, hyperthyroidism, hyper adrenalism, 
and shell shock. 

The pathology of some of these conditions has been carefully 
investigated by Mott. Many persons suffering from shell shock 
have been permitted to go on duty to the tropics, with often un- 
pleasant mental results. These persons are especially liable to be 
influenced by the sun’s rays. 

ENDEMIC PARALYTIC VERTIGO. 

Synonyms.- — Vertige Paralysante, Vertige Ptosique, Gcrlicr’s 
disease, Kubisagari, Tourniquet. 

D3flnition. — Endemic paralytic vertigo is characterized by eye 
symptoms, such as ptosis, dimness of vision, and by paralysis of 
the neck and extremities. 

History. — The discus:' was first described, in 1884, by Gerlier in 
Fcrney, in Switzerland, in 1886, and by Miiira, in 1894, in Japan. 

Climatology. — It is known in France, Switzerlancl, and Japan, 
where it is found in the northern provinces and in the island of 
Shikoku. It begins in spring, attains its greatest numbers in 
summer, and ends in autumn. 

etiology. — The a'tiology is entirely unknown, and hence there 
are many theories, which suggest alcohol, poisoned bread and 
lentils, and latent malaria; but the one which is favoured by both 
Gerlier and Miura is the association of the disease with stables. 
Gerlier says that in the valley of the Lake of Geneva it is not 
unusual for people to sleep in the stables; and Miura says that in 
the regions affected in Japan it is usual to have the house so arranged 
that a part is used as a stable, while the remainder is occupied by 
the family. 

Fu^-thcr, it is associated with warm weather. Miura gives as 
exciting causes bodily exertion while hungry or after a full meal, 
writing, reading, steady attention to anything, uniform movements, 
or mixing with crowds; while the attacks are diminished by rest 
and change. Couchoud and vShionoya found a Gram-negative 
coccus in the cerebro- spinal fluid. This they grew artificially, and 
stated that they reproduced the disease by injecting this into cats. 

Pathology. — This is quite unknown. 

Symptomatology.- — An attack begins with a blurring of objects, 
everything appearing as if in a fog, together with ptosis, and, less 
frequently, a diplopia due to paralysis of the internal rectus, with 
sometimes photophobia, disturbances of colour vision, and hyper- 
aemia of the optic disc. Then follow disturbances of speech and loss 
of power in mastication, and, in bad cases, of deglutition. At the 
same time paralysis of the muscles of the back of the neck, the 
back, and the extremities arc observed. The head falls forward, 
and is only raised with difficulty; hence the name of the disease, 
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' kubisagari/ which means ‘ he who hangs his head/ If the muscles 
of the back are paralyzed, there may be difficulty in raising the 
body from a stooping posture. Weakness in the hands, arms, and 
legs is often observed, and is first noticed in the muscles connected 
with symmetrical repeated movements. An attack lasts from ten 
to fifteen minutes, and varies in severity, in mild cases there being 
only ptosis and dimness of vision. Between the attacks the patient 
is perfectly well in every respect. After severe attacks there may 
be a little ptosis, or weakness of the muscles of the back, neck, hands, 
or legs, and increased reflexes. 

Diagnosis. — The characteristic symptoms arr': Ptosis and the 
falling forward of the head and neck. These symptoms differentiate 
it f . 0111 the other forms of vertigo. 

Prognosis. — The disease is never fatal, though it may last for 
many years. 

Treatment. — The first requirement is removal from the endemic 
area and from living in close proximity to stables. Medicines are 
not of much use, but a combination of potassium iodide and arsenic 
is recommended. 

l4tah. 

Synonyms. — Echomatism, Mimicismus, Sakitlatar, Jumping, Bah- 
tschi, Myriakit, Meriatschenje. 

Definition. — Latah is a mental condition in which suggestion is 
at once followed by uncontrollable action in the form of echolalia 
or echokinesia, of which the mind is usually, but not always, 
conscious. 

History. — The convulsive tics have been carefully studied in 
Europe by Charcot, Gilles de la Tourette, and Guinon, but the 
allied condition ‘ latah ’ found in Malaysia, as well as similar con- 
ditions found in other parts of the world, have as yet not been fully 
investigated. Thanks to the labours of O’Brien in 1883, Gilmour 
in 1892, Van Brero in 1895, Ellis in 1897, Gerrard in 1904, Manson 
in 1907, Fletcher in 1908, Plan in 1911, and Abraham in 1912, 
a fair amount of definite information with regard to latah is avail- 
able. 

Climatology. — Latah is found principally in the Malay Peninsula, 
Java, Sumatra, and is also known in Siam, in Burma, in the 
Philippines, Siberia, and among the Jumpers of North America. 
Fletcher has rightly drawn attention to the fact that, while the 
disease is very common in the Malay States, it is, apparently, rare 
in the Malays who have emigrated. Thus, for example, it does not 
occur among the large colony of Malays in Ceylon, which may be 
due to the fact that they originally came from Batavia in Java, 
and not from Malaya, but it is said by Fletcher to occur in Chinese, 
Tamils, and in Europeans living in Malaya. The Ikota or Samoyeds, 
and the Tigretier of Abyssinia, are said to suffer from similar symp- 
toms. In children the disease is milder than in adults. 

etiology. — The exciting cause appears to be any sudden start, 
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producing some peculiar movement, after which any unlooked-for 
action may be imitated, and is generally accompanied by bad 
language. The mildest form of the disease is merely an exclamation 
or a scream when startled, but in severe cases the patient will 
imitate any sudden motion or obey any suggestion made to him. 

Fletcher relates that in some parts of the Malay States it is 
occasionally impossible for a judge to examine the witnesses, as 
they can do nothing but imitate and repeat the questions put to 

them. 

According to Abraham, the exciting causes are: (i) Auditory — 
e.g., an unexpected noise behind the person; (2) visual — some un- 
looked-for movement ; (3) tactile, such as a sudden touch. 

The predisposing cause would a})pear to be racial. 

Symptomatology. — On hearing an unexpected noise, seeing or 
performing a sudden movement, or being surprised by a touch, the 
patient repea-s either the action seen or the words uttered, and at 
the same lime may use foul language. The unfortunate victim is 
generally conscious of his words and actions, of which he may be 
ashamed, but he is quite unai)le to control them. The most graphic 
account of the symptomatology of the fully-developed complaint 
is that given by Sir Hugh Clifford in his ‘ Brown Humanity,' from 
which we are kindly permitted to give an extract. The disease is 
best seen in the Malays, and as no white man knows these people as 
Sir Hugh Clifford knows them, the following is of peculiar value: — 

* The most typical case of Utah within my experience was that of a Selangor 
Malay named Sat, who, in 1887 and 1888, cooked the rice for me and for ten, 
twe^t3^ or thirty Malays who were then living in my house at Pekai. He was 
a great big, heavy-featured, large- boned, cdumsily-built fellow, very solid, 
very stupid, very phlegmatic — the last person in the world one would have 
thought to be the victim of any nervous disorder. To the lay mind any 
abnormal degree of sensitiveness should be accompanied by a somewhat 
ethereal physique, a delicate skin, a blue-veined forehead, tiny hands and 
feet, and a highly-strung organization. To none of these things could poor 
Sat lay any sort of claim; and though, no doubt, doctors will say that these 
are by no means invariable accompaniments of a highly nervous tempera- 
ment, I must own that Sat looked vastly improbable as the possessor of 
anything so rarefied. All the other Malays in my household were accustomed 
to put upon Sat most unmercifully, making him do almost the whole of the 
work that should rightly have been shared between them all. Sat never 
appeared to resent this arrangement, and he never made any complaint to me 

then, or at any later time, of the manner in which his fellows treated him. 

‘ He spent almost the whole of his day in the great ramshackle room, built 
out over the river on supporting piles of nibong, in which the large wooden box, 
filled with baked clay, which served as our simple cooking-range, occupied the 
chief place in the centre of the tala floor. 

* When the others were most noisy. Sat was still silent. When some of 
my men boasted of the great deeds they had performed in the old days in 
Selangor, Sat would listen obediently to the thrice-told tales, stolidly, but 
without excitement. Most of the other men had their own particular chums, 
but Sat was always solitary, and he never appeared to have any ideas in that 
great bullet-head of his which he desired to exchange with his neighbours. 

He had been an inmate of my hut for nearly a year before anyone dis- 
covered that he was Idtah. The fact came to light quite accidentally. Sat 
being startled out of his self-possession by the sudden capsizing of a cooking- 
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pot over which he was watcliing. A boy who chanced to be alone in the 
cook-room with Sat made an instantaneous grab at the fallen rice-pot, and 
in an instant Sat’s hand was in the fire, grasping the burning hot metal. He 
withdrew his flayed fingers quickly, as the pain brought to him consciousness 
of what he had done, and he carried them at once to his head — that queer, 
groping, scratching motion wliich is an invariable accompaniment of Idtah — 
and the boy at his side needed no man to tell him that Sat was a \dctim to that 
extraordinary affliction. 

* With the wanton cruelty and mischief of his age, the boy once more made 
a feint at the smoking rice-pot, and again Sat’s fingers glued themselves for 
a moment to the scalding metal, and returned aimlessly to his head. 

* I do not know how many times this was repeated, but Sat’s fingers were 
in a terribly lacerated condition when at last someone chanced to enter the 
cook-room, and interfered to prevent the continuation of Sat’s torture. 

After that, though I did all I could to protect him from molestation. Sat 
was never, I fancy, left in peace for long by the other men of my household. 
Gradually, in the course of a couple of months or so, this man, who for nearly 
a year had shown no signs of being the victim of any nervous disorder, was 
reduced to a really pitiable condition. The occasional Ifitah seizures, which 
were at first induced by the persecutions of his fellows, ceased to be abnormal 
phases, and became the chronic condition of his mind. If one spoke to him, 
with no matter how much gentleness, he would repeat the words addressed to 
him over and over again, aimlessly, unin tciligcn fly, without, apparently, 
comprehending their meaning, and that wandering, groping hand of his would 
steal to his head, and scratch helplessly at his close-cropped hair. 

‘ Sat, listen, Sat !” I would say to him as quietly and as reassuringly as 
I knew how. " Listen I no man is worrying thee. Try to listen to what I 
say to thee.” Sat would make answer, and then, very low, in a whisper under 
his breath: '' Listen, listen, listen, listen, listen what I say to thee.” 

* I instituted a fine for anyone who was found annoying Sat, but it was 
impossible to get a conviction, for the unfortunate victim could never say 
who the man was who had teased him into a more than usually severe paroxysm 
of latah. 

‘ It was about this tiinci that a number of other people in my household began 
to develop signs of the affliction. I must not be understood as suggesting that 
they became infected with latah, for, on inquiring, 1 found that they had one 
and all bc^en subject to occasional seizures when anything chanced to startle 
them badly long before they joined my people ; but the presence of so complete 
a slave to the affliction as poor Sat seemed to cause them to lose the control 
which they had hitherto contrived to exercise over themselves. One of the 
older men among my people — I’a’Chim, we called him — a Malay by birth, 
and of some standing with his fellows, came to me and begged that I would 
see that no one did anything to give him a sudden start, since, he said, only a 
very little was needed to ma ke him Idtah also. Yet this man, neither then nor 
later, showe<l any signs of the affli('tion. He probably exercised a consider- 
able amount of scdf-control, bub I always knew that in a moment I could have 
broken through his guard, and have startled him into as complete a seizure 
of latah as those of which Sat was the victim. 

' One day a curious thing happened, which I will relate as it occurred, 
though 1 only witnessed the end ol the incident. 

' A TrSnggfinu Malay, who havi a cousin among my people, came in to visit 
his relative, and chanced to find no one but Sat in the house. The latter 
invited the TrSngganu man to partake of slrih, and they squatted down on 
the pentas, or raised eating-platform, in the centre of the house, with the 
slrih-box between them. The villainous small boy who had first discovered 
Sat’s weakness was playing about, in the room, and in some unholy way he 
had learned that the Tr§ngg3,nu visitor was also a latah subject. He seized 
a long rattan, which, 1 think, was kept in the room by one of the older men 
for his occasional ( orrection, and smote the s£rih-box as it lay between the 
two betel -chewers, making the wooden covering resound with the smart blow. 
The sudden and unexpected noise at once deprived both men of all power of 
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self-restraint. Each gave a sharp cry and a '* jump '' — to use the colloquial 
expression — and, since there was nothing to distract their attention from one 
another, they fell to imitating each the other's gestures. For nearly half an 
hour, so far as I could judge from what I learned later, these two men sat 
opposite to one another, gesticulating wildly and aimlessly, using the most 
filthy language, and rocking their bodies to and fro. They never took their 
eyes off one another for sufficient time for the strange influence to be broken, 
and at length, utterly worn out and exhausted, first Sat and then the 
TrSnggdnu man fell over on the platform in fits, foaming horribly at the 
mouth with thin, white flakes of foam. Men came running to me for help, 
many having witnessed the end of this strange scene, and when I had doctored 
Sat and his companion back to consciousness, I tried to ascertain from them 
how they had come to fall victims to this seizure. They could tell me nothing, 
however, for they only remembered that before their trouble came upon 
them they had been chewing betel-nut. The matter was sifted out, none the 
less, and the small boy who had been the cause of the trouble again made 
the acquaintance of the piece of rattan, and, to judge by his cries, found the 
interview an unusually painful one.' 

From the above account it will be seen that a sudden action 
will inhibit the higher centres and produce reflex movements in 
imitation of those performed by the exciting cause. The loss 
of memory of what has taken place and tlie peculiar movement of 
the hand to the head indicates the eibrogation of the higher powers. 

Varieties. — There are two varieties of the complaint — the im- 
pulsive and the mimetic. The former, produced by a sudden shock, 
results in violent action or bad language, of whicli tlu' patient may 
be very ashamed. The mimetic is the form in wliich the sufferer, 
no matter how unwilling, is compelled to imilai e. 

Allied Complaints. — Latah must be closely relatc'd to tliose curious, 
psychical phenomena seen at times among different races, tlie 
afflicted people being variously known in Europe as ‘ the Jumpers,’ 

‘ the Barkers,’ and ‘ the Jerks,’ and must also be allied to those 
states of excitement into which p('Ople pass during times of religious 
revivals. In our experience it lias also a certain resemblance to 
some cases of so-called ‘ Maladie de Gilles dc la Tourette,’ the main 
symptoms of whicli are echolalia and coprolalia. 

A peculiar psychical outbreak took place in Madagascar in the 
years 1863-64 among tlie women of the lowest classes, consequent 
on the profound sensations caused by the violent death of King 
Ramada II., and the subsequent changes in the religion and laws. 
This outbreak is said to have been identical with the dancing mania 
of the Middle Ages. It is interesting to remember that there is a 
strong admixture of Malay blood in the natives of Madagascar, 
especially in the ruling classes. 

It is thus seen that the condition, though at present most marked 
among the Malays, is, and has been, world-wide in its spread, and 
is really due to the possession of feeble higher centres which arc 
easily upset, and then are unable to control the lower centres in the 
accustomed manner. 

Diagnosis. — The diagnosis of latah is based upon the individual 
uncontrollably performing or imitating actions, often with echolalia 
or coprolalia. 
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Prognosis.' — Litah is said never to end in insanity. 

Medico-Legal. — With regard to the medico-legal aspect of litah, 
Fletcher has performed an experiment with a severely affected 
subject, proving that suggestion can compel a latah subject to 
commit a crime even against his will. He concludes that in Idtah 
crime is a possibility either as — ■ 

1. An act resulting from an imperfectly controlled inco-ordinate 
reaction to a sudden impulse; or as — 

2. An act resulting from the suppression of volition in the severe 
forms, the determining cause of which is a criminal suggestion by a 
^second person. 

In evidence of the first, he cites two Malays going through a forest 
carrying their knives for cutting wood. A twig suddenly snaps, 
and the first man falls to the ground, which so upsets the second 
'one that he also falls to the ground, and in so doing accidentally 
wounds the first man with the knife he is carrying. In evidence of 
the second, he places a dummy in a bed previously occupied by a 
friend of a latah person who had been removed without the latter’s 
knowledge. Suddenly the latah person was ordered to take a 
knife which was placed in a handy position, and stab the dummy in 
the bed. The latah person tried not to do this, but was compelled 
to obey the suggestion. Thus, it would appear that there may be 
a near connection between latah and crime. 

Treatment. — The treatment is most unsatisfactory, but auto- 
suggestion might be tried. Abraham states that some patients 
have cured themselves by determination not to succumb. 

BANGA. 

Definition. — -A hysterical condition, chiefly influencing women 
'above the age of puberty, but also occurring in men in the Welle 
District of the Belgian Congo. 

Symptomatology. — Fright or anger may induce an attack, in 
which the body is shaken by convulsions, followed by wild cries and 
rushes out into the open country or forest away from frequented 
paths. Sometimes it is accompanied by aphasia. 

Diagnosis. — It is said to be separab'. e from hysteria by the absence 
^of the stigmata of that disease. 

Treatment. — Suggestion appears to cure these cases. 

SCHAMANISMUS. 

Schamanismus is the condition of excitement into which certain 
^of the Dayaks and other peoples are able to throw themselves for 
religious purposes. This state of excitement seems to be attained 
by leading an extremely erotic life, and appears, by its singing, 
shrieking, and dancing to utter weariness, to resemble the dancing 
mania of the Middle Ages, and, therefore, to be related to latah. 
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Amok. 

Definition. — ^Amok is a psychical disturbance, which, after a 
period of depression, suddenly develops into a violent attempt to 
kill people, of which no memory may be left, and after which a 
stuporous condition supervenes. 

Remarks. — ^Amok, which means ' an impulse to murder,' is a 
disease freq^uently found among the Malays, but also occasionally 
in other Oriental races. Abraham thinks that there may be some 
relationship between amok and latah. 

Climatology. — Amok is found in Malaysia among the Bugis of 
Celebes, the Malays of Indo-China, Malacca, and the Malay States. 
It is also said to occur at times in Trinidad and among the inhabi- 
tants of India and Siberia. 

etiology. — The exciting cause appears to be a strong emotion of 
anger, sorrow, or fear, after which a pause or incubation period of 
depression follows, which may last for days or weeks, during which 
the patient broods over his wrongs. The Dutch believe that it is 
induced by opium smoking, and Miall that it is due to smoking 
haschisch [Cannabis indica ) ; but these causes are insufficient. 

Symptomatology. — The attack is ushered in by colour sensations 
of red or black, with or without vertigo, and the patient complains 
of the appearance of devils, which he attempts to kill. The 
amoker usually rushes out of his abode and attacks friends or foes, 
young or old, males or females, with his kris, or flame-shaped knife, 
or by firing on them with a gun. The attack usually lasts but a 
short time, and the deeds performed during that period are not 
remembered. After the attack the patient passes into a stuporous 
condition or deep sleep, which may last for a long time, after which 
he remains in a peculiar excitable condition for some months. 

Allied Complaints. — This is a curious pathological entity, and may 
be a genuine psychical obliquity closely related to those epileptoid 
seizures investigated in Europe by Lombroso. 

Medico-Legal. — If a case is considered genuine, the patient must 
not be regarded as responsible for his actions, but each case should 
be judged on its own merits. 

Treatment. — No treatment has so far been tried in the prodromal 
stage, as far as we know. 

TROPICAL NEURASTHENIA. 

No disease among Europeans in the tropics deserves more careful 
study by the practitioner than neurasthenia, because, though not 
in itself fatal, still it leads to many of the petty worries felt and bad 
tempers exhibited, and, in worvSe cases, may seriously hamper good 
work being performed. The subject has been ably studied by Falcs 
in Americans returning from the Philippine Islands. 

.ffitiology. — Tropical neurasthenia is apt to develop in white 
people in any part of the tropics, but especially in those which are 
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subject to moist heat, and in some cases an important predisposing 
cause is the sun's rays, the effects of which are often disregarded. 
Moreover, the white man is generally compelled to work hard 
throughout the heat of the day, and is often exposed to the midday 
sun. The liability to the disease increases with the length of resi- 
dence in the tropics. Predisposing causes are any previous illness, 
alcoholism, and overwork. Fales states that he found 30 per cent, 
of the men and 50 per cent, of the women who had resided for a 
year or longer in the Philippine Islands the subjects of such severe 
neurasthenia as to be semi- invalids. In our experience the disease 
is extremely common all over the tropics in Europeans as well as 
in the natives of the educated class. 

Symptomatology. — In addition to the ordinary signs of neuras- 
thenia, the tropical form seems to markedly affect the vascular 
system; palpitation is very common, and tlie patients suffer from 
various kinds of phobia, especially relating to diseases of the 
tropics. 

Treatment.- — The best treatment is rest and change of climate 
and mild hydropathic treatment. If this is not possible, hypo- 
dermic injections of sodium glycero-phosphatc — o*i gramme daily 
in bad cases — or some form of glycero-phosphate, with or without 
polyformates, by the mouth in mild cases, may be tried. The 
patient should discontinue cold baths, and should use warm baths, 
which should be taken at night if there is sleeplessness. Bromides 
are occasionally useful. 

Prophylaxis.-— As in some cases the disease is predisposed by 
exposure to the sun, protection is required against th^ sun's rays 
by topees lined with red, and, if necessary, by red underclothing 
or clothes made from the ' solaro ' fabric already mentioned, and 
by avoidance of the midday sun as much as possible, and the total 
abstinence from alcohol. 

Persons who are compelled to work hard under unfavourable 
conditions require change to the Temperate Zone at relatively short 
intervals — i.e., about once in two or three years. 

ENDEMIC PERIPHERAL NEURITIS. 

Synonym. — Ak at ama . 

Definition. — Endemic peripheral neuritis is a disease of unknown 
origin, characterized by numbness and intense prickling and 
burning sensations in the presence of cold or damp, which are 
temporarily relieved by the application of dry heat. 

History. — -The disease was first noticed by Wellman in Central 
Africa in 1896, and described by him in 1903. It affects 3 to 5 per 
cent, of the Bantu people, who are by profession porters, and are 
much impeded in their work by this complaint, which affects young 
and old, male and female alike. Their staple food is maize, which 
is eaten partially cooked. 

Climatology. — The disease i'^ found in that plateau of Africa 
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which is 5,000 to 6,000 feet high, and is situated between 13® to 
14° south latitude, and is inhabited by the Bihe, Bailundo, and 
Andulu peoples, all of whom are Bantus. 

etiology. — Wellman was unable to find any causative organism 
in the blood or faeces. Some of the natives also suffered from 
filariasis, ankylostomiasis, and bilharziosis, but these were adven- 
titious. His theories are that it may be caused by cold, fermented 
maize, or nerve-starvation; but he is not satisfied with any of 
these hypotheses. 

Morbid Anatomy. — In bad cases there is some swelling, erythema, 
and slight oedema of the affected part; still, biopsies of the skin 
revealed nothing, and post mortem the nerves were found normal. 

Symptomatology. — The disease usually begins with shooting, 
pricking, or crawling pains in the legs and forearms, accompanied 
by numbness, together with an erythematous rash and swelling of 
the affected area. All these symptoms are increased by cold and 
damp, and diminished by heat and dryness. They may also appear 
on the thighs and arms, and occasionally on any part of, or all over, 
the body. The gait is pccadiar, the patient appearing to walk on 
the toes and heels. The disease may last for years, but spon- 
taneous recovery is known. 

Diagnosis. — The diagnosis is easy, for it is distinguished from 
beri-beri by the absence of pain in the calves, by the absence of 
the heart symptoms, and of the paralysis; from elephantiasis by the 
swelling being transitory; from malaria by an examination of 
the blood; and from pellagra by the symptoms improving during 
the warm, season. 

Prognosis. — This is good as I0 life and gc'iieral health, though the 
course of the malady may be very protracted. 

Treatment. — No method of treatment is known to do any good. 


ERYTHROMELALGIA TROPICA. 

Under this term Gerrard describes a nerve condition in which 
natives who work barefoot on roads and plantations in Malaya 
complain of a feeling of pins and needles in the soles of the feet, 
followed by an acute burning sensation, which prevents walking and 
sleeping. Malaria is assigned to be the cause. The treatment 
recommended is to place the feet in hot salt-water, which is said to 
give great relief. 


DESERT HALLUCINATIONS. 

Synonym. — Le Ragle. 

D'Escayrac de Lauture describes hallucinations of the senses of 
sight, hearing, smell, or taste, or even of common sensations, which 
attack persons suffering from exhaustion in deserts. The causation 
is probably inanition. Generally the attack comes on at night, but 
it may occur in the day-time, when it is considered to be more 
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serious. Usually hallucinations are visual, and thus stones look 
like buildings or large rocks, while caravans or files of soldiers may 
be seen which do not exist. It has nothing to do with true mirage. 

Chalmers has met with a case which occurred in the Egyptian 
deserts, in which the attack at first only came on during the night, 
but once occurred in the day. Its causation appeared to be due to 
very hard work and mental worry. The symptoms quickly dis- 
appear under the influence of rest, better food, and cessation of worry. 

EMOTIONAL EXCITEMENT. 

Synonym. — ^Misala. 

Howard, in a very interesting paper, has recorded cases of 
emotional excitement called ‘ misala,’ which vary from an attack of 
tropical anger to a condition almost bordering on mania, which can 
be controlled by authoritative commands, ar which, left to them- 
selves, pass off in a few hours or days. It occurs among tlie young 
adult males of Nyassaland. 


DELUSIONS. 

Delusions of poisoning and of bewitchment are common in Africa 
and Asiii, and probably elsewhere, and are commo]! explanations 
of various forms of disease or of hysteria. 

AUTO-SUGGESTION. 

Every practitioner in Africa and Asia is acquainted with the 
extraordinary ease witli wliich a native can die if he makes up his 
mind to do so. The actual cause of death is often exJiaust ion due 
to starvation. It should be treated by suggestion. 
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CHAPTER XC 


DISEASES OF THE ORGANS OF SPECIAL 

SENSE 

General remaiks — Diseases of the eye — Diseases of the ear — Diseases of the' 

nose — References. 

GENERAL REMARKS 

It is not usual to consider the diseases of the organs of special sense 
in a work on tropical medicine, but all the diseases of the tropics 
are being carefully studied at the present time, and therefoie we 
are of the opinion that a few cursory remarks on the above subjects, 
from the point of view of the general practitioner, may be of some 
interest. 

DISEASES OF THE EYE. 

The history of the study of eye disease in the tropics has still 
to be written, but anyone interested in the gt'iieral history of this 
branch of medical science is referred to Hirscli, ‘ Geschichte der 
Augenheilkunde ' (Leipzig, 1877), which, tliough issued as a separate 
little volume, was originally part of Graefe's and Saemich's ‘ Hand- 
buch der Augenheilkunde,’ vol. vii. In tJiis book there is an 
account of the ophthalmology known in ancient Egypt and India, 
as well as the history before and during the Alexandrine period of 
medical development. It will suffice to say that eye disease is 
described and treated in the Ebers papyrus, and that Susruta 
mentioned 76 diseases of the eye, of which 9 were of the joinings 
of the eye, 21 of the eyelids, ii of the sclerotic, 4 of the black part 
of the eye, 17 of the eye in general, 12 of the true organ of vision, 
and 2 were injuries. In recent years the work of the ophthalmic 
surgeons of India and Egypt and elsewhere has been beneficial, 
not merely in an extension of knowledge, but more importantly in 
benefit to the communities of the lands in which they live. Excel- 
lent work has been done by the travelling ophthalmic hospitals, 
such as those provided by private generosity in h2gypt, which go 
from district to district. By this means, natives at a distance from 
main hospitals are enabled to obtain expert advice and treatment, 
which can be carried on in the interval between a visit by the local 
hospital and dispensary. 

Another excellent institution of more or less recent origin is 
the Central Ophthalmic Hospital, to which the patient can be 
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sent or more prolonged exper 
this nature can be found in the 
Ceylon. The prevalence and 

tropics cannot be too strongly ..... - 

thalmia are so frequent that it has been stated that in no region oi 
the world is conjunctivitis so common, which may be due to the 
high temperature which favours the growth of micro-organisms; 
to the overcrowded and filthy native dwellings, which favour their 
dissemination; to the dirty habits of the lower-class natives; and 
to the presence of large numbers of flies at certain seasons, which 
also materially assist in tJie spread of infection from the diseased 
to the healthy. Moreover, these factors are reinforced by the 
irritation caused by the glare of the sun, and by the dust. Blind- 
ness is also very prevalent in the tropics. Denham, in his report 
on the census in Ceylon in 1911, states that, in a population of 
4,106,350 persons, there Were 3,957 blind persons, wliich figures, 
when analyzed, showed tliat tlicre were ii blind men and 8 blind 
women in every 10,000 men and women in Ceylon. In Indi^, in 
1901, there were 12 blind men and 12 blind women per 10, 000 of each 
sex; while in England, in 1901, there were 8 blind men ;ind 7 blind 
women per 10,000 of each sex. 

Dr. Andreas Nell, in his statistics of the Victoria Eye Memorial Hospital in 
Colombo, Ceylon, for the years 1906-1918, shows that the causes of blindness 
in Ceylon may be classified as follows: — 

Congenital Causes. — These included malformations of the eyeball, and syphilis 
acting upon the optic nerve, retina, and choroid. 

Local Eye Diseases. — Ophthalmia neonatorum. Purulent ophthalmia in 
adults, Catarrhal ophthalmia, Granular ophthalmia, Ulceration of the cornea, 
Severe paralysis of the ocular muscles, and Glaucoma. 

Traumatisms. — Injuries from sticks, thorns, and edges of leaves in the jungle, 
from spikes in the paddy ear, from the tips of the blades of water-grasses. 
Some of these injuries are at first trilling, but may become septic, and so cause 
blind nc.ss. 

Constitutional Diseases. — These include syphilis, malignant tumours, leprosy, 
tuberculosis, and enteric fever, but malarial cachexia was not met with as a 
cause of blindness, nor was ankylostomiasis. 

Drugs. — Alcohol (most common) ; tobacco (rare) ; quinine and opium (very 
rare). 

There can be no doubt that blindness arises from neglect of the 
trivial cases of eye disease, and from septic infection, and that, 
as medical aid becomes more readily available and hygiene is im- 
proved, this serious affliction will diminish in the tropics. 

For the purposes of the few remarks which we propose to make 
it will be convenient to divide the subject into: A. Eye Diseases 
Proper; and B. Eye Complications of Tropical Diseases. 

A. EYE DISEASES PROPER. 

CEdema of the Eyelids. 

Under this term Chalmers and Marshall mention the acute swell- 
ing of the eyelids in Europeans and natives in Khartoum. The 
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affected area shows the mark of a bite, and may perhaps be due to 
an ant, perhaps of the genus Monomorium Mayr, 1855. 

Gongmiital Defects. 

These are by no means uncommon in the tropics, and our experi- 
ence includes cases of apparent anophthalmus or microphthalmus, 
coloboma, and albinism. 

Colour Blindness. 

This is of importance, and natives who are to be employed as pilots 
or on railways should be examined as to their power of distinguishing 
colours; and, indeed, if this has been neglected, it is advisable to 
examine the existing employes, as the results of such examinations 
are sometimes surprising. In testing, only the Eldridge-Green 
lamp and method should be used. 

Errors of Refraction. 

A subject which has begun to attract a considerable amount of 
attention is the condition of the eyes of native children in the more 
modern and higher class native schools, as regards errors of refrac- 
tion; but the medical inspection of native schools in the tropics is 
at present neglected, thougli the children suffer from what may be 
termed book hunger, and so strain their eyes excessively. 

Foreign Bodies. 

In addition to the usual foreign bodies met with in the Temperate 
Zone, small flies are apt to get into the eye in the early evening, 
and some of these are very irritating, and may cause congestion; 
or, by introducing micro-organisms, conjunctivitis. Chalmers and 
Marshall record the finding of a small ant, Monomoriitm hicolor var. 
nitidiventre, firmly fixed by its jaws on to the ocular conjunctiva in 
a person in Khartoum. 

Pterygium. 

In this disease the pinguecula, being irritated, spreads on to the 
cornea, and carries thi‘ conjunctiva with it, thus giving rise to 
triangular folds extending from the ocular conjunctiva to the cornea 
on the inner or outer aspects of the eye. It is very common in the 
tropics, especially among coolies in Indo-China. 

The treatment is removal. 

Hyperaemia of the Conjunctiva, 

This is extremely common, being caused by the glare of the sun 
or by the dust, especially in sandy regions, and is especially apt 
to occur in persons who have some slight, and perhaps unnoticed, 
error of refraction. It is also more liable to occur in persons who 
have some congestion of the naso-pharynx, and is one of the symp- 
toms of rhinitis spastica vasomotoria. Usually the symptoms are 
but slight, but the eyes are inclined to water; this is aggravated 
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by exposiire to light, while the patient may complain of a slight 
feeling of grit in the eye or of a burning sensation. 

On examination, a portion of the palpebral and of the ocular 
conjunctiva is seen to be congested, while the secretion from the 
Meibomian glands is noticed to be increased in amount and the 
eyes to be watery. Treatment consists in bathing with warm 
2 per cent, solution of boric acid, in giving the eye rest, and in 
wearing neutral-tinted or yellowish-tinted glasses (Xanthophylline) , 
which can be obtained in three strengths — light, medium, or strong. 

Conjunctivitis. 

This is extremely common in the tropics among natives and 
Europeans, and may be clinically subdivided into- — (i) Conjunc- 
tivitis catarrhalis; (2) Conjunctivitis gonorrhoica; (3) Ophthalmia 
neonatorum; (4) Conjunctivitis trachomatosa; (5) Epitheliosis 
desquamativa; (6) Conjunctivitis phlyctenulosa; (7) Conjunctivitis 
vernalis. Diphtheria is not common in the tropics, and diphtheritic 
conjunctivitis is rare, while conjunctivitis nodosa is extremely rare, 
but can be caused by caterpillar hairs, or plant hairs, becoming 
embedded in the conjunctiva. 

Conjunctivitis Catarrhalis. 

This may be subdivided into the acute, the chronic, and the 
follicular forms. 

The Acute Variety.- — ^Tliis is very common in the tropics, where 
it may occur in epidemics. The most common cause is the Koch- 
Weeks bacillus, which may induce a very severe form of inflam- 
mation; while almost as frequently the Morax-Axenfeld bacillus 
causes a milder though more prolonged attack, often called angular 
conjunctivitis. Rarer causes are the pneumococcus and staphy- 
lococcus. The small eye fly of Ceylon is suspected by Castellani and 
Perry of being an agent in the spread of tliis disease in Colombo. 

The disease begins with photophobia, burning and itching in the 
eyes, with a sensation of grit, all of which symptoms are more pro- 
nounced in the morning than in the evening, when the eyelids arc 
often glued together by the dried conjunctival secretion. 

On examination, the palpebral and ocular conjunctivic are seen 
to be red and congested, and sometimes to be marked by red spots 
indicative of small luemorrhages, while the conjunctival secretion 
is increased in amount and may have particles of mucus swimming 
in it, or it may be largely composed of mucus, or in severe cases it 
may be purulent. Usually both eyes are attacked. The disease 
may disappear in eight to fourteen days if untreated, but more 
usually it becomes chronic. The complications most commonly 
observed are corneal ulcer and iritis. 

The best treatment in severe cases is to evert the eyelids, and to 
lightly mop the inflamed conjunctiva with 2 per cent, solution of 
silver nitrate, followed by a weak solution of ^alt, or by instilling a 
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10 per cent, solution of protargol, or 10 to 25 per cent, of argyrol. 
Ice compresses are very soothing. For the inflammation due to 
the diplobacillus of Morax and Axenfeld, the best treatment is to 
instil a 0*25 per cent, solution of zinc sulphate two or three t’mes 
a day, or a 0*50 per cent, solution once a day. When the acute 
symptoms have subsided, a little adrenalin may be added to the 
zinc sulphate solution. 

In order to prevent the sticking together of the eyelids, a 2 per 
cent, ointment of boric acid, or a ^ per cent, strength of white pre- 
cipitate ointment, may be used. 

It is almost unnecessary to state tliat no bandage should be 
applied to the eye, or that the disease is contagious, and that it is 
necessary to warn the patient’s friends of the danger of the attack. 

TheChi onic Variety may be the sequela to an acute attack, or may 
be in the form of the angular conjunctivitis due to the Morax- 
Axenfeld bacillus, or due to eyestrain or local injury by wind, dust 
or foreign bodies, or the use of alcoholic liquors. 

The symptoms are most marked at night, when the patient feels 
as though a foreign body was in the eye or has sensations of rainbow 
colours. The eyes are apt to burn and to be dazzled by light. In 
the morning the lids are stuck together. Sometimes there is 
excessive secretion, and sometimes tliere is lessened secretion. If 
neglected, this chronic variety may last for years, and may lead 
to epiphora, ectropion, or ulceration of the cornea. 

The treatment is the same as for the acute stage, but the best 
therapy is the zinc sulphate drops in the form of a ^ per cent, solu- 
tion applied night and morning. 

The Follicular Variety may occur in epidemics, and may he acute, 
when it is usually of bacterial origin; or chronic, wlien it is usually 
non-bacterial. It is cliaractcrized by the formation of small, round, 
pale granules about the size of a pin’s head, and is easily mistaken 
for conjunctivitis trachomatosa; but the granules are usually best 
marked in the inferior fornix, while those of trachoma are more 
marked in he superior fornix and tarsus, which must be most care- 
fully examined by rctroverting the lid and the retrotarsal fold in 
order to be certain that trachoma is absent. In the acute form the 
treatment is the same as for acute catarrhal conjunctivitis, but 
when chronic it is usual to apply copper sulphate treatment. An 
ointment of i in 1,000 copper sulphate or i in 100 copper citrate is 
recommended by some aiitliorities. 


Conjunctivitis Gonorrhoica. 

This is so well known that no special reference need ])e made 
to it. 

Conjunctivitis Neonatorum. 

This is usually due to the gonococcus, but may be caused by a 
streptococcus or probably by a chlamydozoon. 
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Micrococci and Conjunctivitis, 

The Dresence of Gram-negative micrococci may be due to infection from 
theslnemtive organs by thf gonococcus, but it may also be due to infection 
fwJthe nasopharynx 7ia the lachrymal ducts by the meningococcus and the 
Micrococcus catarr halts, which is merely a term for a group o 
cocci. The Gram-negative cocci of the conjunctiva may be roug ly separ- 
ated from one another by cultivation in sugar media. 


Organism. Glucos^ 

Gonococcus . . . . . . . . + 

Meningococcus . . . . . . t 

Micrococcus catarr halis 

Acid only, -| i acid and gas, f ; neither, 


Maltose. 


Conjunctivitis Trachomatosa. 

Synonym. — Ophthalmia ^Egyptiaca. 

This is exceedingly common in China, where 70 per cent, of the* 
children in Hong Kong are said to be infected. It is also common 
in many other parts of the tropics, especially in India, Japan, and 
South America; but it is also prevalent in North Africa, especially in 
Egypt, in South Africa, in Southern Europe, and in Porto Rico. 
It is an infectious disease, believed by many authorities to be due to 
a chlamydozoon described by Halbcrstaedter and Prowazek. A 
fungus — e.g., the Microsporon trachomalosum—lvds been described 
by Noiszewski, which is only distinguishable from Malassezia furfur 
by the smallness of its conidia. With regard to the chlamydozoon, 
it occurs in the cytoplasm of epithelial cells as fine granules, which 
increase in size, and separate so as to enclose a cavity at first free 
from granules, in which subsequently very minute granules appear. 

Probable etiology. — There is a growing suspicion that trachoma is essen- 
tially a disease arising from chronic urethritis in men and chronic vaginitis in 
women, because cell-inclusions of a chlamydozoan nature have been found by 
several observers in the discharge from the urethra of men suffering from 
gonorrhoea, while Castellani has found similar inclusions in a man in Colombo 
who is believed never to have had gonorrhoea. Further, similar bodies have 
been found in the vaginal discharge of women whose children have suffered 
from the form of ophthalmia neonatorum in which no gonococci or strepto- 
cocci can be found. Further, Castellani has found similar bodies in a case 
which may have been one of the rare acute inflammations of a pure trachoma 
without granule formation, and which may have been induced in the acute 
form because the woman in question was run down owing to the acute attack 
of malaria from which she suffered. This case emphasizes the fact that these 
bodies should be looked for in those so-called attacks of malarial conjunctivitis 
which are found associated with attacks of malarial fever. P'inally, Linder 
has produced a chronic conjunctivitis by transferring the secretion of vagina 
and urethra mentioned above to monkeys. This experimental conjunctivitis 
was associated with the formation of granules clinically and anatomically 
resembling the conjunctivitis trachomatosa of man. 

Method of Infection. — The infection is carried by the hands, 
towels, handkerchiefs, etc., from the sick to the healthy. There 
is no evidence of aerial transmission. The agency of flies in the 
transmission of eye disease has long been known — for example, 
Budd, in 1862, considered it proven that they transmitted ophthaT 
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mia segyptiaca; while Laveran, in 1880, announced that the same 
fact applied to the conjunctivitis seen in Biskra; and Howe, in 1888, 
stated that the number of cases of conjunctivitis in Egypt increased 
in proportion with the increase of flies, and were more prevalent in 
the Delta, where there were many flies, than in the Desert, where 
there were few. Nuttall and Jephson consider the spread of 
ophthalmia aegyptiaca by the agency of flies to be definitely proved. 
The ' pink eye ' of school-children in Florida is believed to be spread 
by minute flies of the genus Hipp elates. 

That some other actor, in addition to those mentioned above, is 
necessary to explain the epidemiology of trachoma is evident from 
the fact that the disease does not often spread to the attendants 
or to inhabitants of the same house as the infected person. This 
other factor may be some local derangement, as, for example, a 
slight attack of conjunctivitis ; or some general derangement, as, 
for example, an attack of fever. 

Pathology. — The essential feature of the disease is a round -celled infiltration 
into the conjunctiva associated with hypertrophy of the papillae of that 
membrane. 

Morbid Anatomy. — The papillae of the conjunctiva are hypertrophied and 
the trachoma grannies are formed from accumulations of round cells which are 
peripherally lymphocytes and centrally mononuclear leucocytes, with a few 
macrophages. These cells are supported by a delicate connective tissue 
wliich contains plasma cells. Pannus is a layer of new-formed connective 
tissue wliich is rich in cells and bloodvessels. 

Symptomatology. — Au acute attack may begin witli acute inflam- 
matory symptoms, oedema of the eyelids, great swelling of the con- 
junctiva, and profuse purulent secretion. On examination, the 
conjunctiva is studded with the typical nodules, but these may not 
be apparent, and may even at first be absent. These acute attacks 
may be complicated with corneal ulcers. 

A clu'onic attack often begins insidiously, tli<‘ acute phase being 
absent, very mild, or unnoticed, and usually the patient is not seen 
until the eyesight is dimmed by the pannus over the cornea. In 
other cases the disease sets in with photophobia, pain, and watering 
of the eye; the lids stick together in the morning, and there is dim- 
inution of visual acuity. The eye is not fully opened, partly because 
of the photophobia, and partly because the upper lid is swollen and 
heavy. On everting the lids, the tarsal and transitional conjunc- 
tivae are found to be swollen and red, and either velvety in appear- 
ance, or with distinct nodules which are most marked on the* upper 
lid. These nodules or granules are of considerable importance in 
the differentiation between trachoma and ollicular conjunctivitis, 
and it is to be specially noted that those of trachoma are larger in the 
superior fornix than in the inferior fornix. It is therefore important 
to examine the superior retrotarsal fold very carefully. On the 
tarsal conjunctiva the granule ^ are not so prominent, and are there- 
fore less easily seen. A trachoma granule is typically a grey, 
roundish, translucent granule, comparable to a grain of boiled sago 
in appearance. Harston’s sign is a linear groove running almost 
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horizontally outwards from the external canthus. The hyper- 
troDhv of the conjunctiva increases until some indefinite limit is 
reached when it ceases and cicatrization sets in; but if the hyper^ 
trophy is excessive, it may last for years, and the cicatrization may 
develop slowly but surely. , . • , 

The cicatrization shows itself at first as whitish striae on the tarsal 
conjunctive, which, becoming more numerous unite into a net- 
work:, the meshes of which are occupied by tlie hyi^ertrophied con- 
junctiva, which gradually diminish as cicatrization proceeds, until 
the conjunctiva becomes pale in colour. In some cases this cica- 
trization is very slight and liardly noticeable, while in others it may 
produce serious complications. 

The loss of vision is due to pannus and ulceration of the cornea, 
the former being a deposit of vesicular gelatinous tissue on the 
cornea, which becomes uneven and raised in fine projections; while 
the latter may occur with the pannus or separately. 

The sequelae of trachoma may be classified into: — 

(a) Corneal ulceration and pannus, leading to opacities. 

[h) Cicatrization, leading to (i) Trichiasis, in which the cilia arc 
turned backwards and may toucli the cornea; (2) Entropion, in 
which the border of the lid is turned backward; (3) Ectropion, in 
which the lid is everted; (4) SymUepharon posierhis, in which the 
fornix is diminished in depth, and the lid is tiglitly fastened to the 
eyeball. 

[c) Conjunctival xerosis, in which tlie conjunctiva, owing to 
atrophy, loses its secreting powers, and becomi'S dry and shrunken. 

Treatment. — The acute cases are to be treated witli silver prepara- 
tions, as described for conjunctivitis. 

When tlie follicles are well dev(‘loped it is usual to express them 
by means of a fiat Grady's forceps or by the roller forceps of Knapp, 
but this must be performed under an amesthctic. The ruptured, 
surface is then paintt'd with a solution of perchloridc of mercury 
and after oik^ or two days' interval the daily application of solrcl 
copper sulphatf' is commenced, which may be applied pure or as a 
Ginest oil's crayon, which Consists of sulphate of copper, i*o gramme ; 
orthoform, 0-5 gramme; holocain hydrochloride, 0*5 gramme; gum 
tragacanth. o*i gramme; and water as may be required. The 
above are the quantities required to make a pencil 5 centimetres 
in length. 

Harston sti'ongly recommends treatment by carbon dioxide snow, 
which has produced excellent results in many hands, and as it has 
only to be applied once a fortnight is useful for general out-patient 
work. It is, however, very painful, and this pain is not prevented 
by cocaine, which therefore need not be used. 

Hegner and Baumm have advised treatment by quartz light, 
while other methods are Galezowski's excision of the retrotarsal 
folds, Kuhnt's removal of the tarsus, while treatment by Merk's 
extract of abrin, Mayon's X-ray method, and Treacher Collins's 
radium treatment may be mentioned. 
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Epitheliosis Desquamativa. 

Synonym. — Samoan eye disease. 

Under this term Leber and von Prowazek have described a form 
of conjunctivitis which they met with in Samoa, where they exam- 
in d and treated seventy-nine fre^h infections. They consider the 
causation to be a chlamydozoon — Lyoznon atrophicans Leber and 
von Prowazek, 1911 — which is found in the milky secretion in the 
form of traclioma-like bodies, which, when coloured by Giemsa, show 
blue poles and a central lacuna. These bodies are either intra- 
cellular or extracellu'far. The intracellular bodies form what is 
commonly called a ‘ cell inclusion of small granules,’ which take 
on a violet-rsd colour when stained by Giemsa, and are called the 
‘ el mentary bodies ’ and lie in the centre, while the larger initial 
bodies lie at thej^periphcr^/. These parasites eaiise a hypertrophy 
of the cell nucleus, wliich eventually leads to an atrophy of the cell. 
The disease was conveyed to guinea-pigs. 

The symptoms begin with pain, photophobia, and livid coloration 
of the upper and lower lids, while a milky secretion is poured out, 
which is composed at first of epithelial cells only, but may become 
purulent. Granules similar to those of traclioina do not develop, 
but atrophy of the conjunctiva ensues. I'he treatment recom- 
mended is pyoktanin in the proportion of i in i.ooo to i in 100. 

Conjunctivitis phlyctenulosa. 

Tills is uot very freftuciitly met with in the tropics. It is UvSiinlly found 
in scrofulous indi vidtuds, e.nd is characterized by the presence of small 
vesicles each surrounded by a reddened zone. 

Conjunctivitis Vernalis. 

Synonyms. — Conjunctivitis .^stivalis, Spring catarrh. 

Definition.-— A chronic form of conjunctivitis, resembling con- 
junctivitis trachomal osa, but occurring in the spring and summer, 
and disappearing in the autumn and winter. 

Remarks. — Spring catarrh is apjiarently not so rare in the tropics 
as in the Temperate Zone, as Nell informs us Jhat he has met with 
thirty-eight cases in Ceylon. 

etiology.— The cause is unknown, but some authorities consider 
that it is diK' to sunlight, while others hold that it is an infection 
from the skin. 

Symptomatology.— On tlie approacli of the warm weather in 
spring the eyes begin to itch and water. The conjunctiva becomes 
red, and pliotophobia is experienced. On examination the con- 
junctiva is seen to be covered witli broad, flattened papill^, over 
which a bluish-white film is seen. The affection lasts during the 
summer, wanes in the autumn, and disappears in the winter, only 
to recur in the spring. 

Diagnosis. — The diagnosis must be made by the history and by the 
bluish-white sheen over the papillje. It resembles trachoma, but 

126 
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the granules are broader, harder, and paler, while the history is 
distinctive. . 

Treatment—Protective glasses must be worn, and zme sulphate 
lotion (J pet cent.) dropped into the eyes. If the itching is very 
severe, it is recommended to apply a few drops of a very weak 
solution of acidiiim aceticum dilutum. Iron t onics are also advised. 


Epithelial Xerosis of the Eye, 

This condition has been recorded several times from the tropics. 
Archibald has recently described very carefully three cases in the 
Sudan. The xerotic patches were situated on the conjunctiva 
external and close to the corneal margin of both eyes (Fig. 793). 
The patches were greyish-white in colour and of a soft viscid con- 
sistency; the superficial layers were readily remo\’ed with a platinum 
loop; the deeper layers, however, were more adherent to the* sub- 
jacent epithelium, which showed a brownish pigmentation. Ihe 

blood v(‘ss(ds in the vicinity of 
the ]>atclies were congested. 
There was no evidence of tra- 
choma or inflammation of the 
eyelids. Tlie whole bulbar con- 
junctiva was moist, and could 
be readily moved into folds by 
gentle pressure with a jdatinum 
loop, 'riicre was an absence of 
pain or discomfort associated 
M'ith the lesions, which appear 
to liave had a duration of 
several years. Vision was not 
impaired, and there was no 
evickmce of night-blindness. 

.^Etiology. ^ — Scrapings from 
the xerotic patches showed the 
presence of a Gram-positive 
u t • 1 , . diphtheroid organism in large 

numbers which was obtained in pure culture from the cases. This 
organism (B. xerosis Neisscr) difiered from the true Klebs-Loeffler 
bacillus in its cultural reactions, and, moreover, was non- pathogenic 
to guinea-pigs. ^ ® 

Treatment.— Attention to general health and the administration 
of cod-hver od internally is indicated. The affected eyes should be 
protected from light and daily douched with weak boric solution, 
of^protargol ^PP^'^^tion of a few drops of a i per cent, solution 

Lachrymal Sac. 

The lachrymal sac, being in direct connection with the nose is 
very liable to harbour micro-organisms and fungi, and is therefore 
a possible source of infection for the conjunctiva and cornea. 
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Cornea. 

Phlyctenular keratitis is common as a sequela to conjunctivitis 
phlyctenulosa. both of which act as common predisposing causes to 
pterygium, which, according to Harston, is extremely common 
among the Chinese. 

Ulcus Serpens Cornese. 

This appears as a greyish-white or yellowish slightly depressed 
disc near the centre of the cornea, the rest of which is clouded. It 
is associated with iritis and turbidity of the vitreous, hypopyon, 
and more or less oedema of the lids, with conjunctivitis, cyclitis, 
photophobia, and pain, except in the so-called ‘ torpid ’ cases. The 
ulcers increase in depth and extent; perforation occurs into the 
anterior chamber, which contains pus, which now escapes, and 
at the same time prolapse of the iris may o^cur. The inflammation 
now comes to an end, but panophthalmia may occur. The most 
common cause in the tropics is the pneumococcus, which may often 
be found in the nose of the same patient. The prognosis is serious. 

Treatment. — The cauterization of the ulcer and apparently clear 
border with the actual cautery is an imperative immediate treat- 
ment, followed by application of atropine, iodoform, or orthoform 
powder, or i per cent, xeroform ointment, or callary ol ointment 
3 per cent., and moist and warm compresses. Harston recommends 
douching with hydrogen peroxide as an adjuvant to the usual 
treatment, while i in 40 formalin solution is also recommended, but 
must be preceded by cocaine, as it is very painful. Perforated ulcers 
are best treated by iridectomy on each side of the synechia. Har- 
ston operates on the worst eye of the two when both are involved, 
as operative interfcTence is apt to set up a severe irido-cyclitis in 
the poorly-nourished Chinese coolie, with eventual loss of sight in 
the eye. The nasal infection must also be treated by antiseptic 
douches. 

Ins. 

Diseases of the iris arc as common in the tropics as in the Tem- 
perate Zone. Those which are specially connected with tropical 
disease will be mentioned below, but it is well to remember that in 
native races the stroma of the iris is laden with pigment, which 
probably accounts for its slow reaction to mydriatics. 

Cataract. 

This disease is said to be on the wane in the Temperate Zone, but 
is very rife in the tropics. In fact, its home is said to be in India, 
the ophthalmic surgeons of which have a great reputation. Colonel 
Smith, of Jullundur, has perfected a complicated but most successful 
operation for intracapsular extraction. 

Sometimes in the tropics it is impossible to wait until the cataract 
ripens, and operations may have to be performed on immature 
cataracts. To meet this difficulty, Nell has devised a modification 
of the usual procedure, which consists in performing a zonulotomy 
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by means of a special hook introduced through the corneal wound 
made for a cataract extraction and under the iris. After this pre- 
liminary proceeding he completes the operation by intracapsular 
extraction of the lens. 

Glaucoma. 

Acute glaucoma is rare in the tropics, while chronic glaucoma is 
common; but the signs, symptoms, and treatment are the same as 
in the Temperate Zone. The Elliot operation of trephining, with 
or without subsequent iridectomy, is recommended. 

Fundus Oculi. 

The colour of the fundus oculi depends upon the amount of retinal 
pigment present and to a less degree upon the amount of the 
choroidal pigment visible. It therefore shows variations from the 
European standard in dark and yellow races. In these races the 
amount of retinal pigment is increased, and may completely conceal 
that of the choroid, and so produce a uniform yellowish colour, as 
seen in the Chinese; or a dark reddish, or even an almost greyish- 
red colour, as seen in the various negro races. 

On the other hand, when the retinal and choroida] pigments are 
diminished, as in albinism; then the white sclerotic shows through, 
and the fundus becomes of a lighter red colour than normal. 

Sunlight. 

The effect of sunlight on the eyes has been studied by Sisson, 
who considers that there is ample proof tliat light injures the eye, 
and that it may possibly be the cause of some diseases of the eye, 
the aetiology of which is ])ut litth' understood. Schmidt considers 
that nyctalopia and hemeralopia may be causc'd l')y excessive light. 
The use of protective xanthophylline glasses is recommended. 

B. EYE COMPLICATIONS OF TROPICAL DISEASES 

Malaria. 

Malaria is held to be responsible for conjunctivitis, serpiginous 
corneal ulcers, malarial iritis, and retino-choroiditis, as well as 
amaurosis. 

Until a few years ago, the majority of the fevers of the tropics, 
including enteric fever, were classified as malaria, and any locil 
affection of an unknown nature was also classified in the same 
manner. The case of conjunctivitis in which one of us found cell 
inclusions would a few years ago have been named malarial. We 
are therefore of the opinion that the existence of malarial conjunc- 
tivitis has not been proved. 

Keratitis Dendritica. — This keratitis is that variety of herpes 
corneas febrilis (sometimes called 'herpes c( rneje zoster’) which 
gives rise to those ulcers (formed from the ruptured herpetic 
vesicles) which extend in certain directions only as grey forked 
striae with lateral branches, which break down, thus forming a 
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branched ulcer with grey margins. The ulcer then becomes clean, 
and heals after one to three months, leaving a branched opacity of 
the cornea. This is one form of corneal ulcer to which the name 
serpiginous ' is given, but it equally applies to ulcus rodens and 
keratitis marginalis superficialis, which, as far as we know, have 
never been stated to be of malarial origin. Keratitis dendritica 
was first described by Kipp in America, who stated that nine out 
of every ten cases were malarial. 

The treatment must be that described for malaria, as well as con- 
stitutional, and it is usual to recommend that the ulcers be treated 
by a piece of blue stone whittle d to a fine point, and carried carefully 
along the furrow made by the ulcer, or by careful cauterization by 
the actual cautery. 

Keratitis Profunda — Synonyms . — Keratitis parenchymatosa cir- 
cumscripta, or Central parenchymatous infiltration of the cornea. 
This is said by Arlt, among other causes, to be brought about by 
chronic malarial cachexia. It begins with a grey opacity, situate 
in the middle and deep layers of the c uatre of the cornea, and over 
which the corneal surface is grey and punctate. vSeen with a 
inagnifying-glass, the opacity resolves into dots and maculai, or grey 
interlacing stride. After rc'maining four to ciglit weeks, it slowly 
abates without ulceration. The iris may be hypci'cemic, and there 
may or may not be symptoms of inflammation of the cornea, which 
may recover completely, or with some opacity. The treeitment 
would be the same as for malaria, but it must be definitely slated 
that the cause' is unknown. 

Iritis. — Secondary iritis is said to be very rarely caused by 
malaria, but even this is open to doubt. 

Vitreous Opacities. — Haemorrhage and serous effusion have been 
described. 

Amaurosis. — -Malarial amaurosis is described in Chapter XL., 
p. Ii8l, under the term ' Amaurotic Pernicious Fever,’ but may 
occur, not merely during an attack of malaria, but as a sequel, 
and as such was described by Jacobi in 1868, and later by Chiarini. 
It is due to atrophy of the optic nerve. 

Retino-choroiditis. — This was first described by Poucet as occur- 
ring in chronic malaria, but it is also found in the acute and in the 
chronic forms. In the acute affection the vessels of the retina are 
filled with corpuscles, many of which contain malarial parasites. 
In the choroid the larger vessels contain pigmented leucocytes, many 
of which contain red corpuscles with malarial parasites. The retina 
is hazy, the papilla is obscured, and there are retinal haemorrhages. 

The amblyopia may be temporary or permanent. In the chronic 
condition there is atrophy of the capillaries of the choroid. The 
macular region shows small whitish dots, in the centre of which 
retinal pigment can be seen. These changes extend t o t he periphery. 
Pathologically, they are coloid masses in Bruch’s membrane. 

Suppurative Uveitis. — Suppurative choroiditis, leading to destruc- 
tion of the eye, has only been described by Pemnoff. 



20o6 


DISEASES OF THE ORGANS OF SPECIAL SENSE 


Accommodation Paralysis. — Accommodation paralysis and spasm 
of the muscles of accommodation have been described by Bull and 
Slitting. 

Trypanosomiasis. 

Choroiditis, cyclitis, iritis, and optic neuritis of a temporary 
nature, are reported as occurring in sleeping sickness, as well as 
engorgement of the iris and loss of the light reflex, with wide dilata- 
tion of the pupil. 

Relapsing Fevers. 

Irido-cyclitis, or iritis, is a frequent complication of the relapsing 
fevers, and though it ultimately ends in a cure, it is usually pro- 
tracted. 

Plague. 

Conjunctivitis is common in plague as an initial symptom; later 
a plastic uveitis with hypopyon and keratitis may occur, and call 
for special treatnu'nt by administration of mercury, local installa- 
tion of atropine, and blood extraction by leeches. 


Leprosy. 

In tubercular leprosy yellowisli translucent nodules of a non- 
vascular nature may develop in tlie conjunctiva near the cornea. 
Iritis and cyclitis, with or witfjout tlK‘ formation of nodules, may 
occur. According to Wood, more than half the amestlietic lepers 
of South Africa suffer from eye complications — e.g., paralysis of the 
orbicularis palpebrarum, (‘ctropion of the lower lids, epiphora, 
corneal opacity, and ulcerations. Of the tubercular lepers he says 
90 per cent, are affected in tlie first t (‘ii years of the disease, and if they 
survive they become blind. I'hcy suffer from invasion of the lids, 
conjunct iv.'C, sclerotic, cornea, and iris by the disease, and in addition 
may suffer from ])aralysis of the ciliary muscle and irido-cyclitis. 
Heymans finds lagophthalmos to bc*co]nmon. In 1915 Stanziale pub- 
lishi'd experiments on tlu' (ye of rabbits, injecting leprotic material 
into the coriu'a. 

Cholera. 


Focal necrosis in tlu' conu'a and conjunctiva has been reported in 
convales' enc(' from cholera, while a form of cataract depending 
upon the abstraction of water takes place at times in the last stage 

of the disease. _ 

Dysentery. 

Conjunctivitis, keratitis, iritis, and irido-cyclitis are reported in 
dysentery, both anunebic and bacterial. 


Hikan. 

Under this term a curious disease is described by various ob- 
servers, among whom Jeanselme and Risb. The main symptoms 
appear to be hemeralopia, xerophthalmia, dryness of the skin, and 
diarrhoea occurring in young children in Russia, Brazil, and Japan. 
The causation is unknown, but treatment by cod-liver oil is said to 
be very efficacious. 
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Quinine. 

Amaurosis associated with complete deafness may set in after 
doses of less than i gramme of quinine, though more usually after 
a dose of 3 grammes and upwards. The amaurosis gradually dis- 
appears, leaving an amblyopia with a much contracted field of vision. 
This result is due to a destruction of the ganglion cells of the retina 
by the quinine, after which a degeneration of the optic nerve sets in. 

The symptoms are a blanching of the retina and disc, due to spasm 
of the vessels, and loss of the pupillary light reflex, the pupils being 
widely dilated. It should be differentiated from the malarial 
amaurosis. In the former the pupils are usually widely dilated, 
and do not react to light, while in the latter they do react to light. 

The deleterious effect of therapeutic doses of qaiiiine has often been ex- 
aggerated. Doses of 10 to 15 grains may usually be given three times daily 
for long periods of time without any damage to the eyes. Jamieson and 
Lindsay have noted that even when the visual fi'dd is found to be contracted, 
the prognosis is good and ultimate expansion of the field may be expected. 


Atoxyl. 

Sudden amaurosis may be caused by atoxyl. 

Animal Parasites. 

Ocular Paragonimiasis. — Cysts conUiiiimgParagomnms loestermanni 
have been reported as occurring on the eyelids and orbit, and so 
hindering tlie movements of the eyeball and obstructing the vision. 

Ocular Filariasis. — Loa loa has b(*en noticed in the ocular and 
palpebral conjunctiva [vide pp. 645 and 1972). 

In addition to paragonimiasis and filariasis, the following parasites 
occur in the eye or its adnexa: Agamodisiomnm ophihalmohium 
Diesing, 1850; Monostomum lentis von Nordmann, 1832 (both of 
which may be stages of Dicrocceli'itm lanccatiim vStiles and Hassell, 
1896); Spavganum mansoni Cobbold, 1883; Againofilaria ociili 
von Nordmann, 1832; Agamofilaria palpehralis Pace, 1867, 
nec Wilson, 1844; Dermanyssus gallince l)e Geer, 1778 ('which may 
be seen as a dark spot embedded in the c('>rnea) ; Demodex follicii- 
lorum Simon, 1842, which is found in tin' Meibomian glands, and 
may cause a blepharitis. The larvae of J)ermaf<Ma cyaniveniris 
Macqiiart, 1843, has been found by Malgahaes under the palpebral 
conjunctiva and in the lachrymal sacs in Brazil. A larva of Sarco- 
phaga magnifica Schiner, 1862, has been found in the anterior 
chamber of the eye, and a larva of a species of Necrobia in a sclerotic 
tumour ; but for afuller account of ocular myiasis see Chapter LXVII. 

Cysticerctis celkdosce has been found in the choroid, which it may 
leave, and, passing under the retina, may cause detachment; later 
it may perforate tlae retina and enter the vitreous, or it may enter 
the retina or the ciliary region, and so pass directly into the vitreous, 
where it appears as a bluish- white bladder, with or without a pro- 
truded head. The eye may be destroyed by irido-cyclitis. Echino- 
coccal invasion is very rare. 
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Ophthalmomycoses. 

Definition. — DiseawScs of the eye and its adnexa caused by various fungi. 

History.— The word mycosis was introduced by Virchow to signify a disease 
caused by fungi, being first used for aspergillosis oi the lungs. I he interest 
in fungi as causes of disease was first aroused by Grub}^ who in 1847 appeap 
to have noticed fungal structures in lachrymal concretions, although he did 
not publish his observations. Helmbrccht and Kobin were the first to actually 
assign a disease of the eyes to the action of fungi. They observed a fungus, 
which they called Leptomitus, in a case of conjunctival inflammcition asso- 
ciated with epiphora. In 1854 Gracffc described the fungal nature of 
lachrymal concretions, and in 1873 Cohn showed that these fungi belonged to 
the genus Streptothrix [Nocardia). In 1879 Leber discovered the first case of 
keratomycosis caused by Aspergillus fumi gains. From this date until com- 
paratively recently fungi went out of fashion, being replaced by interest in 
bacteria, but with the revival of interest created largely by Sabouraud eye 
diseases were again investigated, and in 1906 De Beurmann and Gougerot gave 
an account of ocular sporotrichosis, and in 1907 Danlos and Blanc of palpebral 
sporotrichosis, and Morax described a form of kerafomycosis caused by 
Glenospora graphii, and Liegard and Landi icu a form of conjunctivitis due 
to Nocardia dassonvillei, while in 1912 Landrieu reviewed the whole subject 
of ocular mycoses in a singularly able manner. 

Fungi. — The following fungi have been recognized in various diseases of 
the eye: — 

A. Order Ascomycetes. 

I. Suborder Gymnoacei^s. 

(^f) h'ainily Sacudiaroinvctdes. 

( 1 ) (ieii us Crv])tococcus. 

C . dcvinaUti dis Gilchrisl and Stokes, 1898. 

(2) Genus Saccharoinyc(\s, several sj)eci('s. 

{h) Family Gymnoasccae. 

(t) Genus Microsporon. 

At. laiio$\im Sabouraud, 1907. 

(2) Genus Trichophyton. 

7 '. ionsuraiis Malmsten, 18^5, and other species of the 
same genus. 

(3) (tcuus Achorjon. 

A. schoenleini Lebert, 1845 

II. .Suborder Carpoascees. 

h'amily ] ku isporiacc'ae. 

Genus Aspergillus. 

A. fiimigatus Fresenius, 1773. 

B, Order HYrnoMYCETES. 

(1) Genus Nocardia. 

N. bovis Harz, 1877. 

N. israeli Kruse, 1896. 

N . foevsteri Cohn, 1874. 

N. dassonvillei Broeq-Rousseau, 1907. 

(2) Genus Monilia. 

M. albicans Robin, 1853, and other species of the same genus. 

(3) Genus Glenospora. 

G. Siebenmann, 1889. 

(4) Genus Sporotrichum. 

S. Matruchot and Ramond, 1905. 

Pathogonicity. — The ocular diseases caused by the above fungi may be 
grouped as follows : — 
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Fungus, 

Cryptococcus dermatitis and various species of the 
genus Saccharomyces 
Microsporon lanosum ] 

Trichophyton tonsurans t 
Achorion schoenleini I 

Aspergillus fumigatus . . 

Nocardia bovis 'I 

Nocardia Israeli | 

Cohnistreptothrix foersteri ‘ * 

Nocardia dassonvillei j 

Monilia albicans and other species of the same genus 
Glenospora graphii 
Sporo trichum beurmanni 


Disease, 

Ocular Blastomycosis. 
Ocular Tineae. 

Ocular Aspergillosis. 

Ocular Nocardiases. 

Ocular Moniliasis. 
Ocular Glenosporosis. 
Ocular Sporotrichosis. 


Ocular Blastomycosis. 

Ocular blastomycosis is seen in the form of Palpebral Blastomycosis, which 
begins as papules which increase in size and give rise to pustules covered with 
crusts, and, later, to a warty condition, which may become red, moist, and 
granular. In other cases a subdermal nodule is formed, whicli may ulcerate. 
The causal agent is Cryptococcus dermatitis Gilchrist and Stokes, 1898. The 
diagnosis is made by culture of the fungus. 


Ocular Tine®. 

Tinea palpebrarum may be caused by Microsporon lanosum Sabouraud, 
1907, by various .species of Trichophyton, of which that most commonly found 
is T. tonsurans Malmsten, 1845. These fungi may or may not attack the 
cilia. If they do so, then small yellow crusts will be seen surrounding a 
ciliurn. On the removal of these crusts, small pustules will be seen. When 
they do not attack the cilia, they give rise to herpetiform lesions on the eye- 
lids proper. The diagnosis is made by culture of the fungus. The treatment 
consists in epilation, warm compresses, and tincture of iodine. 

Achorion schoenleini Lebert, 1845, the fungus of favus, may also attack the 
eyelids. 

Ocular Aspergillosis. 

About two days after a slight traumatism to the eye, irritation is felt, fol- 
lowed by pains, and the formation of an abscess, and later an ulcer. The 
diagnosis can only be made by the microscopical or cultural examination of 
scrapings from the ulcer or of the pus from the abscess. The treatment 
consists in curetting and applying a lotion of silver nitrate and atropine drops. 


Ocular Nocardiases. 

Actinomycotic conjunctivitis was first described by Demich^ri in 1899, 
actinomycotic corneal ulcers by de Bernardinis and de Donna in I9C'5, and 
miliary actinomycotic metastases in the choroid by Muller in 1903. Con- 
junctivitis due to N . dassonvillei has been recorded by Li^gard and Landrieu 
in 1911. 

Ever since the days of C^soin in 1670 lachrymal concretions have from time 
to time been recorded, but their parasitic nature was not recognized until 
Gruby in 1848 found that they were really fungal in origin. This fungus is 
known to be Cohnistreptothrix foersteri. The concretions occur in the form of 
minute grains in the lachrymal sac, from which they can easily be removed. 


Ocular Moniliasis. 

Monilia albicans Robin, 1853, one of the organisms of ' thrush,’ may very 
rarely attack the conjunctiva, as first described by Piehler in 1895. Cases 
due to Monilia tropicalis Castellani and other species have been seen by us in 
Ceylon. 
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Ocular Glenosporosis. 

So far, only one case in the cornea is recorded. It was found in 1910 by 
Morax. 

Ocular Sporotrichosis. 

Sporotrichal infection of the eyelids, conjunctiva, lachrymal sac, and iris 
have been recorded, but are as yet rare. The first case was found in 1905 
by Danlos and Blanc, the second case in 1908, the third in 1909. Four cases 
were recorded in 1910, and three in 191 1, and several in 1912. 


DISEASES OF THE EAR. 

The diseases of the ear in the tropics require more attention 
than has hitherto been bestowed upon them. The majority are 
believed to resemble those found in the Temperate Zone. A few 
remarks will be offered with regard to the diseases of the auricle, 
of the external auditory meatus, and with regard to ear complica- 
tions in tropical diseases. 

The Auricle. 

Deformities of the lobule are common among Indian girls and 
women, who drag the lobule into a long, pendulous loop by means of 
heavy golden ornaments, or, failing these, by pieces of other metals 
or even wood. A similar condition is reported by Castellani, 
Bland-Sutton, and others, as occurring among the Masai and the 
Kikuyu people of East Africa. 

Nepaul Tumour. — In 1833, Campbell, and in 1835, Bramley, drew 
attention to a peculiar disease of the skin of the auricle which was 
endemic in the village of Nilkantha, situate in one of the Nepaul 
valleys, at the foot of the Shcopuri Hills. The disease begins as a 
small firm swelling of the skin on the external aspect of the auricle, 
which is elastic to the touch, and which increases until it reaches 
the size of a pigeon’s egg in four to eight weeks. It is adherent 
to the subcutaneous tissues, but is .slightly movable. If it grows 
rapidly, the superjacent skin becomes bluish, and a painful feeling of 
tension is produced. If the swelling is punctured, a thick whitish 
fluid exudes. It grows until it reaches t lie size of an orange or of a 
child’s head, and it may attain .such a size that it reaches to the 
patient’s shoulder. AftcT a time its contents soften and become 
absorbed, while the sac of the tumour shrinks, leaving the ear 
much thickened and sliapeless. Usually bofh ears are affected, 
and sometimes a succession of tumours, one after the other, may 
take place. Ihe causation is unknown. It is more common in 
women than in men, Campbell thinks that it occurs associated 
with goitre, which would suggest a parasitic causation, but Bramlev 
IS opposed to this view. 

It is curious that there is so little literature on this subject, and 
that neither Scheube nor ourselves are acquainted with any further 
papers describing this disease. 


Llpoma.—Lipoma of the lobule of Ihe ear, often on both car.s, is reported in 
Lo^go. This tumour may reach the size of a walnut or a child’s head, and 
1. thou^ght to be due to the fact that the negroes bore their ears with thorns 
or with pomted strips of palm-leaves, which are retained in the lobe of the ear 
lor some time. 
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Fibromata. — We have often met with soft small fibromata 
attached to the lobules of the ears of the negroes on the Gold 
Coast, which can readily be removed. Perhaps the lipomata of 
Loango are really soft fibromata. 

Keloid. — Keloid is met with on the auricle in West African natives, 
arising after insignificant wounds, such as ear-piercing, etc., and may 
form large tumours. 

External Auditory Meatus. 

Foreign Bodies are commonly met with in the tropics, and may 
consist of animate objects, such as beetles, flics, etc.; or inanimate 
objects, such as pieces of wood, etc. Usually their presence can 
easily be determined by inspection, which should always be carried 
out before any treatment is resorted to. The first treatment should 
be to attempt to wash the body out of the meatus by means of 
hot boracic lotion and an ear syringe, unless the body be a pea, bean, 
or grain of maize, because these would bc^come swollen with the 
water. Under these circumstances, it is better to instil some 
glycerine mixed with a litth' rectified spii it and solution of cocaine, 
which causes them to contract, when a camers-hair brush dipped 
in thick collodion may be carefully applied to the object. After 
waiting a little time for the collodion to set, traction can be made 
and the object removed. Failing tlicse, attempts must be made 
to remove the body by Giiye’s fenestrated forceps, Politzer’s gouge 
forceps, Troltsch’s aural hook, an aural curette, or, in the case of 
impacted steel bodies, t he electro-magnet. If there is much swelling 
of the mucous membrane of the passage, it may be necessary to 
apply a solution of cc^caine and adrenalnie, after wjiich extraction 
may be attempted. It is often advisable to administer an anaes- 
thetic if a body is impacted in a child’s ear. If all attempts fail, 
an operation is necessarv.wliich is generally performed by d taching 
the auricle from behind and exposing the bone wall of the external 
auditory meatus, a portion of which is removed if necessary. 

Animal Parasites. — Apart from foreign bodies, the following 
animals have been found parasitic in the external auditory meatus: 
CheyletidcB : C. heylcfus, C. emditiis Sclirank, 1781. TyroglyphidcB : 
Rhizoglyphus parasHicus Dalgetty, 1901. DemodicidcB : Demodex 
folliculoriimSmon, 1842. Larvae belonging to the Anthomyidae, to 
Sarcophaga carnaria Liniueus, 1758, to Wohlfartia magnifica Schiner, 
1862, and to Chrysomyia maccUaria Fabricius, 1794. 

Otomycosis. — Otitis externa parasitica, or eflomycosis, is fairly 
common in the tropics, and is due to a number of fungi, among 
which may be mentioned: Mucor pusillus Lindt, 1886; LicMheimia 
corymhifera Cohn, 1884; Lichfheimia ro.mosa Lindt, 1886 (these cause 
otomucormycosis); Saccharomyces ellipsoides Rhees, 1870; Monilia 
rhoi Castellani, 1909; Aspergillus fumigatus Fresenius, 1775; Asper- 
gillus niger von Tieghem, 1867; Aspergillus flavus Dc Bary, 1870; 
Aspergillus malignus Lindt, 1889; AspergUhis repens De Bary, 1870 
(these cause otomycosis aspergillina) . 
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These fungi cause mild inflammations of the external auditory 
meatus, and are found not merely in natives, but also in Europeans. 

If they grow superficially, they cause no symptoms; but if they 
penetrate into the mucous membrane, they give rise to itching, and 
sometimes to pain. If they grow into the cerumen, they may give 
rise to blocking of the passage, and cause tinnitus aurium and 
deafness. 

On inspecting the ear, it will be seen that the wall of the auditory 
meatus is covered with a white or black macerated mucosa. The 
diagnosis can be made by microscopical examination, and, if neces- 
sary, by cultivation. The treatment is to syringe with a watery 
solution of peroxide of hydrogen, or peroxide solution (2 parts) and 
alcohol (i part) once or twice a day, followed by the insufflation of 
boracic powder, or, if there is eczema, some boracic ointment. 
Damond recommends injecting a few drops of a dilute solution of 
sodium iodide, followed by the injection of the same amount of 
12 volumes hydrogen peroxide. 

Hypersecretion. — Excessive secretion of the pi'oducts of the ceru- 
minous and sebaceous glands of the external auditory meatus is 
common in the tropics, and is probably induced by some hyperaemia, 
perhaps in part due to irritating dust, and partly to the hot, damp 
air. As a rule both ears ar(‘ affected, giving rise to a sensation of 
fulness and heaviness in head, diminution in hearing, and tinnitus 
aurium, and more rarely to aiitophony, while pain is rare, though 
neuralgia may occur, and reflex coughing. The diagnosis is easily 
made by seeing the brownish-red or black mass filling up the 
meatus. 

If the plug is soft, it can easily be removed by warm syringing; 
if hard, it requires to be softened by a warm solution of bicarbonate 
of soda (20 grains to i ounce of water) or glycerine of borax, and 
then to be removed by syringing. If deafness persists after the 
cerumen has been removed, it is necessary to inflate the middle ear 
by a Politzer’s bag, which must be used with care. 

Otitis Externa Circumscripta.- - Boils due to the entrance of 
pyogenic germs into a sebaceous gland or hair-follicle are not rare. 
They usually cause much pain, which is aggravated by moving the 
jaw or touching the auricle, and may cause toothache, salivation, 
and vertigo. 

The treatment should be to relieve pain by cocaine, and the 
meatus should be lightly packed with gauze soaked in weak carbolic 
lotion. Later an incision may be made into the boil with a Dundas 
Grant's furuncle knife, and the meatus dressed with carbolized, 
glycerine on gauze. To relieve the irritable condition of the meatus, 
which often persists after the boil has been relieved, a little cocaine 
or boracic ointment combined with lanoline may be applied, and a 
general tonic prescribed. 

Otitis Externa Ossiileans. — Miiller has described a diffuse inflammation of 
the mucosa of the external auditory meatus in the tropics which often invades 
the periosteum and leads to ossification, and may cause exostosis. 
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Deaf and Dumb. 

The number of deaf and dumb people is relatively high in certain 
parts of the tropics — e.g., in Ceylon there are 9 deaf and dumb 
males and 7 females out of 10,000 persons of each sex. In India 
there are 6 males and 4 females out of 10,000 persons of each sex. 
There is a deaf and dumb school in Ceylon. 

M^niferc’s Disease. 

This disease, which is characterized by severe tinnitus, and vertigo 
is often met with in the tropics. It occurs especially in planters, who 
are exposed to the midday sun. The patients frequently recover 
on their return to the Temperate Zone. Large doses of bromides 
are useful. 

EAR COMPLICATIONS OF TROPICAL DISEASES. 

Leprosy. 

The lobules of the ear are especially liable to be attacked in 
tubercular leprosy, and are usually left long and thickened when 
the disease has abated. 

Quinine. 

The prolonged or considerable use of quinine may cause simple 
hyperaemia of the labyrinth, and may be associated with middle- 
ear congestion, as de cribed by I^irchner. The symptoms are 
usually tinnitus aurium and deafness. It is bilateral, and comes 
on gradually. The quinine should be stopped, and bromide of 
ammonium prescribed, and afterwards euqiiinine, associated with 
bromides, may be administered. 

Arsenic. 

A native treatment for ear disease in the Dutch East Indies is 
by the application of a powder, Warangangpulver, containing some 
90 to 96 per cent, of arsenious acid. According to Benjamins, this 
may lead to destruction of the auricle and obliteration of the 
external auditory meatus, with sometimes necrosis of the bone, 
and even fatal haemorrhage from the internal carotid artery. 

Malaria. 

Reports of suppurafive otitis media being caused by malaria cannot be 
accepted as proven, but intermitte-' 1 otalgia, intermittent attacks of deafness, 
and labyrinthine vertigo may be of malarial origin, especially if relieved by 
quinine. 


DISEASES OF THE NOSE. 

Disease of the nose is intimately connected with disease of the 
ear, and to a less degree with disease of the conjunctiva. The 
acute catarrhal rhinitis, or common cold, may be induced by pro- 
longed exposure to the sun’s rays, as well as to chills, and is in every 
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case an infection, though it is difficult to determine the actual 
micro-organism causing the disease. The commonest organism is 
the Micrococcus catarrhalis. The tropical affections, are, however, 
described in Chapter LXXXL, p. i^75- 
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PRELIMINARY REMARKS. 

In this chapter we begin a brief review of the more important skin 
diseases of the tropics. As this Manual is not a work on skin diseases, 
but is intended for the tropical practitioner, we have arranged these 
disorders from the standpoint of the practical physician, and have 
avoided a scientific classification. The chapters include pyogenic 
infections; fungal diseases, with the mycetomas considered 
separately ; the dermatites due to plants; ulcers; the dermatites 
caused by animals; disorders of sweating and of nutrition; and 
miscellaneous and cosmopolitan diseases. 

PYOGENIC INFECTIONS. 

The skin diseases which we gather together under this heading 
are all caused by the pyogenic cocci, and may be distinguished as 
follows; — 

A. Skin between the primary lesions not inflamed : — 

I. Non-follicular — The Pyoses. 

II. Follicular — The Folliculites. 

B. Skin primarily inflamed — The Pyogenic Dermatites. 

THE PYOSES. 

Definition. — A pyosis is a non-follicular dermal infection char- 
acterized by the appearance, on apparently healthy skin, of 
vesicles or bulke, the contents of which rapidly become purulent. 
It is not associated with general symptoms, except slight fever 
in the early stages at times, and is due to the action of pyogenic 
micrococci. 

Remarks.-”- The type of this variety of dermal affections is 'Pyosis 
mansoni' named in honour of Sir Patrick Manson, G.C.M.G. 

Varieties. — A number of ‘ pyoses ’ are known to exist in the 
tropics, and these may be differentiated from one another as 
follows ” 
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A. Primary lesions usually small : — 

L Situate typically in axillary and crural regions, with- 
out crusty lesions — Pyosis mansoni. 

II. Situate on arms and legs, with thick crusty lesions — 
Pyosis tropica.% 

III. Situate on palms; rare; no crusty lesions — Pyosis 
palmar is. 

B. Primary lesions usually large : — 

I. Typically bullae without bright yellow crusts — Pyosis 
corletti. 

11. Typically large vesicles forming circular bright yellow 
crusts — Pyosis discoidcs. 


Pyosis Mansoni. 

Synonym. — Pemphigus contagiosus (Manson). 

Definition. — Pyosis mansoni is a pyosis with primary lesions, 
usually small, but mixed with bullae and affecting the axillary and 



Fig, 794. — Pyosis Mansoni. 


scroto-crural regions. It is very common in the damp regions of 
the tropics. 

Historical and Geographical. — ^This dermatosis was first described 
by Manson under the term pemphigus contagiosus. It is very 
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common during the hot season in China, the Malay Peninsula, 
Ceylon, and Southern India, and probably in many other parts 
of the tropics. Castor has reported it from Burma. Very often 
epidemics occur among the crews of men-of-war stationed in the 
tropics, as observed by Clayton, or in cfhces, as observed by 
ourselves. 

etiology. — Manson found a diplococcus; other observers have 
described Leishmania-like bodies; in Clayton’s and onr experience 



Fig. 794 a. — Pyosis Mansoni. 

Same case as Fig 794, but more magnified. 


the examination of the contents of the vesicles shows the presence 
of cocci generally arranged in pairs, and having often a gonococcus- 
like shape. They are, however. Gram-positive, and in cultures 
present all the characters of the Aurococcus aureus and alhus. The 
disease is probably spread by contact. 

Symptomatology. — ^The affection has nothing to do with that 
group of diseases to which writers on dermatology apply the term 


2020 


PYOGENIC DERMAL INFECTIONS 


‘ pemphigus/ for it is much more closely related to ippetigo , of 
which we consider it to be a variety. The eruption attacKsgener- 
ally the axilla, the inguinal and crural regions, from whence it 
often extends to the abdomen and back and limbs, rarely affecting 
the face. It is extremely contagious, and is generally more severe 
in individuals who perspire profusely and suffer from prickly heat. 
The eruption is made up of flattened, roundish vesicles, which 
quickly enlarge to the size of a small pea. Very large, flabby, 
pempliigoid bullae may occur, but not very frequently. The 
contents are at first transparent, but soon become turbid, llie 
vesicles are often surrounded by a pinkish or reddish inflammatory 
halo. On being pricked, the vesicle collapses. The eruption 
does not usually affect the general health, but may be very per- 
sistent, and may be followed by crops of boils. As soon as the 
patient goes to the hills or to a cool climate it disappears spon- 
taneously. 

That the malady is merely a type of pyosis or impetigo due to the usual 
pyogenic cocci is shown by some cases presenting the typical bullae on the 
axillar);^ regions, and soon after or — though rarely— at the same time boils 
on the arms and legs and impetiginoid lesions on the face. 

Diagnosis. — ^This is generally easy, the only difficulty being with 
cliicken-pox. The absence of fever and the situation of the vesicles, 
which in pyosis mansoni usually appear in the crural or the axillary 
regions, however, should be sufficient to exclude this. The absence 
of crusty lesions differentiates the disease from the common type 
of impetigo contagiosa. 

Prognosis. — 'bin' eruption is very j)ersistcnt, but does not affect 
the general health, except when complications such as boils develop. 

Treatment. — In scvctc case's treatment by an autogenous vaccine 
may be tried. Locally the affected regions should be disinfected 
regularly twice daily with a solution of per chloride of mercury (i in 

2.000) , carbolic acid (2 per cent.), permanganate of potash (i in 

4.000) , liydre)gen peroxide (10 percent.), cyllin (i in 30o),lysolor 
lysofemm (2 to 5 per cent.). AfteT this the vesicles are pricked, and 
the parts again waslied with the disinfectant, an antiseptic powder 
being then thickly applied, such as: — 


Xcroform . . 


• • 

Acidi bonci (liiudy powdcrec 

1) 

• • 31 

vcn. .. 


•• 5 ^ 

ITiropluTi . , 


•• 3 i 

'J'aki von. . . 


. . 51 

Dermatol . . 


• • 3 i 

'J'ak i vcn. . . 




In some patients an ointment (eiirophen, 2 per cent.; protargol, 
5 per cent.) answers better; the protargol ointment shoulcl never be 
used for the face in Europeans, as it discolours the skin after a 


time. It may be noted that in our experience tlie wliite precipitate 
ointment (i per cent.), wliicli is so efficacious in the’^usual impetigo 
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)f^£ihc., Tei Q pcrate Z .QaQfr^lias 3:ia:y,iitiIa.jQjLjaQ. jefiect ^ in pyosis man- 
After the eruption has disappeared, it is advisable to use" 
some Condy s lliiid or otlier disinfectant in the bath to prevent 
relapses; and, if the skin is not too tender, a formalin soa]) may be 
regularly used. The underclothing should 1 h' regularly dusted with 
one of the above powders. 


Pyosis Tropica. 

Synonym. — Pyosis Castollami, Kurunegala ulceis, Pyosis Taffr a. 
Definition. — Pyosis tropica is charactt'rized bv the presence of 
numerous crusty lesions on the legs and arms, caused by pyococci. 
Historical.- -Under the name . 


' pyosis tropica ’ Castellani de- 
scribed in 1909 a skin disease very 
common in Ceylon and Southern 
India. In Ceylon it is called by tlu‘ 
natives Kurunegala sore, as it is 
especially common in that district. 
Pyosis tropica has been reported 
from other tropical countries. It 
has been observed, in 1912, in 
Tripoli by Uabbi and Sabella; in 
the Anglo-Egyptian Sudan by 
Clialmers and (Vparrell, in 191 j: m 
South Africa by Ricouo, in I9 t(); 
and by Pij] er in 1918. 

>Etiology. -Idle diseas(‘ is prob 
ably due I0 tlie usual jiyogenic 
cocci, and is allied to the ordinary 
iinjietiginous and ecthymatous 
conditions, though much more 
severe. Chalmers and O’Farrell 
grew an organism from their case 
which, differing somewhat from 
the other species of aurococcus, 
was called by them Aurococcus 
fro pic us. It was held to be causal 
because a vaccine made from it 



rapidly cured the case, but had no 795 — Pyosis Tropica, 

effect on a case of Nile boils; but 'J'he while patches artMn reality 
in other cases other varieties of thick yellow crusts. 


pyogenic cocci may be causal. 

Symptomatology.- — The patient, generally a young boy or girl, 
though adults may also suffer from it, presents on the legs, arms, and 
occasionally all over the body, except the face, numerous crusty 
lesions, occasionally rupia-like, of a dirty blackish or yellowish 
colour. If the thick crust is removed, a shallow ulcer with an 


irregular margin and granulating fundus will be seen, or a small, 
flattened, or hemispheric nodule the size of a pea, with a pinkish. 
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smooth surface. Besides these large lesions, small papulo-vesicles 
and minute pustules are often presefit. The larger lesions are 
frequently surrounded by a halo of hyperpigmentation. There is 
severe pruritus. On healing, also, the ulcers and nodules leave a 
zone of hyperpigmentation or, more rarely, dc pigmentation. ^ In 
chronic cases plaques of hyperkeratosis may develop, especially 
on the exterior regions of the arms and the elbows. 

Diagnosis. — On superficial examination, the disease might be 
easily mistaken for framboesia . In contrast to frambcesia, the 
ulcers are superficial, and the nodules, when present, are generally 
smaller, have no moriform surface, and in scrapings from the lesions 
the Treponema pertenue Castellani is absent. From scabies it is 
distinguished by the absence of burrows and absence of the A earns. 
From ecthyma, to which it is closely related, the condition differs by 
the fact that, on removing the crusts, besides the ulcerative lesions, 
rather large, smooth hemispheric nodules may be seen. 

Prognosis. — The disease is very persistent, but the general 
health is not affected. 

Treatment. — If the disease is not properly treated, it has a 
tendency to become chronic. In some cases the opsonic treatment 
gives satisfactory results. Tlie vaccine should be prepared with 
staphylococci grown from the lesions. It has been used by 
Castellani with good results in Ceylon in 1910, by Chalmers and 
O ’Farrell in 1913, and by Pijpcr in 1918. Chalmers and O’ Farrell 
gave with success 250 millions of an autogenous vaccine to an 
adult, and repeated it in three days; Ihjpcr treated children with 
4 to 5 millions of an autogenous streptococcus obtained from a 
case, or by a mixture of streptococci and staphylococci. The local 
treatment consists in removing the crusts by soaking them with a 
salicylic oil made according to the following formula: — 

Acidi salicylici . . . . . . . . . . gr. xxx. 

Olci ricini .. .. .. .. . . q.s. 

C)lei olivae . . . . . . . . . . ad ^iv. 

or by compresses soaked in hot boric lotion. 

All the lesions are tlien disinfecled with a solution of perchloride 
of mercury (i in 1,000), carbolic acid (2 per cent.), cyllin (i in 300), 
or permanganate of potash (i in 4,000). A slightly antiseptic 
ointment is then applied, such as europhen (2 per cent.), iodoform 
(2 per cent.), protargol (5 per cent.), calomel (5 to 10 per cent.). 
An ointment which in our experience is often efficacious is /^-naph- 
thol gr. ii.-v., acidi carbolici gr. v.-x., vaselini ad ^i. 

Pyosis Palmaris. 

Definition. — Pyosis palmaris is characterized by the presence of 
numerous, discrete, conical, white pustules, which do not form 
crusts and which appear on the palms of the hands of native children. 

Historical. — The disease was described some ten years ago by 
Castellani in native children in Ceylon, where it is rare. 
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Cliniatology. — vSo far it has only been recorded in Ceylon. 

etiology. — Pyococci are present in the lesions, but may not be 
the true cause. 

Symptomatology.— With little or no pruritus, discrete, conical, 
solitary pustules appear on the palms of the hands. These pustules 
do not coalesce or form crusts, and are not surrounded by a zone 
of hyperaemia. 

Diagnosis. — It is distinguished from scabies by the absence of 
the acarus, from ringworm by the absence of a fungus, and from 
syphilis by the uselessness of the specific treatment. 

Treatment. — Vaccines may be tried. 

Pyosis Corletti. 

Synonyms.— Impetigo bullosa. Impetigo contagiosa bullosa of Corlett. 

Definition. — Pyosis corletti is an acute, contagious, bullous pyosis 
beginning “on an}^ region of the body, and characterized by the 
presence of medium-sizexPand large bullae arising on seemingly 
liealthy skin, and caused hy ^A'liyococcu^^ mollis (Dyar, 1895). 



Fig. 796. — Pyosis Corletti. 


Historical.- — In 1899 Corlr" t described a contagious bullous erup- 
tion as being endemic in Florida; later Singh in India invited atten- 
tion to a similar disease. In 1912 Reguzis described an epidemic 
among Europeans in Cairo. In 1915 Chalmers and O’Connor gave 
a description of an epidemic of this disease as seen in the ist 
Battalion of the Suffolk Regiment in Khartoum. 

®iology. — The causal organism so far found is Aurococcus mollis 
(Dyar, 1895). It is causal because (i) it is the only organism 
present, and is found in the youngest vesicles; (2) it was obtainable 
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from all the cases of the Khartoum epidemic, and a similar organism 
was found by Corlett, but not fully defined : (3) a vaccine prepared 
from it cured the patients quickly. It is. of course, possible that the 
same clinical correlation may be caused by various, as yet unknown, 
allied organisms. 

The Khartoum epidemic was traceable to a case of ‘ Nile boils/ 
caused by the same organism. 

Symptomatology.— Tlic incubation period is nnknown, but in 
some cases the initial lesion is a small papule on the head or chest, 
which is so quickly followed by an outbreak of bulke that the 
eruption is well developed in two days. 

The essential feature of tlie eruption is a bulla arising on 
apparently healthy skin, and measuring about 2 cm. in diameter, 
but associated with some much larger blebs measuring about twi('e 
this size, and also smaller bulke which rapidly increase in diameter. 

A bulla appears to start as a small vesicle situate in the epidermis, 
containing a clear, watery fluid. This vesich' rapidly increases in 
size until it forms a bulla, the walls of which are first t(aiso and the 
contents watery, l)ut later tk(w become flaccid and tin' cont(‘nts 
purulent. 


The bulla bursts, the contcaits ('siaqx'. and tin* fissions dry ui) 
and disappear, usually witlioiit forming a scab, but in tlu' cas(‘ of 
the larger lesions it Icaua's behind it a c('rtain amount of dark dis- 
coloration of tlie skin, indicating the affect(‘d ar(*a. 

If a bulla is pricked it is found to ha\ o a glazed, parclinient-like 
)ase. 1 he edges of the bulla are also obsf'rxaul to be umh'rmim'd 
and It js apparent that the increase in size from a vesicle or small 
bulla to a larger one is Ipv the S])rcading outwards of the edges If 
scratched, excoriations and crusts are formed, but crusty lesions 
are rare ami, when present, only slightly developed. 

ch/r- m .abundantly on the thighs, back, and 

che.st, .ind less abundantly on the neck, arms, and legs, and more 
rarely on the face and head. The axillary and scroto-cTural regions 
are singularly free from the disease, only one case showing a slight 
amount of the eruption at the margins of the axilte. ^ 

lere are no constitutional symjitoms, and only rarely do ca.scs 

so mudi to the eruption itself as to the rubbing of the clothing 
producing slightly raw areas where bulke have bur.st. When this 

to form, especially if the jiatient 
not//f f ef entirely secondary in nature and 

not part of the true eruption. nc ai.u 

The differential leucocyte count based on i,ooo cells is;— 


Polymorphonuclear leucocytes 
Mononuclear leucocytes 
Large lymphocytes 
Small lymphocytes 
Eosinophile leucocytes 


Total 


. . loo-o 
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Diagnosis. — The important diagnostic characters of the eruption 
are the absence of constitutional disturbance, the absence of severe 
itching, the presence of relatively large bullae arising from apparently 
sound skin and not surrounded by inflamed areolae, the absence of 
marked incidence on the axillary and scroto-crural regions, the 
absence of crusts and of streptococci, the presence of Aurococcus 
mollis, and finally the ready reaction to treatment by a vaccine 
prepared from this organism. 

|Diflerential Diagnosis.— The differential diagnosis must be made 
from impetigo contagiosa, dermatitis bullosa plantaris, pemphigus 
acutus, and pyosis mansoni. 

It can readily be differentiated from impetigo contagiosa by 
tlie absence of crusty lesions as a rule, and by the fact that 
even when the youngest vesicle is examined by Sabouraud's 
methods no streptococcus can be found and only Atirococcus 
mollis (Dyar). 

From dermatitis bullosa plantaris it may be distinguished by not 
attacking the sol(‘s of the feet as far as has been recorded, by not 
(extending b(itween the toes, and by the absence of streptococci and 
Epidcrmophyton cruris Castellani. 

From pempliigus acutus it can be recognized by the absence of the 
severe constitutional disturl)an('e. 

From pyosis mansoni it can be differentiated by the fact that it 
does not begin in the axilhe or scroto-crural regions, and that it 
but rarely, and then lightly, attacks those parts which are the 
primary siuit of Manson’s pyosis. 

'FIk' ])rincipal feature of the (Tuption in Manson’s disease is 
flattened, roundisli \’esicles which enlarge to the size of a small pea, 
whil(‘ large, flabby, pemphigoid bull*T are rare: but in this eruption 
large pemphigoid bulke are common. In Manson’s pyosis the 
vesicles arc often surrounded by a pinkish or reddish inflammatory 
halo, which is absent in the present eruption. 

Complication.— Eruptions of boils may occur. 

Sequela. — When cases are not treated by vaccine therapy there 
appears to be a liability to boils as a sequela. 

Prognosis. — The prognosis is excellent, as the disease is rapidly 
cured by a combination of vaccine and local therapy. 

Treatment. — The best form of treatment is to prepare a vaccine 
which is to be administered in 200 and 450 million doses, with 
intervals of two to three days between each dose. 

In order to expedite tiie cure local treatment is also useful, 
and this consists in pricking each blister and catching the exuding 
fluid on swabs dipped in i in 1,000 lotio hydrargyri per- 
chloridi. 

After pricking, each blister should be thoroughly disinfected with 
the same lotion, and be dusted with some antiseptic powder, the 
cheapest, but not the best, being boric acid, while the same with 
starch should be used for dusting the clothing in order to attempt 
to prevent the spread of the infection. 
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A vaccine prepared from a case of Pyosis corletti acts also generally on cases 
of Nile boils, and vice versa. This is easily understood, as the two conditions 
are due to the same organism — Aurococcus mollis (Dyar). 

Propliylaxisl — The important points in the prophylaxis are to 
realize that the disease may originate from a case of boils, may cause 
no symptoms, and may be overlooked. 

Pyosis Discoides. 

Definition. — Pyosis discoides begins as a generalized vesicular 
eruption of fairly large roundish vesicles, which rapidly become 
purulent and then dry, forming circular, discoidal, bright yellow 
crusts surrounded by a slightly hyperaemic zone and associated with 
pyogenic cocci, and in the early stages often accompanied by slight 
fever. 

Historical. — This eruption was found by Castellani in 1914, I'in a 
man in Ceylon, and again in the Balkans. 



hiG. 797. — Pyosis Discoides. 

(From a rough sketch made by an Austrian prisoner in Macedonia.) 

etiology. — Streptococci and staphylococci have been found in the 
lesions. 

Symptomatology. — The symptoms may be discussed in two 
stages: — 

Vesicular Stage. There is a profuse generalized eruption of fairly 
large roundish vesicles, some of which are flaccid. 

Stage of Discoidal Crusts . — The contents of the vesicles are at 
first clear, but soon become purulent, and then dry up forming 
circular, discoidal. bright yellow crusts, firmly embedded in the 
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deeper layers of the epidermis, and often surrounded by a hyperaemic 
halo. When these firmly fixed crusts are removed, shallow circular 
ulcers with sharply defined edges are produced. 

General Symptoms. — Constitutional symptoms are of the slightest, 
but during the first few days of the eruption there may be slight 
fever. 

Diagnosis. — The definition indicates the principal characters of 
the complaint. As regards the differential diagnosis, this must 
be made from chicken-pox, in which the bright yellow, discoidal, 
deeply attached crusts are absent. 

Treatment. — The treatment advised is i per cent, white precipitate 
ointment. 


THE PYOGENIC EOLLICULITES. 

These are pyogenic affections of the hair follicles caused by cocci. 
The following varieties may be differentiated: — 

A. Deep-seated in the hair follicle; occur anywhere — Tropical 

boils. 

B. Superficially situate in the hair follicle; found on the legs 

and thighs — Purulent folliculitis of the legs. 

Tropical Boils. 

Synonyms. — Tropical furunculosis, Nile boils, Mango boils. 

Definition. — A tropical boil is a deep-seated purulent inflammation 
of a hair follicle due to pyococci. 

Remarks. — Furunculosis is very common in the tropics. It 
does not differ from what one sees in Europe except that it is often 
of much severer type, and has a great tendency to spread all over 
the body. The individual boils are frequently of very large dimen- 
sions and extremely painful. There may be fever. The condition 
is very common in people who perspire much and suffer from prickly 
heat. 

.®tiology. — It is due to staphylococci. Carbuncle, especially of 
the neck and gluteal regions, with deep infiltration and multiple 
openings, is not rarely associated in our experience with ordinary 
boils. The so-called ‘ Nile boils ' have been examined bacteriologi- 
cally by Chalmers and Marshall and by Archibald, and have been 
shown to be generally caused by Aurococcus mollis (Dyar, 1895). 

E. Black describes under the term* furunculus contagiosus ’ a benign multiple 
furunculosis observed by him in Brazil. 

Treatment. — The quickest and most reliable method of cure in 
cases of multiple boils is, in our experience, Wright's vaccine 
treatment, the vaccine being prepared from staphylococci isolated 
from the patient, or being prepared from organisms known to occur 
in a given district. When this treatment cannot be carried out, 
the administration of fresh yeast, half a wine-glassful twice daily, or 
of yeast preparations internally, will be found to be useful in some 
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cases — e.g., two or three ceridin pills twice daily. Ichthyol tablets 
(gr. V.), twice daily, may also be given, or calcium sulphide (gr. J) 
may be administered, but their beneficial effect is doubtful. Diluted 
sulphuric acid (ill xx.-xxx.), well diluted, every four hours may be 
tried. Occasionally a small boil may be abort(;d by applying a 
droplet of pure carbolic acid by means of a pointed pencil of wood 
drilled into the centre of the papule, or four or five drops of i in 30 
solution of carbolic acid may be injected beneath the boil, or 
Unna’s carbolic and mercury plaster may be used, or spirit of 



camphor may be applied several timers daily. For old indurated 
boils the continuous application of a carbolic lotion (2 to 5 per cent.) 
on lint occasionally causes them to bt^come absorbed. Large boils 
in which suppuration has taken place should be opened, but it is 
a mistake to open them too soon. As a. preventive, a salicylic- 
alcoholic lotion (i to 2 per cent.), used after the daily bath, is 
advantageous, and it is also advisable to use a little Condy's fluid 
or cyllin in the bath. 

Stanoxyl by the mouth only is not satisfactory, but is said to give good 
results when administered in baths. 


THE PYOGENIC DEEMATITES 


2029 


Purulent Folliculitis of the Legs. 

Definition. — A purulent inflammation attacking many hair 
follicles of the legs and thighs. 

Historical and Geographical. — The condition is extremely common 
in Ceylon and Southern India, in the foimer especially among the 
moormen. It was investigated by Castellani some years ago. A 
very similar or identical condition has been noted by R. Cranston 
Low in Scotland in miners working in mines flooded with water. 

-ffitiology. — It is apparently due to the usual pyogenic cocci. 

Symptomatology.- — Tlu^ patient presents on his legs — especially 
the (sxtensor region — numerous whitisli conical pustules. Each 
pustule is pierced by a hair. The pustules remain, as a rule, separate, 
do not increase in size to any extent, and do not coalesce nor form 
crusty lesions. After a time the skin of the legs may show a 
peculiar parchment-like appearance. The examination of the pus 
contained in the pustules shows the presence of the ordinary 
staphylococci. 

Prognosis. — The disease, if left untreated, runs a very long course. 

Treatment. — -The treatment consists in depilation, application of 
antiseptic dressings, and, later, the application of an antiseptic 
ointment or paste. In obstinate cases the opsonic treatment, 
carried out with a vaccine prepared from the staphylococci grown 
from tlie lesions, gives good results. The following ichthyol appli- 
cation may be found useful: -Iclithyol, 2 drachms; glycerine, 
I drachm; distilled water to i ounce. 


THE PYOGENIC DERMATITES. 

Definition. — 'Fhe pyogenic dermatites are inflammations pre- 
dominantly of the surface of the skin, which are caused by the 
pyococci. 

Remarks. — The old term eczema, was introduced by /Etius of 
Amida, in the sixth century a.d., for the breaking out of burning, 
itching, non-ulcerating vesicles, and was used by Willan for an 
crui)tioii of minute vesicles, non-contagious, closely crowded together, 
formingthinflakes and crusts when the fluid they contain is absorbed, 
and due to irritation whether internally or externally applied. The 
causes which Willan had in mind were mercury applied internally 
and the rays of the sun externally. 

After years of confusioc the modern tendency is to consider that 
tlie word ‘ eczema ’ is a cloak for ignorance. 

In lieu of it tlie word ‘ diTinatitis ’ may be employed, if b}^ this is 
meant an inflammation ])redominantly of the surface of the skin. 
So defined, dermatitis may be classifiecl into: — 

1. Dermatitis due to chemical causes. 

2. Dermatitis due to ])hysical causes. 

3. Dermatitis due to parasites. 
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The term eczema should only be used when the practitioner is 
unable to assign its proper cause to a dermatitis. The term is there- 
fore a cloak for ignorance of the causation of the dermal condition. 

In the present section we are considering a part of the third class 
of dermatites — viz., those due to parasites — and in particular that 
subclass which is brought about by the pyococci. 

We, however, propose to further restrict our remarks to merely 
the streptococcal dermatites, and will consider them under two 
headings — viz. : — ' 

Primary Streptococcal Dermatites. 

Secondary Streptococcal Dermatites. 

The Primary Streptococcal Dermatites. 

{Definition. — A primary streptococcal dermatitis is an inflammation 
predominantly of the surface of the skin, localized or generalized, and 
caused by streptococci. 

Remarks. — Streptococci appear to have been first observed in 
cutaneous lesions by Crocker in 1881, and to have been later 
identified by Brockhart as Streptococcus erysipelatosus Fehleisen, 
1883. Later they were carefully described by Whitfield, Colcott 
Fox, and many other observers, including ourselves. Colcott Fox 
classified streptococcal skin lesions with those which occur in the 
course of grave systemic affections, those which are lesions of the 
hypoderm, those which are primary, and those which are secondary 
cutaneous lesions. 

With regard to the primary streptococcal dermatites, these are 
sufficiently numerous, but for our present purpose we will restrict 
our attention to those found in the tropics, which are dermatitis 
veldis, dermatitis pratensis, and dermatitis cupoliformis , which may 
be distinguished from one another as follows : — 

A. Nodules not produced : — 

I. Begins as a [large blister or bulla, and forms a super- 
ficial sore with ragged edges, and a fresh clean floor 
in recent, or a parchment-like floor in old cases — 
Dermatitis veldis. 

II. Begins as a small irritable papule or papulo-vesicle. 
which ulcerates, glazes over, spreads, and finally 
gives rise to an area defined by a raised margin, inside 
which are deep fissures and ulcerated areas, and often 
in later stages papillomatous o\iigrov^ihs>— Dermatitis 
pratensis. 

B. "^Nodules produced — Dermatitis cupolijormis. 

DermatitisjVeldis. 

Synonyms. — Veld sore, Barcoo rot. Gift zeer, Brand zeer. 

Definition. — A primary streptococcal dermatitis characterized by 
the formation of a bulla, followed by a superficial sore, which 
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becomes very clironic, but does not lead to papillary acanthotic 
formations. 

History* — For long the Bushmen of the region known as Barcoo 
River; North Queensland, have suffered from sores which they call 
Barcoo rot. In the Transvaal the inhabitants are afflicted with a 
sore which they call * gift zeer ' or poison sore, while in the Free 
State the residents are attacked by a similar sore which they call 
‘ brand zeer ’ or burn sore. 

In 1901 Ogston and in 1904 Harman reported upon these condi- 
tions under the name ‘ veld sore,' a term used by the English settlers 
in South Africa. Harman further proved that it was the same as 
Barcoo rot by the evidence of Australian Bushmen who had suffered 
from the one in Australia, and from the othei in South Africa 
recognizing them as the same. In 1913 Black gave us his personal 
experiences of Barcoo rot. In 1917 Martin met with a similar 
condition in the Anzac Mounted Division operating in the desert 
east of the Suez Canal, and again it was recognized by the men who 
had seen or experienced Barcoo rot to be the same complaint. 

Climatology. — The disease is known to occur in Tropical Australia, 
South Africa, Egypt, and Equatorial Africa. 

etiology. — Harman obtained staphylococci and streptococci from 
his cases. He was inclined to consider his yellow staphylococcus 
as the causal organism, and called it Micrococcus vesicans, but it is 
more probable that the causal agent is the streptococcus which 
may be known provisionally as Streptococcus vesicans, and which may 
be only a synonym for some more fully worked out species such as 
5 . versatilis Broadhurst, 1915. The disease can be reproduced in 
man by inoculating the fluid of the blisters on to a raw place in 
the skin. 

Pathological Histology.- -The fresh unopened blister has been 
studied by Harman, who found that it occurred in the layers of the 
epidermis. The stratum corneum is raised, forming the roof of the 
blister, which begins as a cleft in the stratum lucidum. The epider- 
mis is never wholly absent from the floor, which is composed of 
swollen cells of the stratum lucidum and stratum granulosum. The 
dermis shows a moderate degree of leucocytic invasion beneath 
the floor of the ulcer. Cocci in the form of diplococci or short chains 
are found in spaces between the cells of the epidermis. 

Symptomatology. — The dermatitis begins by the patient feeling a 
pricking or burning sensation in some part of the body. On ex- 
amining this, he finds that on the site of some small abrasion there 
is a little blister surrounded by a hyperaemic zone. The blister 
quickly increases in size until it may attain that of a shilling, but 
more usually it grows slowly, and when the size of a sixpenny-piece 
is reached it usually bursts, setting free some sero-purulent fluid 
and forming a superficial ulcer with a red floor and roundish or 
somewhat festooned margins. 

The floor of the ulcer remains dry like parchment. The ulcer may 
be painful, but, especially at the beginning, there is frequently 
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more itching than pain. The proximal lymphatic glands may be 
enlarged. Several such sores may be present at the same time. 
The hands,' forearms, feet, and legs are mostly affected. Harman 
has seen as many as twenty such sores on one man. The duration 
of the affection varies between one and three months, but occasion- 
ally may last as long as six months. • 

Treatment. — The correct treatment is by vaccines, either auto- 
genous or from a locally prepared stock. The local treatment con- 
sists in keeping the sores dressed with antiseptic lotions, such as 
perchloride of mercury (i in 4,000), or in washing the sores with a 
disinfecting lotion, and then applying an antiseptic powder, paste, 
or ointment, such as europhen (i to 3 per cent.), iodoform (i to 3 per 
cent.), protargol (5 to 10 pg: cent.), or calomel (5 to 10 per cent.). 

Barcoo Rot. 

For the reasons given above we consider Barcoo rot to be a 
condition identical with dermatitis veldis. It must, however, be 
admitted that tlie descriptions given by some authors may include 
other conditions. For example. Black described it as forming a 
crust which becomes larger, thicker, and harder until horny in 
consistence and difficult to remove. There is very little itching or 
pain. 

Pain states that the term ‘ Barcoo rot ' is very loosely applied. According 
to him the original ‘ Barcoo rot ' was scurvy. Owing to Ihe impr:)ved 
conditions of living scurvy disap])cared, and tin* younger Bushmen applied 
the name to any superficial obstinate sore. Two conditions at least are 
now covered by the term: a seasonal staphylococcal infection, occurring 
generally in the autumn, and a deep-seated trichophytosis of the hands. 

Dermatitis Pratensis. 

Definition. — Dermatitis pratensis is a j)rimary streptococcal der- 
matitis characterized by starting as a papule spreading by ulceration, 
and forming in late stages acanthotic papillary formations. 

Historical. — The disease has been studied by Castcllani in Equa- 
torial Africa and by Chalmers and Archibald in the Anglo-Egyptian 
Sudan. We give it the name dermatitis pratensis to bring it into 
line withf the other dermatites. 

etiology. — The causative organism is a streptococcus which can 
be found in the polymorphonuclear leucocytes, in the lesions, and 
can easily be grown in pure culture. In some cases in the Anglo- 
Egyptian Sudan the organism obtained was Streptococcus versatilis 
Broadhurst, 1915. which is a normal denizen of equine faeces, from 
which the infection probably comes. Its causal relationship depends 
upon not merely its presence in cases of the disease, but upon the 
fact that vaccines prepared from it will quickly cure not merely the 
person from whom the growth was obtained, but other patients also. 

Pathological Histology. — When sections arc^ made along a papillo- 
matous projection of the acanthotic variety it will be seen that the 
outer covering is epidermal in nature, and that, superficially, it is 
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covered by masses of scales, both on its free surface and on the sur- 
face looking towards another process. 

This epidermis shows the defect of cornification called ' parakera- 
tosis ' by Auspitz, while with regard to the rete there is a certain 
de^ee of acanthosis. 

1 he coriiim is full of dilated vessels, and is also slightly oedematous 
and fairly cellular. 

The cells consist of forms with a large, well-stained nucleus and 
a fringe of cytoplasm, which [are supposed to be derived from con- 
nective tissue cells. Plasma cells and mast cells may^also be seen, 
as 'may an occasional polymorphonuclear leucocyte. 



Fig. 799. — Dermatitis Pratensis. 


Turning now to the non-papillomatous regions, there is a v.vii- 
defined epidermis with parakeratosis and acanthosis, while the 
cellular infiltration of the corium is denser. It is somewhat 
oedematous. 

Raw areas show parakeratoses, which are distinguished by the 
extraordinary development of the acanthosis. 

In the region where the epidermis is missing all trace of a normal 
corium is lost superficially, and its placets taken by a fibrocellular 
exudate. 

Embedded in this exudate can be seen the remains of the acan- 
thotic prolongations of the epidermal cells. * 

In this fibrocellular mass lie numerous bloodvessels filled with 
corpuscles, while patches of serous exudation can also be observed. 

The cells of the mass are largely composed of the same cells as in 
the corium of other pieces, but the amount of polymorphonuclear 

128 
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leucocytes in certain regions, and more especially superficially, is 
marked. 

In the deeper part of the section isolated pieces of the ordinary 
connective tissue of the corium can be seen, while finally, in the 
depth of the section, well-defined connective tissue is seen containing 
here and there scattered collections of cells of the same nature, as 
already described for other portions of the tissue. ^ 

The sweat glands are much damaged, and surrounded by cells 
of the usual type found in these lesions. 

Still deeper one meets with fatty tissue, between the cells of 
which lies an accumulation of the typical cells of the lesion. 

Symptomatology.- — The eruption begins as a small pruriginous 
papule or papulo-vesicle, which increases in size and ulcerates, scabs 
over, and extends at its margins. When fully developed it is 
surrounded by a raised margin, behind which small papilhe may 
be noted, which in older cases give rise to very distinct papillomatous 
outgrowths. The surface of the sore is composed of deep fissures 
and a few ulcerated areas, which exude a serous fluid, which is apt 
to form crusts. These ulcerated areas and fissures are separated 
by other areas coated by a thin epidermal covering, which gives rise 
to a false pealing appearance. The whole condition spreads slowly 
from the margin. 

Diagnosis. — This is sufficiently effected by the table given on 
p. 2030. 

Prognosis. — The prognosis is good provided that the patient is 
otherwise healthy. 

Treatment.- The best treatment is, without doubt, an au1o- 

genous vaccine, but a polyvalent local (i.e., made from local strains) 
vaccine acts quite well. 

We generally give 10 millions to commence with, then 50, and, 
if necessary, 100 millions. 

The affected part in chronic cases may be painted with iodine and 
a dry dressing applied. 

Dermatitis Cupoliformis. 

Synonym. — Tropical ecthyma (Castcllani) . 

Definition.^ — Dermatitis cupoliformis is characterized by com- 
mencing as dusky red macules, which are follicular or perifollicular, 
which either disappear or slowly become cupoliform nodules, which 
after a time break down and ulcerate. 

Historical. — This disease was first described by Castellani in 1914 
as seen mostly in Europeans in Ceylon. Subsequently he met 
with the disease in the Balkans. 

Climatology. — So far it is only reported from Ceylon and the 
Balkans. 

etiology. — It is caused by a streptococcus belonging to the erysi- 
pelatous group {vide Chapter XXXVI., p. 929), which is named 
S. tropicalis Castellani, 1914. 
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Symptomatology. — The disease begins as superficial, dusky red, 
follicular, or perifollicular slightly itching macules on the feht and 
legs. Some of these spots disappear, while others become slowly 
larger, raised, hard, infiltrated, and cupoliform, reaching the size of 
a pea or a small cherry. After a time the centre of the nodule 
breaks down and forms an ulcer, with a reddish floor and undermined 
edges. 

These ulcers are somewhat painful and very slow to heal, and when 
this does take place it produces patches of hyperpigmentation. 
The course of tlie disease is very long, lasting at times more than 
a year. 

Diagnosis. — The characteristic features of the eruption are the 
presence of raised, hard, rather large cupoliforni nodules, some of 
which show a central ulcer with undermined edges. 



Fig, 800, — Dermatitis Cupoliformis of the Foot. 


The differential diagnosis has to be made from Oriental sore by 
the absence of Leishman-Donovan bodies. 

From ecthyma it may be distinguished by the absence or rarity of 
the pustular lesions with a brownish crust. In ecthyma the initial 
lesions are always pustular, there being generally discrete flat 
pustules; when these rupture a brownish crust is formed beneath 
which suppuration goes on. In the condition known as ‘ ecthyma 
gangrenosum/ occasionally met with in cachectic children, especially 
during convalescence from varicella and other exanthemata, the 
initial lesions are vesicular or pustular, and no nodules are,,present. 

In pyosis tropica the ulcers do not show undermined '.edges, and 
pustular lesions are present. 
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- In purulent JolUculUis oj the legs there are no ulcers, only pustules 

pierced by hairs being present. j , 

Prognosis. — The condition runs a very long course and is difficult 
to cure, unless treated by an autogpous vaccine. 

Treatment. — An autogenous vaccine is the correct treatment, and 
generally produces a cure in two to three, weeks. Local treatment 
by antiseptic lotions is also recommended. 

The Secondary Streptococcal Dermatites. 

Only two forms of this affection concern us, and both are second- 
ary to infections with Epidermophyton cruns Castellani. They are 
dermatitis interdigitalis and dermatitis bullosa plantaris. 

They may be differing phases of the same affection, but tliey can 
be differentiated as follows: — 

A, Situate primarily between the toes. Bull® absent — 

Dermatitis inter digitalis. 

B. Situate primarily on the soles. Bullae Y^'^esent— Dermatitis 

bullosa plantaris. 

Dermatitis Interdigitalis. 

Synonyms. — Dermatitis rimosa of the toes, Mango toe (Ceylon), 
Frieira (Brazil). 

Definition. — Dermatitis interdigitalis is a streptococcal dermatitis 
secondary to an infection of the parts between the toes caused by 
Epidermophyton cruris Castellani. 

Historical. — This affection, which is popularly known in Ceylon 
as ‘ Mango toe,’ was first brought into prominence by Sabouraud’s 
observation that the primary cause was an infection by Epidermo- 
phyton cruris Castellani. In 1910 Castellani found that very often 
there was a secondary streptococcal infection. 

A somewhat similar affection was described long ago by Martin Costa 
in Brazil, who stated that the condition was very common among natives, 
who called it ‘ frieira.’ He believed it to be caused by the heavy perspira- 
tion, and accumulation of dust and dirt between the toes. 

Geographical Distribution.— It is extremely common in Southern 
India, Burma, Ceylon, and many other tropical countries, being 
the cause of great discomfort to European residents, especially 
during the hot season. 

etiology. — The condition seems to be a pyogenic infection, 
starting generally on slight lesions produced by a localization of 
Epidermophyton cruris Castellani to the toes. This localization 
of the fungus was first observed by Sabouraud. The fungus per se 
in this situation gives rise to very slight symptoms very often only 
some scaliness and pruritus. 

Symptomatology. — The patient first complains of great itching 
between the toes, without there being present any papular or 
vesicular lesion. On scratching to relieve this itching, portions 
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of the epidermis become removed, and small, superficial, red, irritable 
abrasions are seen. These become severer, and deep, extremely pain- 
ful fissures appear between the toes in almost all the cases. This 
dermatitis is difficult to cure, but disappears rapidly on the patient 
going to the hills or to Europe. It may remain quiescent for long 
periods, and then reappear again. During the periods of quiescence 
some pruritus may occasionally be felt, and the skin between the 
toes may easily crack or be slightly scaly. 

Treatment. — ^This consists in keeping the patient at rest for a few 
days, dressing the affected parts continuously with diluted carbolic 
lotion per cent.), or resorcin lotion to i per cent.), and later 
applying a zinc oxide paste, hazeline cream, or a bismuth boric 
ointment (bismuth subnitratis, gr. xxx. ; acidi borici, gr. xv. ; 
vaseline, lanoline, aa 3iv.). The stockings should be white, and 
should be changed at least twice daily, and should be boiled before 
use. If a fungus is found in the lesions, an antimycotic treatment 
should be carried out when the acute stage is over, or during the 
quiescent periods, by means ot silvci nitrate (3 per cent.), or a 
strong solution of potassium permanganate (gr. xxx. to ji.), 
painted on once or twice daily; or tincture of iodine may be used 
if the lesions are dry and there are no excoriations. 

Dermatitis Bullosa Plantaris. 

Synonym. — Foot-tetter (Cantlie). 

Definition. — Dermatitis bullosa plantaris is a streptococcal 
dermatitis, often secondary to an infection of the soles of the feet, 
caused by Epidermophyton cruris Castellan! . 

Historical and Geographical Distribution. — This affection was 
first described by Cantlie in China, but cases are met with in all 
tropical countries. 

Etiology. — The disease is probably a streptococcus infection, 
one of us having isolated a very virulent strain of the germ from 
the blebs of a number of cases. In several of our cases this strepto- 
coccus infection developed on some superficial lesions due to a 
localization of Epidermophyton cruris Castellani to the soles. 

Symptomatology. — It commences with blebs on the sole of the 
foot. The blebs ultimately break, and by-and-by bare scaly flakes 
of skin form, and extend all over the sole and between the toes. 
There is intense itching. Occasionally the condition spreads to other 
parts of the body. It usually dies away in the cold season, but 
recommences in the hot season. According to Cantlie, patients 
who have returned to Europe see their affection reappearing regu- 
larly every summer for ten or twenty years after leaving the tropics. 

Prognosis. — The condition is of difficult .cure, and relapses occur. 

Treatment. — In the acute stage the patient must stay at com- 
plete rest, and antiseptic dressings, such as mercury perchloride 
(i in 4,000) or carbolic acid (^ per cent.), applied continuously. 
Later a lead lotion (liq. plumbi, 3 ii-» aq. destil. ad ^x.), and still 
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later some antiseptic powder (dermatol or zmc oxide) may be 
used. In our cases ointments were always badly borne, n 
mild cases we advise taking a foot-bath twice daily in warm boric 
(i per cent.) or permanganate (i in 4,000) solution, besides wnicn 
the blebs should be pricked with a sterile needle and touched with 
a solution of permanganate (gr. xx.-xxx. to si.), followed by dressing 
with zinc oxide, dermatol, or some similar powder. 

If the eruption develops on lesions due to fungi, when the acute 
stage is passed off, an antimycotic treatment should be carried out 
by applying with care, and very little at a time, a silver nitrate 
solution (3 to 5 per cent.) if there are moist lesions, or tincture of 
iodine if the lesions are dry. 

Cantlie recommends the application of pastes and plasters as palliatives. 
Manson advises the use of a daily foot-bath of a 2 per cent, solution of carbolic 
acid for half an hour. 
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CHAPTER XCII 

TROPICAL DERMATOMYCOSES 


Tropical dermatomycoses — Tinea cruris — Tinea alba — Tinea albigena — Tinea 
sabouraudi tropicalis — Tinea nigro circinata — Tinea capitis tropicalis — 
Tinea barbae tropicalis — Tinea cilionim — Tinea unguium tropicalis — Tinea 
imbricata — Tinea intersecta — Tinea flava — Tinea nigra — Erythrasma — 
Blastomycosis — Sporotrichosis — Cryptococcosis epidermica — Intertrigo 

saccharomycetica — Aspergillosis — Pennicilliosis — Acladiosis — Crypto- 
coccosis epidermica — Pmta — Piedra — Trichomycosis — Rarer nodular and 
gummatous afiections of hyphomycetal origin — References. 

Tropical dermatomycoses — that is so say, tropical skin diseases 
caused by fungi higher than bacteria- — may be classified as follows : — 

Tropical Dermatomycoses. 

Ep. cruris Castellani, 1905, common variety of 
Tinea cruris (dhobie itch). 

Ep. perneti Castellani, 1907, variety of Tinea 
cruris. 

\Ep. ruhrum Castellani, 19C9, variety of Tinea 
cruris. 

T. nodof Ormans Castellani, 1911, variety of 
Tinea cruris. 

T. maefadyeni Castellani, 1905, variety of 
Tinea alba. 

T. alhiscicans Nieuwenhuis, 1907, Tinea albi- 
gena. 

1 . Due to fungi of the T, blanchardi Castellani, 1905, Tinea sabou- 
geniis Epidermophyton raudi tropicalis. 

Lang, 1879, Tricho-{T. ceylonense Castellani, 1908, Tinea nigro- 
phyton Malmstcn, 1845, j circinata. 

Microsporum Gruby, \ T. soudanense Joyeux, 1912 
1843 T. violaceum 'Bodin, 1902 

T. violaceum Bodin, 1902, var. decalvans \ 
Castellani, 1911 

T. currii Chalmers and Marshall, | 

1914 

T. discoides Sabouraud, 1909 
\T. violaceum Bodin, 1902, var. khar- 
toumense Chalmers and Macdonald, 

1915 

T .polygonum Br'ibViTxx, 1909 
i T. Uriburii, 1909 ) > 

\^Microsporum flavescens P. Horta, 1912, variety 
of Tinea capitis and corporis. 

(En. tropicale Castellani, 1914. Tinea im- 
II, Due to fungi of the bricata. 

genus Endodermophy- En. indicum Castellani, 1911, Tinea im- 
ton Castellani, 1909 bricata. 

\En. castellanii Perry, 1907, Tinea intersecta. 
2040 
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III. Due to fungi of the] 

genus Malassezia 
Baillon, 1889 i 

IV. Due to fungi of the^ 

genus Cladosporium 
Link, 1 8og 

V. Due to fungi of the' 
genera Saccharomyces 
Meyen, 1838. Crypto- 
coccus Kiitzing, Cocci- 
dioides Rixford and 
Gilchrist, 1897, Mo- 
nilia Persoon, 1797 

VI. Due to fungi of the 
genus Nocardia sensii 
lato, Toni and Trevi-^ 
san, 1889, and Cohni- 
streptothrix Pinoy 1911 


M. tropica Castellani, 1905, Tinea flava. 

C. mansoni Castellani, 1905, Tinea nigra. 

C. madagascariense Verdun, 1913, peculiar 
nodular affection. 


Several species, some of 
which incompletely 
investigated 


I Varieties of 
j blastomycosis. 


rN. minutissima Burchardt, 1859, erythrasma. 
N. carougeaui Brumpt, 1910, juxta-articular 
nodules. 

AT. rivierei Verdun, 1912, nodular affection. 

C. tenuis Castellani, 1912, trichomycosis 
axillarum. 

C. thibiergei Pinoy and Ravaut, 1909, nodular 
V affection. 


VII. Due to fungi of the 
genera Sporotrichum 
Link, 1809, Hemispora 
Vuillemin, 1906, En- 
antiothamnus Pinoy, 
1 9 1 1 , Scopulariopsis 

Bainier, 1907, Clado- 
sporium Link, 1809, 
Acremonium Link, 
1809, Acladium Link, 
1809 


Sporotrichum beurmanni Matru-' 
chotand Ramond, 1905 

S. schenki Hektoen and Perkins, 
1900 

S. asteroides Splendore, 1911 
Castellani, 1908 

Hemispora stellata Vuillemin, 
15^6 

Enantiothamnus braulti Pinoy, 
1912 

Scopulariopsis blochi Matruchot, 
1911 

Cladosporium madagascariense 
Verdun, 1913 

\A cladium castellanii Pinoy, 1916^ 


Varieties of 
sporotri- 
chosis found 
in the 
tropics. 


Various 
types of 
gummatous 
affections. 


VIII. Due to fungi of the 
genera Aspergillus 
Micheli, Sterig- 

matocystis Cramer, 
1 869, Madurella 
Brumpt, 1905, In- 
diella Brumpt, igo6, 
Nocardia Toni and 
Trevisan, 1889, Cohni- 
streptothrix Pinoy 1911, 
Sporotrichum Link 
1806, Monosporium 
Bonorden and Sac- 
cardo, 1898, Glenospora 
Berkeley and Curtis 
1876 


: Aspergillus houffardi 'Bixxmpt, 1906 \ 

\sterigmatocystisnidulansEk\d,Tii, 1883 ' 
\ Madurella mycetomi Laveran, 1902 
! M. bovoi Brumpt, 1910 
' M. tozeuri Nicolle and Pinoy, 1906 
I Indiella mansoni Brumpt, 1906 
I 7. reynieri Brumpt, 1906 
7. somaliensis Brumpt, 1906 
Nocardia madurce Vincent, 1894 
N . asteroides Eppinger, 1890 
N. pelletieri Laveran, 1906 
N. hovis Harz, 1877 
C. israeli Kruse, 1 896 
Sporotrichum beurmanni Matruchot and 
Ramond, 1905 

Monosporium apiospermum Saccardo, 
191 1 

Glenospora khartoumensis Chalmers and 
Archibald, 1916 

' G. semoni Chalmers and Archibald, 19^7 j 


B 

B 

a> 

a 

/ o 


IX. Due to fungi of theM. barb^s Castellani, 1907, Aspergillosis of 
genera Aspergillus) hairy parts. 

Micffeli, 1727, Peni-^P. barbae Castellani, 1907, Penicilliosis of 
cillium Link, 1809 I hairy parts. 
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X. Due to fungi of the 
genera 


XI. Due to fungi of the 
genus Trichosporum- 
Behrend, iSgcj 


CAspergillusMichcW, 1^2$ "j 
] Penicillium Lin'k, iSog l-Pinta 

j Persoon, 1791 j 

\Montoyella Castellani, 1907/ 

(T. giganteum Behrend, piedra. 

. (Tropical varie- 

j Species as yet not well tics of nodular 
t determined | trichomycosis. 


XII. Due to fungi of the 
genus Pityrosporum 
Sabouraud, 19CJ3 


\ Pityrosporum caniliei Castellani, 1907, variety 
j of tropical seborrluea. 


From the above table it will be seen that tropical dermatomy- 
coses sensu stricto — viz., occurring only in the tropics- — are com- 
paratively few. Most of them are endemic also in temperate zones, 
though occurring there rarely, or at any rate less frequently than 
in the tropics. We may mention as examples tinea cruris and 
Madura foot. The same remark, however, applies to every other 
branch of tropical medicine. 

The frequency of dermal omycoses in the tropics is probably due 
to the hot, damp climate being very favourable to the growth of 
vegetal parasites. 


TINEA CRURIS (DHOBIE ITCH). 

Synonyms. — Tinea tropicalis, Tinea inguinalis, Tinea axillaris, 
Eczema marginatum. 

Definition.— The term ‘ tinea cruris ’ indicates a group of epider- 
mophytoses and tricho})hytoses which are clinically characterized 
by their tendency to develop on the scroto-crural and inguinal 
regions. 

Historical and Geographical.— Tinea cruris is extremely common 
all over the tropics; it is met with also in subtropical regions, and 
in temperate zones, being first described by Hebra in Europe under 
the name of eczema marginatum. In 1905, Cast('llani, as the 
result of tlu^ investigation of numerous cases, came to the conclusion 
that it should be separated from the ordinary forms of tinea corporis, 
and MacLeod suggested the name tinea cruris for the affection. 
For the fungus most frequently found in such cases, characterized 
by the yellowish cultures, Castellani used the name Trichophyton 
cruris. Fernet found and described a fungus for which Castellani 
suggested later the name Trichophyton perncii. In 1907 Sabouraud 
investigated in a complete manner the condition in France which he 
called tinea inguinalis. There can be no doubt that tinea inguinalis 
and dhobie itcli, or tinea cruris, are the same entity, as Sabouraud 
and Pinoy, having compared cultures of Epidcrmophyion cruris 
isolated in Ceylon with those found in XTance, have found them 
identical. 

Castellani ’s further researclies have shown that other fungi 
besides Ep. cruris may give ris(‘ to tinea cruris, each species giving 
rise to a slightly different clinical variety of the eruption. 
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to Castellani's researches, at least three 
diiierent species of Epidermophytons and one of Trichophyton may 
give rise to the eruption — Epidermophyton criiris Castellani, Ep. 
perneti Castellani, rubnm Castellani, and Trichophyton nodo- 
formans Castellani — and there are probably several other not yet 
described species. 

The description of these fungi is given in Chapter XXXVIII. (see 
p. 1014). Attempts at experimental reproduction of the disease 
made by Sabouraud and one of us in hnman beings and monkeys 
have failed. 

Symptomatology. — The term ‘ dhobie iich ' is used very loosely in 
the tropics by the lay public to denote practically any pruriginous 
skin affection. The term is, however, specially used to denote a 
form of severe pruriginous affection which mostly affects the 
inner surface of the thighs, occasionally the axillae, and, in stout 
women, the regions under the breasts. It is in this stricter 
meaning that the term is used by medical men practising in the 
tropics. 

The clinical features of the affection correspond to Hebra's 
‘ eczema marginatum.' In a well-marked case the perineum, 
scrotum, and the inner surface of the thighs present large festooned 
patches, with an elevated abrupt margin; the whole of the patches 
are bright red, or, in a later period, the margin only is red, while 
the rest of the patch is of a fawnish colour, or even of normal colour. 
The pruritus is unbearable. Owing to scratching, a secondary 
pyogenic infection or an eczematous-like dermatitis may develop. 
The disease, if not properly treated, is extremely chronic; the 
condition improves during the cold season, but gets worse again 
during the hot months. Patients who suffer badly from dhobie 
itch may get almost well in a few days, without any treatment, 
on going to the hills; on returning to the plains the pruritus and all 
the other symptoms reappear. The affection has been known to 
last for many years. It is to be noted that after a time the eruption 
may spread to the other parts of the body — the abdomen, the 
trunk, legs, etc. In such situations it may develop in rings, or 
may form solid elevated dark red patches; while the disease may 
be clinically indistinguishable from ordinary tinea circinata. In 
some cases, though rarely, the eruption starts first on the chest 
and arms, and from there spreads later to the armpits and cruro- 
inguinal regions. 

Clinical Varieties. — The above description mostly applies to the 
disease as produced by Epidermophyton cruris, which is the com- 
monest fungus found, and by Ep. perneti. In the cases due to Ep. 
rubrum the affected parts often present from the very beginning 
an eczematoid appearance. The edge is perhaps not so raised as 
in other types of tinea cruris, but very abrupt, made up of numerous 
rather small, close-set papules, covered at times by minute bloody 
crusts due to scratching. The eruption may also be present in 
the shape of large complete or incomplete gyrations enclosing normal 
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skin, or solid patches may be seen. The variety due to Ep, ruhrum 
has great tendency to spread to other regions of the body. 

In the [cases caused by Tnchophyton nodojormans the eruption 
has thick elevated margins, and along the edge deep-seated nodules 
resembling ' blind boils ' are present, the fungus being capable of 
attacking the hair follicles and having [pyogenic [properties. The 
infection [may spread from the inguinal [regions to other parts of 
the body. We have seen a case presenting a nodular eruption due 
to this fungus in the [groins, and at the same time presenting a 
typical kerion barbse due to the same organism on the right cheek. 



Fig. 8oi. — Dhobie Itch of the Cruro-Inguinal Regions: Tinea Cruris. 

From the .same case (due to Epidermophyton cruris Castellani) as the 
coloured plate. 


Regions of the Body affected. — The eruption, as already stated, 
is ^generally localized to the cruro-inguinal and axillary regions, 
hence the name ‘ tinea cruris seu inguinalis but the same fungi 
may spread in many cases from those regions to any other part of 
the body, except the scalp. In some few cases the eruption may 
first appear on the arms or chest, etc., and then spread to the groins 
and armpits, or may never affect these r-egions. Hence the terms 
' tinea cruris ' and ‘ tinea inguinalis ' are not altogether appro- 
priate, and the term ' tinea tropicalis,* or the native term ' dhobie 
itch,’ might be used as general terms to cover all the localizations. 

A localization of great importance noted by Sabouraud, and later 
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by Whitfield, is when the fungi invade the skin between the toes 
(tinea inter digit alls). In this situation the fungus — it is generally 
Ep. cruris may remain for years, the fungus per se giving rise to 
practically no objective symptom, except perhaps a little scaliness, 
but generally induces very severe pruritus, especially in the hot 
weather. This localization of the fungus is often the starting-point 
of secondary bacterial affections causing a most distressing der- 
matitis, known to the planters by the name of ‘mango toe,‘ and 
already described on p. 2036. 

Communicability. — -Tinea cruris is known in the East as dhobie 
itch, from the popular belief that it is contracted from linen which 



Fig. 802. — Dhobie Itch of the Axillary Regions; Tinea Axillaris. 
Case due to Epidcrmophytoii cruris Castellani. 


has been contaminated while being washed by the dhobie ^(native 
laundryman). As to how far this belief is correct we are not in a 
position to say. We have never succeeded in finding the fungus 
in clothes newly received from the dhobie, either microscopically 
or by inoculating small portions of the linen in sugar media. We 
are, however, inclined to think that the popular belief may to a cer- 
tain extent be correct. We have been told by old sufferers from 
dhobie itch, who used to be frequently reinfected, that on their 
ceasing to give their clothes to the dhobie, and having them washed 
in the house instead, the disease did not again affect them. In 
Colombo dhobies are in the habit of washing the clothes in a lake, 
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or in small pools of water more or less stagnant. It is certain that 
clothes belonging to infected persons are washed together with 
other clothes. Dhobie itch is very contagious; true epidemics 
occur in schools and among soldiers in barracks. 

Prognosis. — -If the affection is not energetically treated, it has a 
tendency to become very chronic and last for years. Occasionally 

the eruption spreads to the whole 

I body, forming rings or solid patches; 
at other times a distressing der- 
matitis develops on old dhobie-itch 
patches, due to scratching. Tinea 
cruris may disappear during the 
cold season, or when the patient 
goes to the hills, only to reappear 
as soon as the hot season com- 
mences. During the period of qui- 
escence the skin of the affected 
regions often shows a brownish dis- 
coloration, furfuraceous, somewhat 
similar to erytlirasma. 

Diagnosis. — The diagnosis is easy 
in recent cases, the festooned 
appearance of the eruption, limited 
by a sharp, elevated, bright red 
edge, being quite typical. In old 
cases, especially when secondary 
lesions due to scratching are present, 
the diagnosis may be very difficult, 
the affection being often mistaken 
for eczema. 

In doubtful cases the micro- 
scopical examination will be of 
great help. It must, however, be 
noted that in old cases the fungus 
may be extremely scarce, the myce- 
lium being practically absent, and 
^ ^ ^ only a few spores being found; it is 

'me “'AriLLTRY" REr/ioNl: wcll to take thc sciapings foF Hiicro- 
Tinea Axillaris. scopical examination trom the edge 

Case due to icpidermophyion tlie eruption. The differential 

cruris Castcllani. diagnosis must be made from ery- 

tlirasma, intertrigo, and eczema. 

^ ^In erythrasma the patches have a fawnish or dark reddish colour, 
and present often a fine pityriasic desquamation ; the eruption is not 
limited by a raised red edge; the fungus Nocardia minutissima 
Burchardt is quite different from the fungi found in dhobie itch. 

Intertrigo is very common in the tropics, especially in corpulent 
persons. The lesions are very superficial, have not a festooned 
contour, and the margin is not sensibly elevated ; no Epidermophyton- 
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or Trichophyton-\ike fungi are found. Saccharomycetic intertrigo 
is rare; there is no elevated margin, and the fungus is found to be a 
Saccharomyces {S. samboni). 

Primary eczema of the scrotum, and of the skin of the thighs in 
contact with it, is as frequent in the tropics as it is in temperate 
zones. The eczema is generally of the moist variety; the moist 
surface, the absence of the festooned elevated margin, distinguish 
it from tinea cruris. As already stated, however, an eczematous- 
like dermatitis due to scratching often develops after a time on old 
dhobie itch lesions. 

Diagnosis of the Toes' Localization. — The complaining of severe 
itching between the toes, even if there are no objective symptoms 
whatever, should in the tropics always arouse the suspicion of a 
possible local fungus infection, especially if the patient suffers at 
the time, or has been suffering, from tinea cruris, and scrapings 
should be made and examined microscopically. It is important 
to make the diagnosis, as by treating the condition the develop- 
ment of that distressing dermatitis known as mango toe (see p. 2036) 
may often be prevented. 

Treatment. — Our usual line of treatment is as follows: — 

Mild Cases. — A resorcin salicylic ointment applied twice daily: 
Resorcin, 3i. ; salicylic acid, gr. x. ; vaseline, lanoline, aa 3iv. 
Tincture of iodine also is very efficacious, but induces a certain 
amount of smarting, and must be applied with care and in only 
very recent cases with no eczematoid lesions. In some cases we 
use Vleminckx’ solution or lotio calcii sulphurati (slaked lime 4, 
sublimed sulphur 4, distilled water 35; boil together, evaporate, and 
hlter to produce 20 of solution), pure or diluted. A sodium hypo- 
sulphite solution (sodium hyposulphite 3ii., aq. Ji.) may also 
be used. 

Severe Cases. — We use a chrysarobin ointment (2 to 5 per cent., 
a good formula being chrysarobin gr. x.-xxv., unguentum zinci gi.). 
The result is generally fairly successful. The patient should be 
informed that the medicine stains the linen, often irritates the skin, 
which may become oedematous and dusky red, and that occasionally 
unpleasant evidences of absorption may take place, with fever, 
diffuse erythema, and hsematuria. Chrysarobin should never be 
used when there is some affection of the kidneys. The irritation 
induced by the chrysarobin ointment may be allayed by calamine 
lotion, lead lotion, or an ichthyol ointment i per cent. 

Chrysarobin is obtained from araroba, which is known by the name ol 
‘ goa-powder ' all over the East. The crude goa-powder, partly dissolved 
in vinegar, is often used, but frequently induces very severe inflammatory 
symptoms. 

In obstinate cases we use local applications of turpentine-oil in the 
morning, and at night a resorcin salicylic ointment; if the parts are much 
inflamed, at night simply a boric ointment. This treatment gives good 
results. Turpentine is generally well borne, but patients often complain of 
a smarting and burning sensation a quarter of an hour after the application. 
Exceptionally one meets with patients who cannot stand turpentine. 
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Cases complicated with Eczematous Dermatitis and Fissures —In 
such cases, in our experience, it is better to use at first a soothing 
treatment by lead lotion, or a solution of resorcin (| to i per cent,), 
or glycerin, boracis in rose-water, with the object of first healing 
the eczematous lesions. Later, to the rhagades which so often 
develop in the inguinal regions, we apply a solution of nitrate of 
silver (arg. nitr., gr. v.-xv. ; sp. seth. nitr., §i.). We touch with this 
solution the rhagades and the moist parts; this application is some- 
what painful, but the pain soon disappears; and the fearful itching 
is relieved almost immediately; moreover, the nitrate of silver 
destroys the fungus. At night we apply a mild ichthyol ointment 
(i per cent.) or hazeline cream all over the eruption; as soon as the 
parts have become less moist, we begin the chrysarobin treatment. 
A precaution, which must always be observed during and after the 
treatment, to prevent reinfection is to dust all the undergarments 
with antiseptic powder — for instance, Manson’s powder (ac. bor., 
zinc, ox., amyli, aa p. i^eq.) ; salicylic powder (ac. salicyl., gr. x.; 
talci venet., gi.); menthol powder (menthol, gr. v. ; alcohol, q.s. ; 
talci venet., §i.); dermatol powder (dermatol, gr. xx. ; talci, gi.) 
It is advisable to wear small bathing-pants, which can be washed 
in the house. 

Treatment oj Generalized Dhohie Itch. — When the eruption is 
diffu.sed all over the body, the simplest treatment is as a rule the 
application of tr. iodi or lin. iodi, treating only one portion at 
a time. A chrysarobin ointment (2 to 5 per cent.) may also be used. 

Treatment of Dhobie Itch localized to the Toes. — During the quies- 
cent periods, or when there is only pruritus and a little scalincss, 

tincture of iodine may be used, or an 
alcoholic solution of salicylic acid 
(2 per cent.). When there are acute 
symptoms of dermatitis, the treat- 
ment must be at first a soothing one, 
as described on p. 2037. 

TINEA ALBA. 

Remarks. — Tinea alba is in reality 
only a form of generalized dhobie itch ; 
the term is applied to various diffuse 
trichophytic and epidermophytic con- 
ditions which give a white powdery 
appearance to the skin of the natives. 

Historical. — This condition was 
first described by Castellani in 1905 in 
Ceylon. Cases have been recently reported by Pijper in South Africa. 

.ffitiology. — The commonest fungi found are Epidermophyton 
rubrum Castellani, 1909, and Atrichophyton maefadyeni Castellani, 
1905 [Trichophyton maefadyeni), the description of which is given 
on pp. 1009 and 1016. 



1 IG. 80^.— Fungus found in 
A varip:ty of Tinea Alba: 
Air. maefadyeni Castellani. 
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Symptomatology. — The arms, legs, chest, and occasionally Ihe 
whole body, present a diffuse eruption of white powdciy appear- 
ance, this being due to 
the very numerous small 
white pit5^iasic squamae 
present. The margins 
of the eruption, when 
the causative fungus is 
Ep, Yubrum, may be dis- 
tinctly raised and dotted 
with minute, close-set 
papules. 

Course and Prognosis. — 

The course is very chronic. 

Apparently the fungi have 
a disturbing action on the 
production of pigment in 
the skin, and after some 
years white leucodermic 
patches may develop, 
in which no fungus is 
found. 

Diagnosis.— This is based 
on the diffuse eruption 
with the abundant fine 
pityriasic desquamation, 
and with well -marked limits ' 

— and the microscopical Fig. 805.— -Tinea Alba due to 

^ mophyton rnbvum Castellani. 



FiGi 806. — Tinea Alba. 


examination. It is quite easily 
distinguished from tinea im- 
bricata by the squama:^ being 
pityriasic, very small, easily 
detached. In leucoderma the 
surface is smooth, no squamae 
being jiresent and no fungus 
found. As already stated, 
however, if the eruption is 
left untreated for a long 
time, leucodermic patches may 
develop. 

Treatment.— The best treat- 
ment is by a chrysarobin 
ointment (2 to 5 per cent.), 
applied with the precautions 
already mentioned. Tincture 
of iodine and liniment of iodine 
may also be used. 
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TINEA ALBIGENA. 

This trichophytosis was first described by Nieuwenhuis in Java, 
Nieuwenhuis' researches have been confirmed and enlarged by 
Jeanselme in Indo-CJiina and in Siam; in the latter country the 
disease is known as khi. The disease is fairly common in the Malay 
Archipelago, and is occasionally met with in Ceylon. 

etiology. — The affection is due to a Trichophyton hxsi described 
by NieuwenhmS' — T. albiscicans Nieuwenhuis, 1907. 

The spores in fresh preparations from scrapings are almost always 
absent; the mycelium tubes arc straight, occasionally showing a 
double contour; they are often dichotomous. Nieuwenhuis has 
grown the fungus, using Sabouraud's sugar media; the growth is 
very slow; the ^colonies are whitish, and show a powdery surface. 



Symptomatology.— The eruption generally affects the palms of 
the hands and the soles of the feet, but may extend to the fore- 
arms and legs, and may affect the nails. It begins with the appear- 
ance of small pruriginous spots on the palms and soles; the 
epidermis becomes raised, and bullse develop, containing at first 
clear serum; the bullae break, and the skin remains dry and peels 
off ; the parts remain tender, and there is desquamation and pruritus. 
A process of diffuse keratosis develops, the palms and soles becoming 
double their usual thickness; deep fissures may be formed at the 
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natural folds. Several horny semidetached discs can often be 
seen at the dilated orifices of the sweat glands. The affection is 
very chronic; it may begin in youth or in adult life. After some 
time a process of apigmentation of the skin sets in, white patches, 
Icucoderma-like, developing, and extending often to the legs and 
arms. 

Treatment. — Tincture of iodine and chrysarobin ointment (i to 
5 per cent.) answer fairly well, but the apigmented patches are not 
cured. 

TINEA SABOURAUDI TROPICALIS. 

This trichophytosis was first described by Sabouraud in patients 
returning from Indo-China, Japan, and Tonkin. We have seen a 
few cases in Ceylon. 

/Etiology. — The disease is caused by the fungus Trichophyton 
blanchardi Castellani, 1905 (synonym, T. sabouraudi Castellani, 
1905). The term T. sabouraudi cannot be applied to this Tricho- 
phyton, as this name has already been used for another Tricho- 
phyton — r. sabouraudi R. Blanchard, 1905. This fungus cannot be 
grown on Sabouraud' s media or any other media we have tried. 
Microscopically the mycelial tubes do not show a double contour, and 
are not very straight; they are often banana-shaped. The seg- 
ments of the mycelium are all separated; the mycelial spores are 
roundish, and are shed without forming a filament by their union. 
They are of various sizes. 

Symptomatology. — The eruption generally commences on the 
uncovered parts of the body, generally on the legs; the patients 
often state that they think the disease is due to prolonged immer- 
sion in stagnant water. The affection begins with erythematous 
patches, the surfaces of which are covered with minute pityriasic 
squamae. After reaching the diameter of about i or inches, the 
patches become circinate. The circination, however, is incom- 
plete; it is only segmentary. In dependent positions large poly- 
cylic patches may be seen, but only one-half or one-third of the 
circles are clearly seen, the rest being badly defined. The base of 
the patches at this stage is of a very dark bistre-brown colour. 
The border shows polymorphic lesions, fine pityriasic squamae, 
minute vesicles and papules. The pruritus is very marked, and 
excoriations, due to scratching, are constantly present. In chronic 
cases a thickening of the skin, with lichenification, takes place, 
specially at the circinate borders. 

Treatment.— The disease is difficult of cure in the tropics, though 
it may disappear spontaneously on the patient proceeding to 
Europe. Chrysarobin ointment (i to 4 per cent.) is the best 
treatment. 
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TINEA NIGRO^CIRCINATA, 

ms trichophytosis has been observed by one of us amon^ Sin- 

^^miolm.-The eruption is due to a Trichophytof^T . ceylonense 
CastelJani, 1908. The spores are very few in number, roundish, 
rather large (4 //), and showing a double contour. The mycelial 
tubes are about 3^ in breadtJi, generally straight. The fungus 
does not grow on any of the ordinary or Saboiiraud s media. 

Symptomatology. — The eruption is found most frequently on 
the neck and scrotum, and consists of a few rings with thick, elevated 
margins, the encircled skin being black — much darker than the 
healthy skin — but not thickened nor presenting papules, vesicles, 
or pustules. The edge is thick, elevated, of a dark colour, with 
the upper portion pinkish or occasionally covered by a dark crust. 
The eruption often heals spontaneously, leaving dark roundish 
patches at the previous seat of the lesions. 

Prognosis. — The eruption may disappear spontaneously, and 
the treatment is easy. 

Diagnosis. — The only dermatomycosis to which it has a slight 
resemblance is Tinea sahouraudi. The latter, however, is very 
chronic, and invades large portions of the body; the rings are 
segmentary, not complete, and the edge is not so thick and elevated. 

Tiie condition may have also to be distinguished from a circinate 
framlxcside or ringworm yaws, in which no fungus is found, while 
Treponema pertenue Castellani, is present. 

Treatment. — Tincture of iodine, freely applied, answers well. 


TINEA CAPITIS TROPICALIS. 

Definition. — Tinea capitis tropicalis is ringworm of the head 
as seen in the tropics. 

History. — Celsus in the second cliapter of the sixth book of his 
' De Mcdicina ' gives an account of ringworm of the head under the 
name ‘ porrigo.’ His words arc: ‘ Porrigo auten est, ubi inter pilos 
quaedam quasi squamuhe surgunt, caeque a cute resolvuntur; et 
interdum madent, multo saepius siccae sunt.' 

Bishop Fortunatus, who lived in the sixth century a.d., uses the 
name ' tinea ’ in the following passage: ‘ Lavans capita egenorum, 
defricans quicquid erat, crustam, scabiem, tineam nec purulentam 
fastidiens.' 

In the tenth century Ali ben Abbas (often written Haly), who 
lived in Persia, described the complaint under the terms ' sahafati ' 
and ‘ alvathim.’ 

The Anglo-Saxons applied the word ' teter ' to any kind of skin 
disease which itched, and in this form it was used in middle English. 
In the fourteenth century Guy de Chauliac wrote a work on surgery 
in which he used the word ‘ teigne,' deriving it from ‘ tenir.' 

With the advent of printing it was called ‘ tetters,' in England 
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[vide Langham’s 'Garden of Health/ 1633), but in or before the 
sixteenth century the word ' ringworm ' (vide Levins or Levens, 
Manipulus Vocabulorum,* London, 1570) had appeared for the 
disease tinea circinata. In 1695 Willis in his ' London Practice of 
Physick ' devoted a chapter to the subject of the running scab, 
tetter, or ringworm. 

With a history such as this it is not astonishing that the early 
English writers on tropical medicine refer to the same disease as 
seen in tropical countries. 

Thus in 1746, in his work on the diseases of Barbados, Hillary 
says that it was noticed by the first voyagers to the West Indies, 
and that it probably is the same disease as that called by the natives 
' CO wrap.’ He gives a good clinical description of tmea circinata as 
he saw it in Barbados, and he is supported by Wright (‘ Essays on 
the Malignant Fever of the West Indies ’), who stated that it was 
common in Jamaica. 

Winterbottom in 1803, under the term 'herpes,’ describes the 
disease in Sierra Leone, calling it serpigo, ringworm, or tetters, and 
distinguishing it from kra-kra. 

So far it would appear as though only the body ringworm or tinea 
circinata was meant by the terms ‘ tetters ’ and ‘ ringworm,’ but in 
1817 Bateman, the pupil of Willan, who completed his master’s great 
work on skin diseases, published an atlas on the same subject, in 
which Plate XXXIX. induces Sabouraud tobelieve that he recognized 
the identity of the two conditions. In 1824 Fhimbe showed that 
inoculation of ringworm of the scalp would cause ringworm of the 
body, and vice versa. 

These publications appear to have stirred the practitioners of the 
tropics to study the disease, as it was described in India by Young, 
in 1826, and in the Malay Archipelago by Lesson, in 1829. 

In 1832 Alibert published the first edition of his celebrated 
' Monographic des Dermatoses,’ which stimulated the continental 
medical mind of the day, as is reflected by Smith’s description of 
the disease in Peru, in 1840, and Pruner’s in Egypt, in 1847. 

In 1839 Schonlein discovered the fungus causing favus. 

In 1842 Gruby, who had already repeated Schoenlein’s observa- 
tions on the parasite of favus, discovered a new cryptogam in tinea 
barbae, which was an ecto-endothrix. 

In 1843 he found Microsporum audouini, and six months later, on 
April I, 1844, he described an endothrix as the parasite of herpes 
tonsurans. It is, however, but just to state that, without Sabouraud's 
generous treatment, much of Gruby ’s work might have been per- 
manently overlooked. 

In 1845 Malmsten gave the name of Trichophyton to the parasite 
of tinea tonsurans. 

It is asked that the reader will kindly observe the spelling of the 
names of these two genera. Gruby called the one Microsporum, 
not Microsporon, and Malmsten named the other Trichophyton, not 
Trichophytum. 
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These researches naturally aroused much interest and m 1855 
Hevmann showed that the disease existed in the East Indies, but 
it is noticeable that be makes no mention of observing a parasite in 


the affection. i- • ai. 

In i 8 y 4 Blanc described the occurrence of the disease in Abyssinia, 
where Merab states that it is very common, and where it is treated 
by the juice from the fruits and leaves of Byyoniu deotca and by 
tobacco powder, as well as by sulphur ointrnent. 

In 1872 the Army Sanitation Commission induced the British 
Government to instruct Tilbury Fox and Farquhar to obtain a 
better knowledge of the endemic skin diseases of India, and to bring 
about an agreement between the profession in India and England as 
to nomenclature, typical characters, varieties, and probable causes 
of these diseases. Thanks to the interest of Lord Granville, Lord 


Kimberley, and Sir Alexander Armstrong, this inquiry was extended 
to China, Japan, Egypt, Algeria, the West Indies, and Honolulu, 
and the finished report was published in 1876. 

The net result of this inquiry as far as ringworm was concerned 
was unfortunate, as it led to the dogmatic assertion that the ring- 
worm of the body in the tropics was the same as that of temperate 
climes. 


In 1873 van Leent drew attention to the large number of cases of 
ringworm of the head in Chinese in the island of Banka, in 
Malaysia. 

In 1878 Corre gave a description of the disease and its parasite 
as seen in Nossi-Be. 


From 1890 the possibility of plurality in the species of Tricho- 
phyton was raised, but it was not until Sabouraud in 1892 began 
those brilliant researches which he has carried on to the present day 
that this was definitely established. In this year he showed lhat 
ringworm of the scalp could be divided into two main groups — viz., 
those with small spores belonging to the germs Microsporum Gruby, 
1843, and those with large spores belonging to the genus Tricho- 
phyton Malmsten, 1848. The large-spored fungi of the scalp he 
divided into five species, which were afterwards named T richophyton 
crateriforme = T. tonsurans, T. acuminatum = T. sahouraudi, T. gyp- 
seum, T. violaceum, and T. rosaceum. 

In 1893 he further divided the Trichophytons into two groups, 
which he named Endothrix and Ecto-Endothrix (Ectothrix), and 
which corresponded with Gruby’s two divisions. His researches 
were speedily confirmed by many observers, among whom may be 
mentioned Adamson, Colcott Fox, Malcolm Morris, White, and 


Mibelli. 


In 1900 Matruchot and Dassonville showed that the Trichophytons 
were closely allied to the Gymnoascaceae, and that Ctenomyces 
serrata Eidam, 1880, when injected into animals produced a Tricho- 
phyton-like mycelium and eruption. 

The further history may perhaps be better discussed according 
to the countries. 
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Brazil , — ^The history of ringworm in Brazil appears to date from 
the appearance of Silva Araujo*s ' Atlas des Maladies de la Peau/ 
which contained an account of favus and of a Trichophyton causing 
sycosis, both supported by microscopical observations. 

Later Fernando Terra grew Achorion schoenleini from an atypical 
case of favus, and some form of fungus from a case of tinea capitis 
tropicalis, which was traceable to infection from a cat, and was there- 
for e pr obably T. Jelineum . The sixth Brazilian Congress of Medicine 
and Surgery, held in 1907, is remarkable for the appearance of 
papers on ringworm in which the parasitic fungi were studied 
according to Sabouraud's classical methods. It was at this meeting 
that Rabello announced that he had found T, violaceum, M. audouihi, 
and M. lanosum. 

In 1909 Lindenberg reported the presence of T. sabouraudi, Horta 
announced that M, Jelineum has been found in a considerable 
number of cases at Sao Paulo, and also isolated T. album Sabouraud, 
1907. 

In igii Horta discovered M. jlaves^ens, and in 1914 he found 
a new Trichophyton, which was subsequently described and named 
T. griseum by Vasconcellos. 

Argentina . — In 1907 Uriburu discovered M.Julvum, and in 1909 
T, exsiccatum and T. polygonum. 

Central America . — In 1913 Brumpt named a peculiar parasite, 
discovered by Darier in a dermatosis resembling pinta, T. carateum. 
This disease was found in Central America. 

Africa . — In 1896 Courmont described two forms of tinea capitis 
tropicalis seen in Senegal. 

In 1902 Bodin found T. violaceum Bodin in North Africa. 

In 1904 Jeanselme announced that Courmont had found M. 
audouinl among the negroes of Senegal, and that Sabouraud and 
himself had found a Trichophyton (subsequently named T. circon- 
volutum by Sabouraud in 1909) in white people returning from the 
Western Sudan. 

In 1912 Joyeux discovered T. soudanense in the Western Sudan. 

Ceylon . — In 1905 Castellani discovered T. violaceum var. decalvans 
in tinea capitis tropicalis, T. maefadyeni Castellani, in tinea corporis 
tropicahs, and T. blanchardi Castellani in tinea sabouraudi tropicalis, 
a term also used for the disease caused by T. Sabouraud. 

In ipo8 he observed T. ceylonense Castellani, in cases of tinea 
nigro-circinata. 

In 1912 he foimd T. nodojormam Castellani in tinea barbae 
tropicalis and in tinea ciliorum. 

Tropical Queensland . — In 1914 Priestley discovered M. scorteum 
Priestley in tinea corporis tropicalis. 

In the Anglo-Egyptian Sudan Chalmers and Marshall found 
Trichophyton currii Chalmers and Marshall, 1914, to be the cause of an 
epidemic, and later Trichophyton discoides Sabouraud, 1909, in 
oi;e case, while Chalmers and Macdonald have met with numbers' 
of cases due to T. violaceum Bodin, 1902, var. khartoumense^. 
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Geographical Distri,bution. — ^Tinea capitis is found in every part 
of the tropics, but its incidence varies from country to country, and 

is far less common than epi- 
dermophytoses and tricho- 
phytoses of the body. 

In our experience tinea 
capitis is less common in India, 
Ceylon, and tropical Africa 
than in Europe and America. 
On the other hand, it is ex- 
tremely common in American 
negroes. 

iEtiology. — The following 
fungi have been found in cases 
of tinea capitis tropicalis :■ — 

Genus Microsporum Gruby, 
1843. 

1. M. audouini Gruhy, 1843, 
in Brazil, Western Sudan, 
Northern Africa and Mada- 
gascar. 

2. M. fulvum Uriburu, 1907, 
in the Argentine. 

3. M. scorteum Priestley, 
1914, in Tropical Queensland. 

Genus Trichophyton jMalmsten, 1848. 

1. T. circonvoliiUim Saboiiraud, 1909, in Senegal and Dahomey. 

2. T. exsiccatum Uriburu, 1909, in the Argentine. 

3. T. polygonum Uriburu, 1909, in the Argentine. 

4. T. sahouraudi R. Blanchard, 1895, in Brazil. 

5. r. soudanense Joyeux, 1912, in Western Sudan. 

6. T. violaceum Bodin, 1902, in North Africa. 

7 T. violaceum Bodin, 1902, var. dccalvans Castellani, 1905, in 
Ceylon. 

8. T. violaceum Bodin, 1902, var. kharioumense Chalmers and 
Macdonald, 1915, in the Sudan. 

9. T. currii Chalmers and Marshall, 1914, in the Sudan. 

Genus Ectotrichophyton Castellani and Chalmers, 1918. 

E, discoides (Sabouraud, 1909) in the Anglo-Egyptian Sudan. 

Genus Achorion Remak, 1845. 

T. A, schoenleini Lebert, 1845, in the Anglo-Egyptian Sudan 
Egypt, Tunis, Tripoli, Algeria, China, causing favus. 

2. A. quinckeanum Zopf, 1890; the cause of mouse-favus, rarely 
infects man. 
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3. A. gypseum Bodin, 1907; very rare. 

The description of all these fungi is found in Chapter XXXVIII., 

Symptomatology.^ — It may be said in a general way that the 
principal clinical signs are the same in the tropical types of the 
affection as in the temperate zones, though the medical man who 
has studied the subject thoroughly will soon be able to detect small 
clinical differences, and will soon realize that as a general rule 
each species of fungus gives rise to a slightly different type of 
disease. 

Tinea Capitis Microsporica (Microsporosis). — Tinea capitis due to fungi of 
the genus microsporum, usually known by the term microsporons in derma- 
tological literature, is rare in tropical and subtropical countries. The affection 
attacks, usually, only children. The affected patches are studded with stumps 
of broken hair, which are loosened and brittle, have lost their natural gloss, and 
show a whitened appearance caused by the fungus producing a gre3rish sheath 
round the hair. The microscopical examination of the affected hair after 
treatment with liquor potassae will show presence of so-called spores, roundish 
or ovoid, 2-4 /x in diameter, irregularly distributed, while those of the tricho- 
phytons are often larger (3-8 /x), square with rounded angles, or somewhat 
oblong, and arranged in dehnite regular chains. 

Tinea Capitis Trichophytica (Trichophytosis). — This is common in the 
tropics and may be caused by a number of trichophytons which have been 
mentioned in the Etiology. In Chapter XXVIII., p. 995, we have given a 
botanical classification of the genus Trichophyton, creating several subgenera. 
In most dermatological works, however, a simpler classification is followed. 
Two groups are differentiated: endothvix and endo-eciothrix, the latter cor- 
responding to the original Sabouraud’s ectothrix. The endo-ectothrix 
group is subdivided into two types: with large spores (megaspores), with 
small spores (microides). Those of the microides type produce a greyish 
sheath round the hairs, like the microsporons, but the so-called spores are 
arranged in regular chains, a feature never observed in the microsporons. 
The' microides trichophytons arc pyogenic, and often cause kerion. 

As we have already stated, each species of trichophyton gives rise to a 
slightly different clinical type of the affection. Among the many types we 
may briefly notice “ Black-dot tinea tonsurans " and “ Tinea decalvans 
tropicalis.” 

Black-dot Tinea Tonsurans.- -~Thi?y type is common in Europe, but is at times 
observed also in subtropical and tropical countries. It is caused by Tricho- 
phyton sahouraudi Blanchard, usually known in dermatological literature 
by the name of Trichophyton acuminatum. The scalp presents scurvy patches 
with minute dark dots, best seen with a lens. These dots are pigmented, 
coiled up stumps. 

Tinea Decalvans Tropicalis. — This variety, described by Castellani, is common 
in Ceylon. It generally attacks children, especially of the moormen com- 
munity. The scalp presents one or several white patches covered with an 
enormous number of heaped-up white pityriasic scales. The scales and the 
broken hairs, examined microscopically, show presence of an endo-ectothrix 
fungus, which, when cultivated, shows some characters of T. violaceum 
Bodin (T. violaceum Bodin var. decalvans Castellani). A very serious symptom 
is that the patches as a rule remain permanently bald. 

Tinea Capitis Favica (Favus). — This affection, common in Southern and 
Eastern Europe, is found in some subtropical countries, such as certain parts 
of North Africa and China, but is rare in .the tropics. The condition is recog- 
nized by the sulphur-coloured cup-shaped scabs, the peculiar mousy odour 
and presence of atrophic scarring. The hair is lustreless and discoloured, 
but does not break off as in ringworm. 
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Diagnosis. — This is based on the clinical characters mentioned, 
and on the microscopical examination of the hairs and squamae 
in liquor potassae. Cultural methods should also be used. 

Prognosis. — This is rather bad in the common variety found in 
Ceylon, due to T. violaceum var. decalvans, as the patches in most 
cases remain permanently bald, though fortunately they are, as 
a rule, of small dimensions. The treatment of every type of tinea 
capitis is long unless X rays are used. 

Treatment. — The Rdntgen rays treatment, using Sabouraud's 
method, is by far the best and quickest. Details on the technique 
will be found in any up-to-date book on dermatology. In many 
tropical places this treatment is out of the question, and epilation 
and application of turpentine oil, tincture of iodine, or— with care — 
a chrysarobin ointment (2 to 5 per cent.) must be resorted to. 

Garrett recommends the application of liquor ferri perchloridi fort. (B.P.) 
after thorough cleaning of the patches with benzene. Sabouraud at one 
time recommended the internal administration of tallium acetate. Cicero 
uses a 5 per cent, solution, giving as many drops "as is'represented by twice 
the number of kilogrammes of the child's weight. 


TINEA BARBiE TROPICALIS. 

The same remarks can be made on this subject as on tinea capitis. 
Cases are found in the tropics, though apparently less frequently 
than in temperate zones, and the fungi have so far been very little 
investigated. In Northern Africa a fungus commonly found is 
Trichophyton violaceum Bodin; in Ceylon T. nodoformans Castellani 
is often found. 

Symptomatology. — The dry variety, with scaly, often g5Tated 
lesions, and the pustular variety, with purulent folliculitis, can be 
distinguished. ' 

We have seen a typical case of kerion barbse due to T. nodo- 
Jormans in a person who was suffering from tinea cruris due to the 
same fungus. 

Diagnosis. — The diagnosis, in the pustular type, is based on the 
spreading folliculitis with brawny swelling and the microscopical 
examination of the hair; in the scaly type, on the frequent gyrate 
type of the eruption and the microscopical examination of the 
scales and hair. 

Prognosis. — The disease takes a long time to get well, even under 
appropriate treatment. 

Treatment. — This consists in epilation of the affected region, 
each day clearing a square inch or so, followed by the application 
of some antiseptic ointment such as Crocker's ointment of sulphur, 
3ss.-3i.; ac. carbol., 3ss. ; lanolin c oleo, 5b; or oleate of copper, 
5ss. to 5i. 

Tinea Cillorum. 

We have seen a case of llus affection in a man suffering from generalized 
dhobie itch, due to T. nodoformans. The lid was swollen and red, many 
cilia were broken, and there was purulent inflammation of the hair follicles. 
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TINEA UNGUIUM TROPICALIS. 

Synonym. — Onychomycosis tropicalis. 

Cases of tinea unguium, or onychomycosis, occur in the tropics, 
and are generally due to the same fungi producing dhobie itch, 
both Epidermophytons and Trichophytons. The nails of Ihe fingers 
as well as of the toes may be affected. Tinea unguium may be 
caused also by fungi of the genus Endodermophyton, the nails being 
often affected in tinea imbricata. 

Symptomatology. — The affected nails have often a peculiar 
yellowish opaque or blackish discoloration, and a rough surface; 
they become brittle, and splitting and chipping of the free border 
takes place. 

The diagnosis is principally based on the microscopical ex- 
amination of scrapings. A soaking in liq. potassae (40 per cent.) 
for twenty-four hours is often necessary to disintegrate the nail 
substance and to find the fungi. 

Treatment. — ^This is most difficult. The affected nails must be 
softened by rubbing in liquor potassae, and then wet dressings of 
hyposulphite of soda (25 per cent.), or a solution of potassium iodide 
grms. X., iodine grm. i., water 1,000 c.c., must be regularly applied. 
Tn the onychomycosis found in cases suffering, or having suffered, 
from tinea imbricata, the daily application of resorcin in tincture of 
benzoin (3i. to Ji.) is useful. 


TINEA IMBRICATA (TOKELAU). 

Definition. — ^The term ‘ tinea imbricata ' is used to denote a 
tropical dermatomycosis, or, more correctly, a group of dermato- 
mycoses, due to fungi of the genus Endodermophyton Castellani, and 
clinically characterized by the presence of extensive, flaky, scaly 
patches, the scales being large, tissue-paper-like, firmly adherent 
by their bases, and arranged in concentric rings or parallel lines. 

Synonyms. — As is the case with several other tropical diseases, 
such as framboesia and Oriental sore, there is a very large number 
of synonyms, which may be classified as follows : — 

(a) From the name of the centres where the disease is rife; for 
instance, the term ‘ Tokelau,' generally used by French writers, is in 
reality the name of an island, Tokelau, where the malady is very 
common. Other synonyms are 'Tokelau ringworm,' used by 
Tilbury Fox, ' Bowditch ringworm,' the name Bowditch being used 
by some writers to indicate the island of Tokelau, ' South-west 
Gune,' the term ' gune ' meaning skin. 

( 5 ) From the name of the patient who first introduced the disease 
in certain countries. In the island of Tokelau, for instance, the 
disease used to be known as ' Le Pita,' from ‘ Peter,’ the name of 
the native of Tamana, one of the Gilbert Islands, who, according I0 
Turner, in 1850 introduced the disease into Tokelau. 
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(c) From certain clinical appearances: ' Tropical ichthyosis/ a bad 
term, as in the tropics true ichthyosis is far from rare; ' Dermato- 
mycosis chronica figurata exfoliativa ' (Tamson) ; ‘ Herpes farinosus ’ 
(Ritter); ‘Herpes desquamans * (Turner); ‘Tinea imbricata/ a 
term introduced by Manson, and which is now the one most generally 
used. 

{d) From the generic name given to the fungus: ‘Aspergillosis ' of 
Wehmer; ‘ Lepidophytosis’ of Tribondeau ; ‘ Endodcrmophytosis ’ of 
Castellani. 

(e) From the name of the authors who have more completely 
studied the disease: ‘ Manson’s herpes/ ‘ Turner's herpes/ etc., the 
term ‘ herpes ' being used by Roux and others in the obsolete meaning 
of epiphytic skin disease. 

(/) Terms apparently of unknown origin, such as ‘Gugo,’ a 
denomination much used in the Marshall Islands; ‘ Cascade,' a term 
used in the Molucca Islands; ‘ Buckwar,' etc. 

History. — The first recognizable account of the condition is to be 
found in Dampier’s ‘ Voyage Round the World,' published in 1789. 
Dampicr saw the disease in the Philippine Islands in Mindanoa, in 
Guam, and in the Ladrone Islands. About the end of the same 
century Dentrescasteaux described cases of the same condition in 
Tonga. In 1811 Mar.sden observed it among tlie natives of Polo 
Mas, on the west coast of Sumatra. In Alibert's ‘ Atlas,’ published 
in 1832, there is a reference to the disease. In 1841 the disease was 
recognized by the medical officers attached to the United States 
Exploratory Expedition led by Commodore Wilkes, and Fox in 
1844 described it under the name of ‘ gune,' the term used by the 
Gilbert Island natives. 

In the reports of the Samoa Medical Mission for the year 1869 
there is a good description of the malady by Geo. Turner. In 1874 
Tilbury Fox gave a description of the complaint under the term 
‘ Tokelau ringworm,’ and noted the presence of a fungus in the scales 
sent to him from tlie tropics. He considered it to be identical, or 
very similar to, the fungus of European ringworm. From the 
drawings given the fungus described by him seems, however, not 
to have been a trichophyton-like organism, but an aspergillus-like 
contamination. From that time discussion began, which went on 
for several years, on the subject whether the disease was a separate 
entity or merely European ‘ ringworm ' modified by the different 
climatic conditions. Apparently the great majority of the European 
authorities, who, however, had no personal experience of the 
condition, were against considering the disease a separate one, while 
the medical men practising in the tropics generally believed it to be 
a different disease from ringworm. Valuable researches were carried 
out by McGregor in 1870 and Koniger in 1878. Manson's researches 
on the malady — in China from 1879 to 1882- — are by far the most 
important. He gave a complete clinical description of the malady, 
and introduced the very appropriate name of tinea imbricata; 
moreover, he very correctly described the microscopical appearances 
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of its fungus, though, as might be expected, using the technique of 
that time, attempts at growing it did not succeed. More recently 
the condition has been studied by Tribondeau, Nieuwenhuis, Wehmer, 
and many others. Castellani has succeeded in growing the fungus 
artificially, and in reproducing the disease by inoculating pure 
cultures of it ; he has shown also that there is more than one variety 
of the affection and more than one species of the fungus. He has 



Fig. 809. — Tinea Imbricata. 


demonstrated that the aspergillus-like fungi described by a number 
of authorities are merely saprophytes, and that the true setiological 
agents are those fungi for which he has created the genus Endo- 
dermophyton. 

Climatology. — The home of tinea imbricata seems to have been 
the Malay Peninsula, from whence it spread towards the south and 
the east to many islands of the South Pacific, northwards to some 
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Fig. 8io. — Tinica. Imbricata. 



Fig. 8ii. — Tinea Imbricata 
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parts of China, as far as Foochow and Formosa, and westwards t6 
Burma and Ceylon. The Gilbert group of islands seems to have 
become heavily in- 
fected since the begin- 
ning of last century. 

In 1859 is said that 
a native of Tamana, 
an island of the Gilbert 
group, affected with the 
malady, landed at 
Bowditch, an island 
called also Tokelau, in 
1859. From that year 
onwards the disease 
spread rapidly all over , 
the Bowditch or Toke-^r 
lau Island. The Tamana 
man who brought the 
disease was called Fig. S12.— Fungus in the Scales 

Peter, hence the disease (From a staine d prepavatior. ) 

became known in Bow 

ditch or Tokelau as ‘ Le Pita' — viz., * The Peter.' From Tokelau 
the disease spread to Samoa, according 10 Turner and Koniger, in 




Fig. 813. — Tinea Imbricata. 

1869, and to many other I islands, where it became known as 
Tokelau. At the present time the disease is extremely common 
in the Malay Peninsula, some parts of Indo-China and Southern 
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China, Borneo, Samoa, Java, the Solomon Islands, New Guinea, 
Sumatra, Fiji. According to Daniels, the disease was first intro- 
duced into Fiji by some Solomon Islanders in 1870, and within 
the following two years became extremely prevalent. In certain 
of the Pacific Islands one-third to one-half the population is 
affected. The disease is common in some districts of the Philippine 
Islands, the Ladrones, the Loyalty Islands, New Caledonia, and 
some districts of Burma. Until 1904 the disease was believed to be 
non-existent in Ceylon, but in that year Castellani recorded the 
first case. During the last few years the disease has greatly 
spread in this island, and it is now fairly common, though not 
so common as in the Malay Peninsula or Fiji. India is said to be 



Fig. 814. — Tinea Imbktcata. 


so far immune, but two typical cases hailing from Southern India 
have been seen by Castellani. Cases have been reported from 
Brazil and other parts of tropical America, but some doubt has been 
expressed as to their being cases of true tinea imbricata. The cases 
so far reported from Africa are also doubtful. 

The climatic conditions favourable to the rapid development and 
spread of the disease are represented by a warm, damp, equable 
climate, with a temperature of 80° to 90° F., the same climate, as 
Manson so truly remarks, that is favourable to the growth of cocoa- 
nuts; in fact, the geographical distribution of tinea imbricata 
corresponds almost exactly to the districts where cocoanuts thrive. 
In those countries which, though at certain times extremely hot, 
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have a cold and cool season — such as many parts of India and China 
— ^the^ disease apparently does not spread. 

iStiology. — The aetiology of this dermatomycosis has been the 
subject of numerous controversies. Manson first, in 1872, de- 
scribed a trichophyton-like organism in the squamae; with the 
laboratory technique of that time attempts at cultivation did not 
succeed. Blanchard considered it non-cultivable, and called it 
Trichophyton concentricum * ; on the other hand, Nieuweiihuis 
stated that it was quite easily cultivated direct on solid media from 
the squamae, and was characterized by the colonies being crateriform. 
His results were not confirmed. In recent years the general opinion 
has been that aspergillus-like fungi were the real cause of the disease. 
Tribondeau described fructifications somewhat similar^to those of an 
aspergillus, and created for the fungus the genus Lepidophyton 



Fig. 815 . — Tinea Imbricata. 

(Ae7rt9=scale; pvrov =pl 3 .nt). Wehmer has described it as a true 
aspergillus — Aspergillus tokelau. The investigations carried out 
by Castellani have demonstrated that the aspergillus and aspergillus- 
like fungi have nothing to do with the disease. When they are 
present in the squamae, they are merely saprophytes or contamina- 
tions. By using a special technique he has succeeded in growing 
the true fungi causing the disease, which must be placed in the genus 
Endodermophyton. Castellani recognized at first two species, and 
later four: Endodermophyton indicum, Endodermophyton tropicale, 
Endodermophyton concentricum , and Endodermophyton mansoni. It 
is probable that further investigation will reveal the existence of some 
more species. The description of these fungi will be found in 
Chapter XXXVIII., p. 1016. 

Predisposing Causes. — As regards age, many authorities state that 
the disease is more common in children than in adults. In Ceylon, 

130 
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however, the condition is rare or absent in infants and children, 
while the persons affected are generally young adults, but it may 
be found also in very old persons. Women are attacked less fre- 
quently than men. Villagers and people living in the country are 
much more liable to contract the malady than people living in 
large towns. It is doubtful whether there is any racial disposition. 
In Fiji, however, it has been observed that while extremely common 
in the indigenous population, it is comparatively rare among the 
immigrant Indian coolies. The Tongans also are said to contract 
the disease rarely, and this relative immunity, according to them, 
is due to the habit they have of regularly anointing their bodies — 



Fig. 8i6. — Tinea Imbricata of the Forearm (Old Case). 


a habit not shared by the Fijians. A hot, moist, equable climate 
seems to be the most suitable for the development of the fungus 
and the spreading of the disease. Manson has justly remarked 
that the climate which is suitable for the growth of cocoanuts is 
also the best for the fungus of tinea imbricata. 

Symptomatology. — The eruption begins with one or several small, 
roundish or oval, slightly raised, dark brownish patches, very itching. 
Soon the central portion of each patch splits, and a ring of flaky large 
scales attached at the periphery is formed. This scaly ring extends 
peripherally, and in the meantime another brownish patch appears in 
the centre at the site of the first brown spot ; the new brownish patch 
breaks, and a second scaly ring is formed, which extends peri- 
pherically inside the first ring, and so on until a very large roundish 
patch is formed, containing several concentric scaly rings. Manson 
has aptly compared this formation of rings to concentric ripples 
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produced by a stone thrown into a pool of water, and when the 
•eruption starts from many points, as is often the case owing to auto- 
infection, it is as if a shower of stones had fallen in the pond, and 
many systems of spreading rings are produced which intersect each 
other in various directions, and give rise to a more complex pattern. 
The patches extend at the rate of a quarter to half an inch a week. 
In a well-marked, advanced 
case of the disease the skin 
of practically the whole 
body is covered with round 
patches, each of which 
presents several concentric, 
not inflamed, scaly rings. 

The scales are flaky, re- 
sembling tissue paper, of 
large size — up to half an 
inch in length — dry, of a 
dirty greyish or brownish 
colour, and slightly curled. 

The largest scales are 
generally found on the 
back. Each scale has a 
free border, and is firmly 
attached by the opposite 
side; the free border of 
each scale is towards the 
centre of the circle, while 
the attached border is 
towards the periphery. If 
the scales are removed, 
rings of concentric circular 
dark lines remain visible, 
a quarter to half an inch 
apart. The number of 
rings forming the patch 
varies; as many as eight 
and ten may be present 
in the same patch. The 
eruption may spread to 
any part of the body except the scalp. Though several authors 
state that the eruption never affects the face or axilla, and rarely 
the palms and soles, it is often observed in such situations. The 
nails may be affected and become much thickened, with rough 
surface and deep cracks. Scrapings examined in liq. potassae 
show the fungus. The fungus never invades the hair follicles. 
The general health is not much affected, but the patients complain 
■of the disfigurement and of the unbearable pruritus. The pru- 
ritus greatly increases apparently if the patient is given certain 
diets — for instance, dry-fish diet. In the hot season the pruritus is 



Fig. 817. — Tinea Imbricata. 
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much more marked. The disease is very chronic and very difficult 
to cure. In many cases the blood shows a certain degree of 
eosinophilia, the number of eosinophile leucocytes varying between 
6 and i6 per cent. In some cases the eosinophilia is probably 
due to the presence of intestinal worms; the eosinophilia is, however, 
observed also in some cases in which the microscopical examination 
of the faeces does not show any ova of worms. In very old cases 
the eosinophilia is more marked than in recent ones, and signs of 
anaemia may be present. 

Clinical Varieties. — The eruption may after a time or from the very 
beginning have a diffuse appearance instead of that of concentric 



Fig. 8i8. Experimental Tinea Imbricata obtained by inoculating 
Cultures of Endodermophyton tropicale. 


rings. The scales, however, are typical and identical to those found 
in the concentric type— viz., they are large, tissue-paper-like, 
partially covering each other like tiles on a roof, and most of them 
firmly adherent by their bases. One variety of the disease is 
characterized by the facility with which extensive pieces of epi- 
dermis can be stripped off — -a condition almost comparable to 
moulting. 

The same fungus — viz., either Endodermophyton tropicale or 
E, tWtcww— may give rise at times to the concentric type, at other 
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times to the diffuse type. In some cases the lesions caused by 
E* indicum seem to be slightly different from those given by 
E, tropicale, the lesions caused by the former being perhaps a little 
more superficial and the scales not situated so close together. Further 
researches will probably show that there 2xe several other species of 
Endodermophytons, each of which will probably give rise to a 
slightly different type of the disease. 

Experimental Reproduction of the Disease. — The disease is easily 
reproduced in human beings by inoculating scales, ^as was done by 
Manson, or pure cultures of the fungi, as done by Castellani. The 
incubation period by the first procedure is eight to ten days. 
By inoculating cultures of the fungi the incubation period is generally 



Fig. 819. — Experimental Tinea Imbricata obtained by inoculating 
Cultures of Endodermophyton indicum. 

Compare with Fig. 818. Note the different clinical appearance from experi- 
mental tinea imbricata induced by Endodermophyton tropicale. 

somewhat longer (twelve to twenty days), but the eruption develops 
typically. It is of interest to note that if very old cultures are used 
instead of young ones the inoculation may fail completely, or merely 
an evanescent, superficial, papuloid, trichophytic-like patch may 
be induced. 

Diagnosis. — This is easy, the presence of concentric rings fringed 
with large tissue-paper-like scales being characteristic. Even when 
the concentric rings are not present and the eruption is diffuse the 
diagnosis is not difficult, being based on the characteristic large, dry, 
tissue-paper-like scales, overlapping each other like tiles on a roof, 
and containing under microscopical examination an enormous 
amount of interlacing mycelial tubes. | 
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Differential Diagnosis— Tinea imbricata has an abso- 
lutely different clinical aspect from any type of body ringworm; 
inflammatory signs are totally absent, and the scales are very large, 
flaky, firmly attached by their bases, and arranged in parallel lines or 
concentric circles. The scales contain an enormous amount of the 
fungus. 

Ichthyosis . — The medical man newly arrived in the tropics often 
mistakes the disease — ^when of the diffuse type — for ichthyosis, so 
much so that it has also received the name of tropical ichthyosis. 
The microscopical examination of the scales will clear the diagnosis 
at once. 

Pityriasis rubra . — In tinea imbricata there is not the intense 
hypersemia of the skin, and the scales are firmly attached. The 
microscopical examination will clear the diagnosis in any doubtful 
case. 

Tinea intersecta . — Tinea intersecta begins in a manner somewhat 
similar to tinea imbricata, dark-brownish patches being present at 
first, and the fungus in both eruptions growing between the super- 
ficial and deep strata of the epidermis. In contrast to tinea imbri- 
cata, however, the eruption never develops in concentric rings, the 
scales are not firmly attached, and the cure is easy. 

Prognosis. — The disease has no tendency to spontaneous cure, 
and the treatment is difficult. The general health is not much 
affected, but the patient complains of the disfigurement, which is 
very great, and of the pruritus, which in the hot season may be 
unbearable. Europeans complain also of pain, especially if the 
fungus attacks the hands. In very chronic cases signs of anaemia, 
general weakness, and emaciation may appear. Coolies affected with 
the malady in an advanced stage are unable to work owing to 
the extreme pruritus; hence the disease is of great economical 
importance, as it may greatly decrease the supply of labour on 
estates, etc. 

Treatment.— PIvery medical man practising in the tropics well 
knows how difficult is the treatment of tinea imbricata. It is easy 
to obtain a temporary improvement, and even a disappearance of 
the eruption; but as soon as the treatment is discontinued the 
eruption, as a rule, starts afresh. 

Strong iodine liniment, as recommended by Manson, or resorcin 
dissolved in tincture of benzoin (resorcin, 3ii.; tr. benz. co., Ji.), as 
recommended by Castellani, or chrysarobin ointment (5 per cent.) 
give, on the whole, the best results. 

In the Colombo Clinic of Tropical Medicine one of us made various 
experiments to test the efficacy of the various medicaments by applying 
simultaneously difierent liniments, ointments, etc., to symmetrical parts of 
the body, and comparing the result. According to his results: — ' 

Sulphur has practically no effect whatever on the fungus. 

Turpentine generally induces a slight improvement, some scales disappear- 
ing, and the skin becoming smoother; the improvement, however, is not per- 
manent, and as soon as the turpentine application is discontinued the typical 
scales reappear. 
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Calomel and other ointments of mercurial preparations do not induce any 
improvement in the eruption. 

Thymol and Naphthol ointments may cause a slight improvement. 

Carbolic A cid and Epicarin ointments have no effect whatever. 

Cyllin ointment (20 to 50 per cent.) may induce a temporary im- 
provement. 

Formalin is very effective for localized patches. The usual 40 per cent, 
solution is applied with care, treating each time a small portion of the erup- 
tion. Formalin often causes severe pain and a certain degree of inflammation, 
which is best relieved by applications of iced water. Soon after the applica- 
tion of formalin the patches become dark brownish, which colour lasts for a 
few days, when they clear. Care must be taken not to apply the formalin 
to too large portions of the skin, and not to repeat the application too often; 
otherwise a peculiar form of apigmentation, similar to leucodermic patches, 
may appear later on, to which disfigurement coloured patients strongly 
object-. 

Chrysarobin . — The repeated application of chrysarobin ointment (30 grains 
to I ounce of vaseline) may induce a strikingly rapid improvement in cases 
which are not of long standing. The eruption, however, recommences a 
few days or weeks after its apparent disappearcince. Chrysarobin is a very 
toxic medicament; the patient must be watched and the urine regularly 
examined. In one of our cases symptoms of absorption appeared after a 
single application. 

Salicylic Acid and Methyl Salicylate have very little, if any, action on the 
fungus. 

Tinctuva lodi and Linimentum lodi . — Tinctura iodi, freely applied, in- 
duces a very marked improvement, which, however, is not permanent. 
Strong iodine liniment, as recommended by Manson, is most effective; it 
cannot be used freely, however, on patients with a delicate skin, such as 
women and children. 

Resorcin and Tincture of Benzoin. — Resorcin, alone or mixed with salicylic 
acid in alcoholic solution and in ointments, has very little efficacy. If, 
however, resorcin be dissolved in tinctura benzoini composita (60 to 120 grains 
of resorcin to i ounce of the tincture of benzoin), very good results are 
obtained ; it is now the routine treatment for tinea imbricata in the Colombo 
Clinic. It is to be noted that tincture of benzoin without resorcin has very 
little action on the eruption. The resorcin, dissolved in tincture of benzoin, 
should be applied freely once or twice daily on the affected regions. If the 
whole body be affected, one day one half is painted, and the other days 
the other half, alternately. The treatment must be continued for several 
weeks. Once or twice a week the patient is given a very hot bath, and 
scrubbed all over with sand-soap. Symptoms of absorption are rare; it is 
always prudent, however, to proceed at first with care, as it is well known 
that individuals may be met with, though rarely, showing idiosyncrasy for 
resorcin. 

Prophylaxis. — Some authorities recommend isolation ; this is good 
wherever possible, but in regions where the disease is or has become 
endemic usually the great number of people suffering from the affec- 
tion render the measure' hardly practicable. In those tropical 
countries, however, where the disease has not yet appeared, the 
medical officers would do well to be on the look-out for it, and if a 
case is reported the patient should certainly be kept isolated and 
thoroughly treated before being allowed to mix with the general 
population, and ah infected clothing should be boiled or burnt. 
We have seen an epidemic of tinea imbricata in a hospital in which 
a patient suffering from the disease was admitted and allowed to 
mix with the other patients. There is a general native belief that 
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anointing the body with cocoanut oil or other oil will prevent 
infection; there may be some truth in the belief, but such a measure 
cannot be carried out in Europeans. Any itchy, scaly spot in the 
slightest way suspicious of incipient tinea imbricata should be 
immediately treated with lin. iodi, chrysarobin ointment, or resorcin 
dissolved iin tr. benzoini. While the treatment of tinea imbricata 
in an advanced stagers extremely difficult, it is easyto^^stop the 
initial patches by these means. 

TINEA INTERSECTA (vide Plate XL). 

This dermatomycosis and its fungus were first described by Cas- 
tellani in 1907. It occurs in Ceylon and Southern India. 

etiology. — If a por- 
tion of one of the brown 
patches or a scale be 
removed and treated 
with liquor potassae, 
the fungus is easily 
detected. The fungus 
(Endodermophyion cas- 
tellanii Perry, 1907) 
grows between the 
superficial and the 
deep strata of the epi- 
dermis. It is present 
on the inner surface 
of the scales, but not 
on the external surface. 
A very remarkable 
fact is the extreme 
rarity of free spores; 
in fact, in several cases 

Pig. 820. P^uNGus of Tinea Intersecta. does not succeed 

(Prom a scale in liq. potassae.) in finding spores. The 

mycelium is fairly 
abundant, though far from being so abundant as in tinea imbricata. 

It is composed of long, straight articulated threads, which arc 
sometimes dichotomous, the breadth being between 3 and 3^ fx. 
Eacli segment presents in fresh preparation two retractile bodies, 
one at each extremity. No aspergillar fructifications nor clusters 
of spores are seen. Attempts at growing the fungus have succeeded 
only in one case, the growth being somewhat similar to that of Endo- 
dcrin0phyton indicum Castellani (p. 1020). 

Symptomatology. — ^The eruption begins with small oval or 

roundish, very slightly elevated itching patches, generally situated 
on the arms, legs, chest, and back. The margins of these dark 
spots are at first slightly elevated, and dotted often with minute 
dark papules. The patches are dark brown in colour, much darker 
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than the surrounding skin, and presents a smooth, tense surface at 
first; they increase in size slowly, and some coalesce. After a 
certain time the surface of the patches is no longer tense; it becomes 
somewhat shrivelled and dry; superficial cracks appear in it, so 
that white lines are visible intersecting the brown surface. Later 
the cracks become deeper, the epidermis splits, and several flaky, 
curled-up scales, whitish inside and dark on the outer surface, are 
seen ; the scales are often removed by friction, and whitish roundish 
patches only remain. The eruption never develops in concentric 
rings like tinea imbricata; the patches remain isolated or fuse to- 
gether, forming irregular larger patches. Some patches may disap- 
pear spontaneously after a time. The general health of the patient 
does not seem to be affected. In some patients there is a slight 
degree of eosinophilia. 

Diagnosis. — When the eruption is in the very first stage it might 
be mistaken for a form of pityriasis versicolor. In pityriasis versi- 
color, however, the epidermis does not split; moreover, in tinea 
intersecta the fungus is not found on the surface: it ^ows between 
the superficial and deep layers of the epidermis. Tinea imbricata 
begins in a manner somewhat similar to tinea intersecta, dark 
brownish patches being present, and the fungus in both eruptions 
growing between the superficial and deep layers of the epidermis. 
In contrast to tinea 
imbricata, however, 
the eruption of tinea 
intersecta never de- 
velops in concentric 
rings ; is far less severe, 
as patches may heal 
spontaneously; and is 
cured without much 
difficulty. 

Treatment. — Tinc- 
ture of iodine and the 
usual antiseptic oint- 
ments, such as chrysa- 
robin (2 to 5 per cent.) , 
answer well. 


TINEA FLAVA 

{vide Plate XII.). 

Synonyms. — Trop- 
ical Pityriasis Ver- 
sicolor of the old 
authors, Microsporosis Flava (Castellani), Achromie Parasitaire 
(Jeanselme), Pityriasis Versicolor Flava (Castellani), Achromia 
Squamosa (Crocker). 



Fig. 821. — Fungus of Tinea'Flava (Old Case). 
(From a specimen stained by the Morris- 
Walker method.) 
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This dermatomycosis is extremely common in all tropical 
countries, and especially so in Southern India, Ceylon, Malaya, 
Java, Indo-China, and China. By many authors it has been, and 
is still, confused with the ordinary pit3u-iasis vesicolor of temperate 
zones; the investigations of Castellani and Jeanselme, however, 
have clearly proved that it is a different affection. 

Etiology. — The affection is due to Malassezia tropica Castellani, 
1905. The mycelial threads are generally thick, with numerous 



Tig. 822.- -Tinea Flava on the Face of a Sinhalese. 

swellings, constrictions, and other irregularities in theiij shape. 
The spores are roundish or oval (3.50 to 4.50 ^), and have a double 
contour. In recent cases the fungus is abundant, with plenty of 
mycelium and spores which often run into clusters. In old chronic 
patches the fungus becomes very scanty; the spores are not 
numerous, and generally do not collect in clusters; the mycelium is 
very scanty, and is even more irregular in shape than it is in recent 
patches (degeneration forms of the fungus). For full description 
of the fungus see p. 1099. 
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Symptomatology. — The affected parts are yellowish, of much 
lighter colour than the surrounding healthy skin; the yellow colour 




Fig. 824. — Tinea Flava of the Arm. 

may be of various tinges, from dark, deep orange-yellow in some 
cases to very light canary-yellow in others. The patches are of 
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various sizes, generally roundish, smooth, sharply defined, with 
margins not elevated, or only slightly so. Sometimes the patches 
are irregularly festooned, and may encircle an area of healthy skin. 
Occasionally the encircled healthy skin appears to be intersected 
by many yellowish, ribbon-like lines originating from the surround- 
ing yellow patch. The regions more frequently affected are, in 
order of frequency, the face, neck, chest, and abdomen. Large 
portions of the body (may be involved. There is, as a rule, no 
pruritus. The patches are not desquamating, or only very slightly 
so. The course of tinea flava is very chronic. In the natives of the 
lower classes it appears in childhood in the shape of tiny spots on 
the face and ^ chest, spreading slowly during years; they may 
coalesce, covering practically the whole of the face and chest. 



Fig. 825 . — Tinea Flava; Variety Guttata. 


One is occasionally surprised to see a native whose face and chest 
are quite light in colour; on closer examination, it may be found 
that this lighter appearance is due to a diffuse, very light-coloured 
form of tinea flava, covering the whole of the face, neck, and chest. 
In Ceylonese native women, when the patches of tinea flava are 
small, light, and situated on the face, they are considered to be 
beauty-spots, and are highly appreciated by the ladies and their 
admirers. Such patches are called in Sinhalese ' alu-hama/ which 
means ashy skin [alu, ash; hama, skin). There is also another word 
used by native poets for such condition — ‘ gomera,’ which means 
skin dotted with beauty-spots. The disease, which is extremely 
common, attacks mostly natives, but occasionally Europeans also. 
In Europeans the patches are yellowish-reddish or pinkish (tinea 
rosea), and may be due to different strains of M. tropica. 
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Prognosis. — The disease is very chronic and has no tendency what- 
ever to spontaneous cure, but the general health is not affected. 

Diagnosis. — Pityriasis versicolor of temperate zones is not of so 
light a tinge as tinea flava, never attacks the face, and is curable 
with the greatest facility; while tinea flava affects the face more 
frequently than any other part of the body, and is curable only 
with difficulty. 

Tinea Alba. — Occasionally there may be some difficulty in dis- 
tinguishing tinea flava of a light variety from tinea alba. In con- 
trast to tinea flava, the patches of tinea alba are not smooth, q^nd 
the fungi belong (to the gme^rdu^Trichophyton and Epidermophyton. 



|Fig. 826. — Tinea Flava on the Back of a European, 


Tinea Flava and Pinta are easily distinguished by the characters 
of their respective fungi, the fungus found in pinta never having 
the characters of a Malassezia. 

Leucoderma patches have a characteristic dead-white colour, 
are often surrounded by a hyperpigmented border, and no fungus 
is found. 

In Circumscribed Scleroderma (Morphoea) the patches may present 
a 'peculiar yellowish tinge, which in coloured patients may resemble 
tinea flava. In tinea 'flava, however, there is no change in the 
texture of the skin, which is still pliable, and does not exhibit the 
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peculiar parchment-like feeling of scleroderma. The microscopical 
examination will clear the diagnosis in any doubtful case. 

In Europeans, tinea flava, taking often a reddish colour (hence the 
term ‘ tinea rosea *), especially if the patient has been exerting him- 
self and is perspiring, might, on superficial examination, be mis- 
taken for a form of Sehorrlwea corporis. The microscopical examina- 
tion will clear the diagnosis, no Malassezia fungus being found in 
seborrhoea corporis. 

Treatment. — Tinea flava shows no tendency to spontaneous cure, 
unless the patient moves to a cold climate. Even then, very often 
the cure is only apparent, as the condition reappears during the 
hot weather. The treatment is difficult. Turpentine applied daily, 
followed by a naphthol or epicarin ointment (2 to 5 per cent.), or 
a salicylic-resorcin ointment (resorcin 3i-i acidi salicyli gr. x., 
vaselini Ji.), is often successful, but the treatment must be con- 
tinued for months. On covered parts of the body tincture of iodine 
may be used, or a chrysarobin ointment (2 per cent.). 

It is to be noted that in several cases the fungus of tinea flava has apparently 
a deep permanent disturbing action on the pigmentation processes of the 
skin, as, even when the fungus has been destroyed, the patches may remain 
of a lighter colour than the surrounding skin for a long time, though ultimately 
they become again normally pigmented. 


TINEA NIGRA. 

Synonyms. — Pityriasis Nigra (Castellani), Microsporosis Nigra 
(Castellani). 

This affection is fairly common in India, Ceylon, Java, Federated 
Malay States, and China. The first account of this, or a very 
similar, dermatomycosis was published by Manson in China in 
1872. Manson’s observations, however, were forgotten, as they were 
not quoted by him in his subsequent works. Castellani, in 1905, 
redescribed the disease in Ceylon, and succeeded in growing the 
fungus. ^ 

Etiology. — The affection is caused by a fungus of the genus 
Cladosporium — C. mansoni Castellani, 1905. The fungus is found 
very abundantly in the lesions; the mycelial elements are rather 
short — 18 to 20 fi in length, and 2 \ to ^ in breadth. Sometimes 
they may be irregular in outline, bent, banana-shaped. The spores 
are globular, and most of them very large — 5 to 8 jul. They are 
frequently arranged in clusters. 

The fungus is easily cultivated by inoculating scrapings of the aflected 
patches ®n maltose agar. After two to four days roundish hemispheric colonies 
appear, which are black, but at first have usually a greenish tinge, and may 
present at the periphery some radiating, delicate, pale greenish hyphse. 
These colonies may remain separate or more often gradually coalesce into a 
jet-black knobby mass, deeply rooted into the medium. 

The fungus grows well, though less abundantly, on the other sugar agars, 
and also on ordinary agar. In broth and peptone-water the growth is very 
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slow, and takes place at the bottom of the tubes, with formation of a black 
or greenish-black sediment. 

The optimum temperature for the growth of the fungus is betwen 30® and 
32® C. ; above 35® C, and under 25° C. the growth is much slower, and may be 
nil under 20° C. Further details on the fungus may be found on p. ixoo. 

Symptomatology. — The affected parts are of a black, dull, lustre- 
less colour, much darker than the surrounding dark, healthy skin 
of the native. The patches may be small, roundish, and separated 
from one another, or may coalesce; the patches are often slightly 
elevated, and may present a slight desquamation. Little, if any, 
pruritus is present. The face is not usually affected, though the 
eruption may be found on practically any other region of the body. 
The neck and upper portion of the chest are apparently the regions 
most frequently affected. Tinea nigra usually attacks natives. 
We have, however, 
seen it also in one of 
our European patients, 
who went for a pleasure 
trip to Burma, where 
he remained about a 
month. On coming 
back to Ceylon, he 
noticed a small, 
roundish, very slightly 
elevated, non-desqua- 
mating, black patch 
on the palm of his left 
hand. There was no 
pruritus. The patch 
spread slowly for two 
months, reaching the 
size of a sixpenny- 
piece. It disappeared 
after a single applica- 
tion of formalin; three Fig. 827. — Fungus of Tinea Nigra. 

months later it re- 
appeared in the same place as a tiny black dot, which slowly 
spread. Another application of formalin caused it to again dis- 
appear. From the patch a fungus was grown identical with the one 
found in native cases. 

Mixed Infections. — A mixed infection of tinea nigra and tinea 
flava is somewhat frequently met with. Several of our patients 
had on the neck a few round patches of tinea nigra, and on the 
face some smooth, yellow, roundish patches of tinea flava. 

Diagnosis. — The characters of the fungus, and the fact that the 
disease is easily curable, readily distinguish tinea nigra from 
pinta. Pityriasis versicolor is generally of lighter colour than tinea 
nigra, and the fungus {Malassezia versicolor) is morphologically very 
different, and cannot be grown. In chloasma bronzinum no fungus 
is found. 
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Treatment. — The disease is easily curable, except when it attacks 
the palms of the hands, where the treatment must be more pro- 
longed. A salicylic-alcoholic lotion (2 per cent.), followed by a 
resorcin ointment (resorcin, 3i. ; vaseline, §i.), answers well. When 
the patches are small, pure formalin may be used with care. 

ERYTHRASMA. 

This affection is frequently met with in the tropics, and is 
common on the continent of Europe, though apparently rare in 
America. 

etiology. — It is caused by a fungus discovered by Burchardt 
in 1859 — Nocardia minuiissima Burchardt. This hyphomycete is 

very delicate and slender, less than 
I ^ in breadth; is found in the 
superficial horny layer of the affected 
parts. Ducrey and Reale claim to 
have succeeded in cultivating it, but 
their results have not been confirmed. 
The description of the fungus is found 
on p. 1061. 

Symptomatology.^ — T he eruption 
generally affects the genito-crural and 
axillary regions, but may occasionally 
spread to other parts of the body. It 
is characterized by the presence of 
brownish-reddish patches, rounded or 
irregularly shaped, but with well-defined 
borders. The borders are not elevated; 
the surface of the patches appears 
slightly furfuraceous, and has often 
a somewhat greasy feeling. There are 
no subjective symptoms, except occa- 
sionally slight itching. 

Diagnosis. — Erythrasma is easily 
distinguished from tinea versicolor 
and tinea flava by the reddish tinge generally present; by the 
characteristic difference of its sites of development, and by the micro- 
scopical examination, which will reveal the presence of Nocardia 
minutissima Burchardt, a fungus morphologically very different 
from Malassezia furfur Robin or M. tropica Castellani. The 
differential diagnosis from tinea cruris has been discussed in this 
chapter under the heading Tinea Cruris (p. 2042). 

As first noticed by Manson, after tinea cruris has been cured, the 
genito-crural region may in some cases present for years a peculiar 
brownish discoloration, and be slightly furfuraceous— a condition 
resembling erythrasma; in such cases neither Epidermophyton 
cruris Castellani nor Nocardia minutissima Burchardt will be found. 

Treatment.— Washing the parts with ordinary soap and warm 



Fig. 828. — Erythrasma. 


BLASTOMYCOSIS 208^ 

water, carbolic tar, or sand-soap, and then regularly applyin.^ a 
resorcin-sahcyhc ointment (resorcin, gr. x. to xxx • ac^Svl 
gr. X. to XX.; vaseline, gi.), will soon c?use the Sption to S: 
pear. Instead of the ointment, a hyposulphite of ^da (i drachm 
to I ounce) or sulphurous acid lotion may be used. uracnm 

BLASTOMYCOSIS. 

Synonyms.— Saccharomycosis Hominis, Oidiomycosis. Dermatitis 

Dermatitis, Zymonematosis. 

Deflmtlon.— rhe term blastomycosis covers a group of closelv 
allied pathological conditions due to fungi of the genera Saccharl- 
myces, Cryptococcus, Coccidi- ^ 

aides, Oidium>, and Monilia, 
generally characterized by the 
presence of warty patches and 
minute epidermal abscesses. 

Historical and Geographical. 

—Wernike, in 1890, described 
in Buenos Ayres two cases of 
papillomatous eruption in 
which he found peculiar bodies 
which were at first considered 
to be protozoa, hence the disease 
was called ‘ protozoic derma- 
titis/ Later Gilchrist and 
Ophuls showed them to be 
vegetal parasites. Gilchrist, in 
1894, described yeast-like 
organisms in sections taken 
from a scrofuloderma-like 
eruption. In the same year, 
independently, Busse and 
Buschke published a case of 
a pyaimia-like condition due 
to a Cryptococcus. The disease 
has been investigated chieliy 

by American observers, among whom Ricketts, lOrmsby Hvde 
Montgomery, and Puscy may be mentioned. The malady ocLs 

reported several cases from Ceylon, 
while Phalen and Nichols ..ave described numerous cases from the 
Philippine Islands, Leger two cases in Tonkin, and Lutz, Splendore, 
and others, cases from South America. 

.Etiology.— The fungi found belong to the genera Saccharomyces, 
Cryptococcus, Cocctdtoides, Monilia, including in the last -mentioned 
genus the following non-sufficiently defined genera: Zymonema, 
Parasaccharomyces, Parendomyces. The description of these fungi is 
found in Chapter XXXIX., p. 1035. There are also higher, not yet 
well-determined fungi, all of which are apparently capable of 



Fig. 829. — Blastomycosis of Leg. 
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inducing identical clinical conditions. In the tissues all the organ- 
isms exist as yeast-like, oval, or roundish cells. 

Among the organisms which cause the disease, Ricketts distinguished four 

types; — ... 

1. Blastomycetoid or yeast-like type: reproduction by budding; m cultures 
only oval or roundish cells are seen, while mycelial tubes are as a rule a,bsent. 

2. Cryptococcus-like type: reproduction by endosporulation within the 
tissues. 

3 . Endomyces-like type : the cultures present abundant submerged mycelium, 
which breaks up into chains of endoconidia ; proliferation by budding is rare. 

4. Hyphomycetoid type; cultures present aerial hyphae and submerged 
mycelium; proliferation by gemmation occasionally seen. There are many 
transition forms between these four groups. 




Fig. 830. — Blastomycosis of the Fig. 831. — Blastomycosis of 

Upper Lip; Ulcerative Stage. the Mouth. 

(From a case in the Colombo Clinic.) (From^a photograph by Splendore.) 


Histopathology. — There is marked proliferation of the epithelial 
layers, with elongated, irregularly shaped down-growths into the 
corium, and epithelial globi are seen. The cells of the rate are 
swollen, and there is, between the cells, a polymorphonuclear leuco- 
cytic infiltration. Here and there minute miliary abscesses are 
present. In these, numerous polymorphonuclear and mononuclear 
leucocytes are found, also epithelioid cells and giant cells, some 
containing the parasite. It is in the miliary abscesses that the 
organism is mostly found. The corium presents a general cellulai* 
infiltration made up of polymorphonuclear leucocytes and young 
connective-tissue cells. The vessels are dilated and their walls 
thickened. Splendore has noted that when the lymphatic glands 
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are affected, which is of rare occurrence, they may present histo- 
logically a tubercular appearance. 

Symptomatology. — ^The disease, as seen by us in Ceylon, is 
characterized by the presence of elevated warty patches showing, 
especially at their margins, 
minute epidermal abscesses, 
and often small ulcers 
covered by yellowish crusts. 

The eruption may be gyrate. 

The lesions at a later stage 
may become more deeply 
ulcerated, the process of 
ulceration generally begin- 
ning at their centre. There 
is very little or no pain, 
and very slight or no pruritus. 

The lesions may heal spon- 
taneously, leaving, as a rule, 
soft, smooth scars. Occa- 
sionally the affection recom- 
mences afte' a time in thejscar. The lymphatic [glands are not 
often involved. In some cases subcutaneous abscesses and gumma- 



FiG. 832. — Blastomycotic Ulcer. 
(From a photograph by Splendore.) 



Fig. 833. — Blastomycosis Glutealis. 

(From a case in the Colombo Clinic.) 

like swellings may be formed. All regions of the body may be 
affected. The course is very chronic, the disease lasting often for 
many years. 
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Clinical Varieties. — Several varieties can be distinguished: — 

1. The common cutaneous type, or North American and 

Asiatic type. 

2. The oro-pharyngeal blastomycosis. 

3. The Coccidioides blastomycosis. 

4. The gluteal blastomycosis. 

1. Common Cutaneous Type. — The description we have given 
of the disease refers to this type, which is quite common in Ceylon. 
Southern India, Philippine Islands, Indo-China, Tonkin, and prob- 
ably in many other parts of the tropics. A very frequent localization 
in Ceylon is the upper lip (see Fig. 830), the disease extending 
later occasionally to the nasal mucosa, and very rarely to the 
oral mucosa. In several of our cases a monilia-like fungus was 
grown. 

2. Oral Blastomycosis. — This variety has been investigated by 
Lutz and Splendore in South America. Splendore considers the 
fungus to be a Zymonema, and calls the disease zymonematosis. 
As most authorities do not accept the germs Zymonema, we place the 
fungus in the genus Monilia (see p. 1079). The skin lesions 
are identical with those found in the common type of the malady, 
but the infection spreads to the oral mucosa, lips, gums, soft and 
hard palate, giving rise to numerous small, verrucoid, papillomatous, 
or framboesiform patches, which later may undergo deep ulceration. 
The disease later invades the pharynx, nose, larynx, and bronchi, 
and often terminates fatally. 

3. Blastomycosis Coccidioides (synonym, Protozoic disease) was 
described by Wernike of Buenos Ayres in 1890, and later by Posadas ; 
it was further investigated by Ophuls, Mofht, and others. It was 
at first considered to be of protozoal origin. The lesions on the 
skin are somewhat similar to those found in the more usual type of 
blastomycosis — viz., verrucose patches with minute epicleimal 
abscesses — -but are generally of larger size, and visceral complications 
are the rule, the malady terminating almost always fatally. In the 
affected tissues peculiar large structures are seen, some of which 
may contain as many as 100 spore-like bodies (sec p. 985). 

4. Gluteal Blastomycosis. — This condition was described by Kar- 
tulis some years ago in Egypt. We have often observed it in 
Ceylon. The skin of the gluteal region — one natc or both nates — 
presents a diffuse induration, and is cribrated with the opening 
of sinuses, from which a thin pus exudes. The sinuses may be 
very deep and connected with each other, but in our cases did 
not communicate with the intestine. The pus does not contain 
grains, as is the case with actinomycosis. The patient may com- 
plain of pain and discomfort on sitting down. The disease is chronic. 

Maxwell has reported from Formosa cases of a fistulous disease of the 
buttocks, which may be of the same nature. He is inclined, however, to 
consider them to be of amcebic origin. 
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Diagnosis. This is based, in the usual type of the maladv, on 
e presence of verrucose patches with micro-abscesses, in which the 
tungi are found. 'Hie disease has been often confused with tubercu- 
osis verrucosa, with a syphilide, with an epitheliomatous lesion, 
an , in the tropics, with atypical framboesia and even ringworm. 

he microscopical examination and cultivation of scrapings, or, 
oetter, of the pus of the miliary abscesses present in the lesions, will 
e necessary to clear the diagnosis. A droplet 01 the pus, or a 
minute portion of teased tissue, is placed on a slide with a drop 
01 a 30 per cent, solution of potassium hydrate, and a cover-glass 
IS placed on the preparation: after about half an hour in a temperate 
climate, and generally a few minutes only in ja tropical climate, the 
tissue and pus cells are disinte- 
grated by the potash solution, while 
the organisms, being resistant, can 
be easily seen. Cultures should 
also be made from the pus. It 
is important to note that yeast- 


Fig. 834.- Fungus found in Der- Fig. 835. — Dermatosis Hypho- 
matosisHyphomyceticaIndica. mycetica Indica (see 

(Broth Culture.) p. 2086). ' 

like organisms may be frequently found as saprophytes on (the 
surface of various ulcerated skin lesions, which have nothing to do 
with true blastomycosis. 

Oral blastomycosis may occasionally be confused with espundia, 
from which it is differentiated by the absence of Leishmania and 
presence of fungi. Blastomycosis coccidioides is easily diagnosed by 
the presence of bodies containing numerous — as many as 100 — 
endospores. Gluteal blastomycosis is distinguished from actino- 
mycotic and mycetomatous conditions by the absence of the grains 
and the characters of the fungi; from a syphilitic condition by 
the inefficacy of a mercurial treatment; from tubercular fistulous 
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disease by the massive diffuse induration, and absence of tuber- 
cular cutireaction. 

Prognosis. — The disease very rarely heals spontaneously. The 
general health in the common type of the malady is not much 
affected, but the patients complain of the disfigurement. Occa- 
sionally the organisms from the skin lesions enter the general cir- 
culation, and a condition similar to pyiemia develops. Cases of 
systemic blastomycosis terminating fatally, without any skin lesion, 
have also been described. The prognosis of blastomycosis cocci- 
dioides and oral blastomycosis is bad, while blastomycosis glu- 
tealis is most persistent, though the general health is not much 
affected. 

Treatment. — Potassium iodide, given in large doses (gr. xv. to xx. 
three or four times daily), has a beneficial effect, though it is not 
so efficacious as in sporotrichosis. The application of Rontgen rays 
to the lesions is useful. In mild cases the local application of various 
disinfectants — e.g., perchloride of mercury (i in 1,000), diluted 
tincture of iodine, etc., may bring about a cure. The following 
ointment is useful, especially in the localization to the upper lip: 
Ichthyol, gr. xv. ; ung. bclladonnae, 3ii. ; vaselini, ad No 
treatment is apparently of much use in blastomycosis cocci- 
dioides, in oropharyngeal blastomycosis, or in blastomycosis 
glutealis. 

Dermatosis Hyphomycetica Indica . — This term has been used by C'astellani 
to indicate a peculiar hyphomycetic condition he has once seen in Ceylon. 
The patient had a number of gummatous swellings and indurated patches, 
but no warty lesions were present anywhere. A fungus was isolated which 
in various sugar broths and ordinary broth produced very long filaments, 
but owing to an accident could not be further studied. 


SPOROTRICHOSIS. 

Schenk, in 1898, described a case of multiple chronic abscesses in 
the pus of which a Sporotrichum was found. Hektoen and Perkins 
reported two similar cases also in the United States in 1900. De 
Beurmann published in 1903 a case of similar nature in France. 
De Beurmann and Gougerot, from 1906 onwards, have published 
many cases, and have completely investigated the subject of human 
sporotrichosis bacteriologically and histologically, as well as 
clinically. Their researches have been confirmed by Gaucher 
and Monier-Vinard, Duval and Fago, Vaquez, Bonnot, Lambry, 
Adamson, Esmeni, and many others. Cases have been reported 
from the tropics by Lutz and Splendore in Brazil, and by us in 
Ceylon. Clair has observed the disease in Arab stokers on board 
some steamers of the Messageries Maritimes Company. 

etiology. — The fungi causing the disease belong to the genus 
Sporotrichum Link, 1809, of which nine species have been so far 
described in man : — 
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(S. schenki Hektoen and Perkins, 1901. 

5 . beurmanni Matruchot and Ramond, I9(>5. 

S. dori de Beurmann and Gougerot, 1906. 

I 5 . gougeroti Matruchot, 1910. 

Sporotrichum Link, 1809 ^ S. jeanselmei Brumpt and Langeron, 1910. 

S. indicum Casteliani, 1908. 

5 . asteroides Splendore, 1909. 

5 . lesnei Vuillemin, 1910. 

Us'. councilmani Wolbach, Sisson and Mcici*, 1917. 

For the description of these organisms, see chapters on Fungi 
(p. 1117). 

The species so far found in the tropics are — S. beurmanni Matru- 
chot and Ramond in Brazil and Africa, 5 . asteroides Splendore, 1909, 
in Brazil, and S. indicum Casteliani, 1908, in Ceylon. These fungi 
are morphologically very similar. In the human lesions the fungus 
appears morphologically as a yeast, and is very scarce. In cultures 
mycelial threads and numerous spores are seen. The spores are 
ovoid, 5 to 6 /X in length by 3 to 4 /x in breadth. The mycelial 
filaments are very slender (2 /x) in S. beurmanni and S. schenki ; 



Fig. 836. — Sporotrichic Lymphangitis. 

(From a photograph by Splendore.) 

somewhat broader (2J to 3 /x) in S. indicum. S. asteroides is 
characterized by the presence of peculiar radiate bodies in the 
affected tissues. These fungi grow easily on the ordinary culture 
media, best of all on Sabouraud's peptone-glucose agar. Colonies 
develop from the fourth to the tenth day as small white points, 
surrounded by a delicately rayed aureola of whitish colour. They 
gradually increase in size, coalesce, become convoluted, and take 
a dark greyish, brownish, and even black colour. These fungi, 
according to De Beurmann, may perhaps live saprophytic on veget- 
ables (lettuce-leaves, and other kinds of vegetables used as salads) 
and on insects (flies, caterpillars, larvae). According to De Beur- 
mann, infection takes place by contact with unclean vegetables. 




2088 TROPICAL DERM ATOMY COSES 

The fungi may also, apparently, hve saprophyticaUy in the oral 
cavity and pharynx of certain ini.viduals, who then become carriers. 

The rat, mouse, monkey, cat, and very young guinea-pigs, are all 
more or less susceptible, and may be infected by subcutaneous or 
intraperitoneal inoculation. The rat is the most susceptible 
animal. In it Lutz and Splendore have described a spontaneous 
sporotrichosis due to a Sporotrichum apparently identical with 
S. heurmanni. Moore and Davis have described a case following 
the bite of a field-mouse. The patient’s blood agglutinated equally 
well S. schenki and S. heurmanni . The affection has also been 
observed to occur spontaneously in the dog (Gougerot and Caravan) 
and in the mule (Fontoynont and Carougeau) in Madagascar. 

Histopathology. — The histopathology of the cases due to 5 . 
heurmanni has been investigated by De Beurmann and Gougerot; 
that of the cases due to S. asteroides by Splendore; that of the 
cases due to S. indimm by ourselves. Whatever the causative 
species of Sporotrichum, the histological lesions are apparently 
the same, and correspond to the three principal types described 
by Dc Beurmann and Gougerot — viz., (i) An epithelioid type, 
with presence of giant cells — this corresponds to the tuberculoid 
type of De Beurmann and Gougerot; (2) a lympho-connectivc 
tissue or syphiloid reaction; (3) a polymorphonuclear or ecthy- 
matiform type. 

Symptomatology. — In a well-marked case, several gummatous- 
like swellings, situated in the subcutaneous tissue, are present on 
various parts of the body — the arms, legs, and trunk. The size 
varies from that of a small pea to that of an orange. On palpation, 
they are hard, resistant at first ; later they soften, the skin becomes 
reddish or violaceous and after a time perforates. From the 
fistulous opening a yellowish homogeneous pus is slowly evacuated, 
or at times a thin serous discharge. In some cases the suppuration 
ceases, granulation sets in, and a coarse cheloid-like scar remains. 
In other cases the fistulous opening enlarges and a crateriform 
ulcer, with often a fungating fundus, develops. Hie lymphatic 
glands may occasionally become affected. The course of the disease 
is very chronic. In some cases deep gummata develop under the 
periosteum of various bones, and in the muscles. Large granulating 
ulcerations may form in the buccopharynx and larynx. The general 
health, as a rule, is not much affected. 

Glinioal Varieties. — The commonest varieties met with are: — 

1. The localized type, with sporotrichic chancre and ascending 
sporotrichic lymphangitis. 

2. The disseminated gummatous type. 

3. The disseminated ulcerative type, presenting often poly- 
morphic lesions— viz., syphilitic-like, tubercular-like, ecthymatous, 
rupial, furuncular. 

4. The extracutaneous type, with sporotrichic lesions of the 
mucous membranes, the muscles, the articulations, the bones, the 
organs of special sense, the internal organs— lungs, kidneys, etc. 
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De Beurmann has put on record a case of mycetoma of sporo trichic origin. 
Cases of systemic sporotrichosis have been described. 

Diagnosis. — The principal clinical signs on which to base a 
probable diagnosis of sporotrichosis are the presence of gumma-like 
lesions while the patient is in a good general state of health; the 
mixture of lesions of different appearance; partial cup-shaped 
softening of the nodes, breaking down in the centre and ending in 
ulceration, with violaceous edges generally undermined; presence 
of viscous pus or of a serous lemon-yellow discharge; indolent 
evolution; absence in most cases of enlarged glands. Jhe definite 
diagnosis can only be made by bacteriological methods. The simple 
microscopical examination of the pus of the abscesses, or scrapings 
of th^^ ulcers, is not sufficient, as the fungus is extremely scarce. 
Cultivation must be resorted to. A few glucose-agar tubes are 
inoculated, and kept at room-temperature without capping. After 
four to ten days the first colonies of Spofotrichum will appear. 

Treatment. — Potassium or sodium iodides in full doses (15 to 
20 grains three to four times daily), well diluted in water or milk, 
induce a rapid disappearance of all the lesions. In persons who 
cannot take potassium iodide, saiodin in the same dose may be 
given in cachets. The ulcerated lesions may be dressed with a 
lotion of potass, iodide 10 parts, iodine i part, water 500 parts. 
Surgical measures should be avoided. 

Pinoy has noted that the action of the iodides is increased by a salt-free diet . 

Prophylaxis. — Any small wound should be disinfected with tr. iodi. 

ACLADIOSIS. 

Definition. — An ulcerative dermatomycosis caused by Acladium 
castellanii Pinoy. « 

Historical and Geographical Distribution. — The condition has been 
observed by Castellani since 1907 in Ceylon, but he did not fully 
describe it until 1916. Cases have been observed in Ceylon, the 
Federated Malay States, and Macedonia. 

AEtiology. — The condition is caused by a fungus which Castellani 
isolated in Ceylon. Cultures were sent to Professor Pinoy, of the 
Pasteur Institute, who investigated it botanically and classified it, 
giving it the name of Acladium castellanii Pinoy, 1916. Professor 
Pinoy 's description may be quoted: — 

‘ The growth on artificial media (such as carrot, potato, glucose agar) 
consists of many small roundish masses, which later on may coalesce, covered 
by spiculated formations, giving them a prickly appearance, and consisting of 
erect, straight filaments, parallel to each other, or at times interlacing. These 
filaments are approximately 2 microns in diameter, and carry laterally pseudo- 
conidia of variable shape, cylindriform, pyriform, or spherical, attenuated in 
size at their points of insertion. Most of these pseudoconidia are 4 microns 
in length, with a breadth of 3 microns. This t3rpe of fructification recalls 
the type Acladium described by Bodin in certain species of the genus 
Trichophyton (Malmsten, 1848). 

' These pseudoconidia become detached and then develop by sprouting, 
and mycelial filaments are formed. Certain filaments produce spherical 
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chl^imydospores arranged in small strings, as found in certain fungi ol the 
genus Fusarium. These small chains of chlamydospores are very frequently 
terminal, the dimensions being variable — 8-io microns ’ (Fig. 595. P* m3)* 

In cultures on carrot and potato the colonies are white, on glucose 
agar often amber colour. Very old cultures may show a certain 
amount of pigmentation (see p. 1112). 

Histopathology. — The histopathological investigation of the con- 
dition is far from completed. From the preliminary investigation it 
would seem that the lesions are very similar to those one sees in 
sporotrichosis, and that three types of lesions may be distinguished: 

(1) An epithelioid or tuberculoid type, with presence of giant cells; 

(2) a lympho-connective tissue type (syphiloid) ; (3) polymorphonu- 
clear type (ecthymatous). 

Clinical Symptoms. — In a well-marked case ulcerative lesions are 
present all over the body, though they are in smaller number or 
absent altogether on the face, scalp, palms, and soles. Most of the 
ulcers are sharply defined, roundish or oval, with red granulating 
fundus. Their appearance is well shown in the illustration, a 
photograph of a Ceylon case. In many cases there is abundant 
purulent secretion, which collects and dries up in thick yellow crusts. 



Figs. 837 and 838. — -Acladium castellanii Pinoy: Hanging-Drop 

Culture. 

(a) After twenty-four hours', (6) after three days' growth. 


covering the ulcers. Gummata-like nodules and furuncle-like 
lesions may be observed. The superficial lymphatic glands may be 
enlarged. The lesions in most cases give very little pain, or none 
at all; itching is often completely absent, but occasionally the patient 
complains of slight pruritus. The general condition of the patient 
is not seriously affected for a long time, but he often complains of a 
certain degree of weakness and discomfort. Not infrequently there 
is serotine fever. The blood has been examined in two cases in the 
tropics; in one case in the Balcanic Zone: Wassermann reaction 
negative. In the first two cases red blood-corpuscles and haemo- 
globin were slightly below the normal ; in one there was eosinophilia 
(5 per cent.), which may have been due to a concomitant Ascaris 
lumbricoides infection. In the Macedonian case, the blood of which 
was examined, there was a distinct leucocytosis (16,000 leucocytes) 
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of the polymorphonuclear type; in this patient there was abundant 
purulent secretion and serotine fever, which on some days reached 
102° and 103° F. 

Diagnosis. — A positive diagnosis can be made with certainty only 
by cultural methods. The microscopical examination alone is of 
very little use, hyphomycetic elements being as a rule absent micro- 
scopically in the scrapings from the ulcers and contents of nodules. 
The material should be inoculated in glucose agar tubes. Four to 
eight days after inoculation small. yellowish, amber-coloured colonies 
appear; they enlarge fairly rapidly, become hemispheric, and often 
coalesce in a knotty mass. At times the colonies may not fuse 
together ; each colony then remains separate, reaches a large size, and 
occasion lly presents peculiar radiating furrows as seen in certain 
species of tricliophytons. In many cases where the material has 
been Icollected from ulcerated lesions, the fungus grows in symbiosis 
with a coccus, and it' may be difficult to scpaiat(' the two organisms. 



Fig. 839, — Acladiosis or the Arm. 


The malady is often taken for a syphilitic condition. The history, 
the negative examination of the lesions for spirochaites, the failure 
of mercury and salvarsan treatment, will exclude it. When the lesions 
are covered by raised, thick, bright, yellow crusts the condition must 
be differentiated from yaws: in acladiosis, on removing the crusts, 
ulcers are found, while in yaws, the typical framboesiform nodules 
will be seen ; in scrapings from yaws lesions the treponema will be 
found. Acladiosis can be differentiated from sporotrichosis and 
other affections of hyphomycetic origin by cultural methods. 

Prognosis. — The course of the disease may be very long, and 
there is very little or no tendency to spontaneous cure; but if a 
proper treatment is carried out a cure can be obtained fairly rapidly 
in the majority of cases. A few cases respond to treatment ex- 
tremely slowly. 

Treatment. — Potassium iodide given in full doses (20 gr. ter diem) 
acts satisfactorily. The drug appears to act at times more rapidly 
if given according to Professor Pinoy’s method — viz., in conjunction 
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with a salt-free diet. If potassium or sodium iodide is not well 
borne, sajodin and other similar preparations may be tried, but the 
result is not so satisfactory. Mercury and arsenic have no effect on the 
course of the malady. As regards local treatment, it is sufficient to 
keep the ulcers clean by using a weak mercury perchloride lotion. 

CRYPTOCOCCOSIS EPIDERMICA. 

Synonym.— Saccharomycosis epidermica (Castellani). 

Historical and Geographical. — This condition was first described 
by Castellani in Ceylon. We have recently found cases in the 
Sudan and in the Balcanic Zone. 

' .ffltiology.— The causal organism is Crypiococcns epidefntidis 
Castellani, 1914. 

Symptomatology.— The condition is fairly frequent in Europeans 
who have resided for some years in the tropics, but is also found in 
natives. It is cliaractcrizecl by the presence on the arms, and more 
rarely on the chest and neck, of small roundish patches of a dirty 
yellow or brownish colour, which can generally be removed by 
thorough scraping. These patches consist of large numbers of 
blast omyces-like elements of various size, rounded or oval, which 
so far have not been cultivated. 

Treatment. — Thorough scraping with sand-soap and hot water is 
generally sufficient to remove the patches. In obstinate cases a 
salicylic sulphur ointment is useful. 

INTERTRIGO SACCHAROMYCETICA. 

Synonym. — Intertrigo Blast omycetica. 

Remarks. — Cases of this affection have been observed by Castel- 
lani in Ceylon, and similar ones have later been reported by 
Whitfield and others in Europe. The affection is apparently rare. 
It generally attacks the scroto-crural and axillary regions. The 
affected skin is red, and there may be slight exudation. The 
borders of the eruption arc fairly well marked, but never elevated. 
In most cases there is not much itching, and the affection may 
recover spontaneously. 

.ffitiology. — In scrapings a Saccharomyces (S. samboni Castellani, 
1907), which is easily cultivated on sugar media, is found, or in other 
cases fungi of the genus Monilia, 

Treatment. — The treatment consists in washing the affected parts 
with potassium permanganate lotion, i in 4,000, or resorcin, i in 100 ; 
followed by the application of powders of boric acid 3i., talci §i. ; or 
salicylic acid gr. x., talci gi. 1 

ASPERGILLOSIS AND PENICILLIOSIS OF HAIRY PARTS. 

The affected hairs— generally those of the beard and moustache, 
occasionally of the axilla — ^present dirty greyish or whitish puncti- 
form formations, which on microscopical examination are seen to 
consist of penicillar or aspergillar fungi {Penicillium barber, Asper- 
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gillus barbce). Occasionally both types of fungi are found on the 
same patient. The affection is very chronic. The diagnosis is 
easy, the characteristic aspergillus and penicillium fructifications 
distinguishing this condition from other 
parasitic nodular affections. The simplest 
method of treatment is by shaving, and 
afterwards using regularly a medicated 
soap, such as carbolic soap, tar soap, or 
sulphur soap. If the patient does not wish 
to shave his beard, turpentine may be 
tried. 

In natives who do not bathe frequently, such 
as old persons and beggars, the skin presents 
often large dark patches due to accumulated dirt, 
in which aspcrgillar and penicillar fungi are 
often present, living saprophytically. Tliis con- 
dition has nothing to do with pinta, as a thorough 
scrubbing with soap will remove the dirt and the 
aspergillar and penicillar fungi which may be Fig. 840. — Penicillium 
present. ffiuctification. 

PINTA. 

Synonyms. — Mai de los Pintos, Mai del Pinto, Caraatc, Tina, 
Qairica, Pannus Carateus (Alibert), Tache Endemique des Cordil- 
lieres (Alibert), Lota, Cativi, Bulpiss (Lerch). 

Definition. — The term ‘ pinta ' does not indicate a single disease, 
but a group of closely allied dermatomycoses characterized by the 
presence of patches of various colour, due to different species of fungi 
of the genera Aspergillus, Penicillium, Monilia, and Monioyella, 

History. — The disease first began to draw the attention of medical 
writers in the eighteenth century, though it was apparently well 
known to the inhabitants of the affected regions since remote times, 
as it is found to have formed the subject of prayers and supplications 
used by the Aztecs centuries before the Spanish Conquest. 

A short description of the malady is found in the Encyclopaedia 
of Polanko, of Mexico, in 1760 ; and in Juan de Velasco’s ‘ Historia,’ 
in 1789, in Columbia. Velasco believed the malady to have been 
imported by African slaves. A fairly complete description is given 
by Alibert, in 1829, under the name of ' tache endemique des Cor- 
dilli^res,’ or 'pannus carateus.’ Among the modern authors, the 
clinical and pathological investigation of Gomez, Uribe, Vribechyel, 
Iryz, Ruiz y Sandoval, Gastambide, may be mentioned. 

More recently the investigation into the aetiology of pinta by 
Montoya has been of the greatest importance. 

Climatology. — Pinta is practically limited to tropical America, 
where it is found in Venezuela, Peru, Chili, Central American States, 
Mexico. Cases have been reported from Brazil. It is extremely 
common in Columbia, where, according to Montoya, 4 per cent, of 
the total population is affected. There the patient affected with 
the disease is called ' caratejo.’ The disease is not equally dis- 
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tributed; in each country there are localities where the disease is 
common, while other districts are almost unaffected. In Columbia 
it is the northern province of Santander which is more particularly 
affected; in Mexico the disease is most frequently found in the 
provinces of Tabaxo, Chiaspas, Valladolid, Michoacan. 

A few cases of pinta have been reported from Egypt by Madden, 
Goodman, and Sandwith, and previously Legrain described some- 
what similar cases from Tripoli and the Sahara. Legrain, however, 
did not find any fungus. A few isolated cases have also been 
reported from the Gold Coast, and others from the Philippine Islands 
by P. G. Woolley. In Ceylon and India only imported cases are seen. 

.etiology. — Previously to Ruiz y Sandoval and Montoya's in- 
vestigations the disease used to be ascribed to many different causes. 
Some authors believed it to be due to the mineral salts (sulphates) 
contained in the waters of the mines and other localities where the 
malady is endemic; others considered it to be due simply to insani- 
tary conditions, insufficient food, and a hot and damp climate; 
others, again, believed the affection to be induced by the action 
on the skin of volcanic cinders; while, according to some authorities, 
the malady was an hereditary complaint. 

Ruiz y Sandoval, in Mexico, first detected the parasitic nature 
of pinta. He believed there was only one species of fungus to be 
found in the affection, and that the different colours of the patches 
were due to the different depths at which the fungus was growing 
in the various strata of the epidermis. Montoya's classical re- 
searches in 1898 clearly showed the plurality of species and genera 
of the fungi found in the disease, and demonstrated that each variety 
of pinta is due to a different fungus. More than twenty different 
species were found by him. 

In the present state of our knowledge of pinta it is impossible 
to give a satisfactory classification of these fungi. The principal 
ones may be collected into the following groups: — 

I. Fungi of genus Aspergillus : Aspergillus pictor Blanchard, 
1895, and several other species. A. pictor is found in the 
pure violet variety of pinta; the other species are observed 
in the pure blue and bluish and violet-black varieties, as 
well as in a form of the red variety. Several of these species 
are not in reality true Aspergilli, as they possess organs of 
fructification intermediate between those of the genus 
Aspergillus and those of the gemi^Penicillium. 

II. Fungi of gQXins Penicillium : Penicillium montoyai Castcllani, 
1907, and several other species. They are found in some 
greyish-violet varieties of pinta. 

III. Fungi of genus Monilia : Monilia montoyai Castcllani, 1907. 

Found in some cases of white pinta. 

IV. Fungi of genus Montoy ella : Montoy ella nigra Castellani, 1907. 

Found in one variety of black pinta. M, hoxini Castellani, 
1907. Found in a red variety of pinta. 
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The term Aspergillus (Trichophyton) pictor, introduced by Blanchard in 
1895, when the plurality of species of the fungi found in pinta had not yet 
been demonstrated, is now used in a restricted sense to indicate the Asper- 
gillus found in the pure variety of the disease. 

Montoya believes that the fungi found in Columbian pinta, or caraate, are 
different species from those found in Mexican pinta. 

Appearance oj the Fungi in Fresh Preparations. — Scrapings from 
the patches examined in liquor potassae show in most cases between 
the epithelial cells long dichotomous mycelial threads, from which 
shorter and thicker branches take origin at various points. These 
thicker branches terminate in comparatively large fructihcations. 
The morphological characters of these fructifications vary according 
to the species and genus of the fungus present. They may be typical 
aspergillar or penicillium-like fructifications, or they may show 
intermeaiate characters between those of Aspergillus and Peni- 
cillium. In many cases the fructification organ is represented by 
a pear-shaped or triangular formation, surmounted by five to six 
rods (sterigmata), each of which supports a string of five to six 
spores. The number of these spores, however, may vary. They 
are globular, have a smooth surface, show a double contour, and 
their diameter is much larger than that of the mycelial tubes. 

In the cases where the fungus present is a Monilia or a Montoyella, 
such or similar fructifications are absent, and only mycelial tubes 
and some scattered spores are seen. 

Cultures. — The various fungi found in pinta are easily cultivated, 
the best medium being Sabouraud’s maltose agar. The optimum 
temperature is between 30'' and 40 "" C. 

The composition of Sabouraud's medium is: — 

Maltose . . . . . . . . • • 4 grammes. 

Peptone (Chassaing) . . . . . . i gramme. 

Agar . . . . . . . . . . I '5 grammes 

Distilled water . . . . . . . . 100 c.c. 

Culturally, the fungi may be divided in five groups:— 

1. Those showing in cultures aspergillar fructifications. 

2. Those showing penicillium fructifications. 

3. Those showing intermediate fructifications between the Asper- 
gillus and the Penicillium. 

4. Those showing simpler fructifications characteristic of the 
genus Monilia — viz., a mycelial thread terminating in a single 
string or small bunch of roundish spores. 

5. Those in which higher organs of reproduction are absent, and 
reproduction takes place somewhat similarly to what is observed in 
the genera Microsporum and Trichophyton — by conidia and terminal 
segmented and unsegmented ‘ spindles.' The fungi of this group, 
found by Montoya in a variety of black pinta, by Bodin, and later 
by Castellani, in a variety of red pinta, constitute the genus Mon- 
toy ella. 

Inoculation Experiments. — Montoya has tried to infect rabbits, 
using various cultures of the fungi found in the disease. On several 
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occasions a desquamation of skin and loss of hair was observed, 
and some chromatic patches appeared. Uribe succeeded in inocu- 
lating several mulattoes. 

According to Montoya, the fungi of pinta live saprophytically in 
certain waters, especially in those of mines and localities where the 
temperature is constantly high. He states that he obtained pure 
cultures of the pinta fungi direct from such waters. He has also 
found the same fungi as ectoparasites on the bodies of mosquitoes 
of the genus Cidex, on sandflies {Simulium), and on the body of 
some bugs [Clinocoris) , which arc very common in the mines. Ho 
believes, therefore, that mosquitoes and other insects play a role 
in the transmission of the disease. 

In some old chronic cases of pinta an Acarus — somewhat resem- 
bling Acartis scahici, though larger — has been found to live in the 
epidermal squamae, and some writers believe that this Acartis also 
plays a part in the transmission of the malady. 

Predisposing Causes . — What the older authors believed to be 
the true causes of pinta— viz., a hot, damp, climate; insanitary 
surroundings and poor feeding; the mineral salts contained in the 
waters — are only predisposing causes, some of which, however, arc 
of great importance. The hot, damp climate favours the growth 
of the fungi; the water of the mines, which contains a large amount 
of mineral salts (especially sulphates), produces after a time in 
those who use it for washing, etc., a dermatitis with fissures and 
other eczematous-like lesions which greatly facilitate the infection. 

All races are liable to be attacked by the disease, but mulattoes 
seem to be particularly prone to become infected. Albinos arc said 
to be immune. Both sexes arc equally liable to become infected, 
thougli males, on account of their occupations, are more frequently 
affected. The malady generally appears between the age of fifteen 
and twenty-five, but it may appear at any age, and has been seen in 
children three or four years old. 

It has been observed that individuals of the negro race arc more 
liable to contract the black variety than any other kind of the 
disease, while whites arc especially liable to contract the red variety. 
Miners and agricultural labourers are affected in most cases by the 
violet variety. 

Symptomatology. — The disease begins very gradually. After an 
incubation period varying, according to different authors, between 
a few weeks and some months, one or several small slightly pruri- 
ginous spots appear on uncovered parts of the body. The spots 
increase very slowly in size, and some may fuse together. They are 
roundish, or may have an irregular outline. At first they are 
hardly raised above the normal skin. The surface of the patches 
is generally dry and rough, and is covered with fine pityriasic 
squamae in recent cases, with larger and thicker scales in older 
ones. Occasionally, in chronic cases, the surface of the patches, 
instead of being dry, may be moist or somewhat greasy or glutinous. 
The hairs of the affected regions become atrophied, and later on 
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fall out. The shedding of hair is not due to the fungi invading 
directly the hair; it is due to a peculiar fibrosis of the hair follicle, 
at the place of the hair a hard formation remaining, like a grain of, 
sand (fibroid folliculitis of Montoya). 

Pruritus is generally well marked, especiahy at night-time. There 
are often patches of hyperkeratosis on the palms and soles, and the 
normal lines and sulci appear much deeper. 

Old chronic cases occasionally exhale a peculiar musty odour, 
which has been compared to the smell of cat's urine, or to the bad 
smell of dirty linen kept in a warm, damp place. 

The affection may spread to the whole body, except the palms 
of the hands and the soles of the feet. The nails are never attacked. 
The scalp is not usually affected. 

The disease has no tendency to spontaneous cure. Its course is 
very chronic, and may last the whole of the patient's life. 

Some of the older authors state that the patients during the incubation 
period suffer from fever, vomiting, and diarrhoea. Montoya says that pinta 
patients have not got an odour sui generis, a'’ stated by most observers. In 
cleanly patients no smell whatever is noticeable, apart from the peculiar 
odour of the negro race. 

Clinical Varieties. — Clinically, six different varieties may be dis- 
tinguished, each of which shows several subvarieties: — 

1. The Black Variety. 

2. The Blue Variety. 

3. The Violet Variety. 

4. The Red Variety. 

5. The Yellow Variety. 

6. The White Variety. 

Black Variety. — The patches are of a black colour, and arc very 
often found on the face, though they may be present on any other 
part of the body except the palms and soles, similarly to all the 
other varieties. The patches are hardly raised, and their surface 
is slightly desquamating. Pruritus is generally complained of, but 
is not, as a rule, so unbearable as in the other varieties. Black 
pinta is found in negroes more frequently than in individuals of 
Caucasian race. The course is very chronic. The treatment is 
difficult, though not so difficult as in the other varieties. 

Black pinta shows two subvarieties — one is characterized by the 
presence of patches of a black- violet colour; the other by patches 
of jet-black, indian-ink bla k colour. The fungus found in the 
first is an Aspergillus (species undetermined) ; in the second a Mon^ 
toyella (M. nigra). 

Blue Variety. — ^This is much less frequent than black pinta. The 
patches are of a blue colour. They generally begin to appear first 
on the dorsum of the hands, and then tend to spread over the 
whole body — uncovered as well as covered parts. There generally 
is intense pruritus. 

The fungus usually found in blue pinta is Aspergillus, 
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Violet Variety. — Apart from the colour of the patches, which is 
violet, the clinical symptoms and course of this variety are identical 
with those of blue pinta. It is extremely common among rural 
labourers and miners. 

There are numerous subvarieties of violet pinta. In some cases 
the patches are of a pure violet colour; in other cases the colour 
maybe violet-greyish, violet-brownish, violet-purplish. There aie 
cases in which the patches are at first of a greenish colour, to 
become violet-bluish later on. The fungus found in the pure violet 
pinta is an Aspergillus (A. pictor Blanchard, 1895); the fungus 
found in . the violet-greyish cases is a Penicillium — P. montoy ai 
Castellani, 1907; the fungi found in the other varieties are Aspergilli 
or fungi presenting transition characters between the Aspergillus and 
the Penicillium. 

Red, Variety. — This is the commonest variety found in white 
patients. The patches first develop, as a rule, on the dorsum of the 
hands and feet, and spread to large portions of the body. The 
patches are red — often brick-red — and usually show a rather 
abundant desquamation. Pruritus is very distressing, especially 
at night-time. Secondary lesions due to scratchings and inocula- 
tion of pyogenic micro-organisms arc not rare. Ulcerative lesions 
have been reported by several observers as occasionally occurring. 

In some cases of red pinta an Aspergillus (species not determined) 
is found; in others a fungus of the genus Montoyella — M. bodim 
Castellani, 1907, found by Bodin in 1903 in a patient who was under 
the treatment of Darier. 

Castellani, in 1907, found the same or a very similar Montoyella in a case 
of red pinta observed in a European sailor who had long been in tropical 
America. In this case the disease had not yet spread much. Besides the 
red patches, there was on the right forearm a small greyish-violet spot, in 
which a fungus was found, which Penicillium fructifications in cultures 
(P. montoy ai). 

Red pinta is more s(;rious than any other variety, as it affects 
not only the superficial strata of the epidermis, but the rete Mal- 
pighii as well as the corium. 

Yellow Variety. — Very common among half-castes. It generally 
begins on the chest or arms. The patches arc yellow, and at first 
are not pruriginous and not desquamating. In old cases, however, 
there is pruritus. This variety is very frequently mixed with 
patches of white pinta, and is difficult to cure. The fungi found 
belong to the genera Monilia and Aspergillus. 

White Variety. — The patches are of a dull white colour, and are 
generally very large. The surface is usually rough and desquamat- 
ing, but at times it may be smooth. In some cases a fungus of the 
genus Monilia is present, but, according to Montoya, in other cases 
no fungus whatever is to be found. Montoya considers the white 
variety of pinta to represent in many cases the ultimate retrogres- 
sive stage of all the other varieties except the red. The patches 
of white pinta would be in such cases in reality unpigmented 



PINTA 


2099 


leucoderma-like areas due to the disturbing action of the various 
fungi on the pigmentation processes of the skin. 

Montoya's belief on the nature of white pinta in some cases is supported 
by Castellani's observations on tinea flava and tinea alba. In both these 
dermatomycoses wliite, pseudo-leucodermic patches may occasionally be seen 
long after the fungus has died out, and these patches may remain unpig- 
men ted for months and years. 

Mixed Variety, — -Not infrequently the same patient may be 
affected with several varieties of pinta, presenting a grotesque 
tattooed or piebald appearance. 

It is especially white pinta which is found associated with one 
or more of the other varieties. 

Diagnosis. — ^This docs not present any difficulty hi the countries 
where the disease is endemic. In any doubtful case the micro- 
scopical examination, supplemented when necessary by the use of 
cultural methods, will clear the diagnosis. 

Differential Diagnosis — Tinea nigra, — -In contrast to the black 
variety of pinta, tinea nigra is very siqierficial, does not extend to 
large portions of the body, may attack the palms of the hands, is 
not pruriginous, is easily cured except when affecting the palms. 
The microscopical examination of scrapings from patches of tinea 
nigra will show mycelial tubes of irregular shape and large globular 
spores collected in bunches. The spores are grouped together in a 
somewhat similar manner to what one sees in pityriasis versicolor. 

Tinea Flava. — In contrast to yellow pinta, the fungus of tinea 
flava is a Malassezia, has the same morphological characters of the 
fungus found in pityriasis versicolor, and cannot be grown arti- 
ficially. 

Tinea Albigena and Tinea Alba. — These arc generalized tricho- 
phytic and epider mo phytic affections, and are easily distinguished 
by the characters of the fungi. 

Leprosy can be distinguished from white pinta lesions by the 
sensibility not being impaired in pinta. 

Only white pinta patches with no fungus might be mistaken for 
leucoderma on superficial examination. White pinta is very often 
associated with other varieties of pinta, which are easily diagnosed. 
Leucodermic patches are smooth, non-pruriginous, and the skin 
surrounding them is often hyperpigment ed. 

Prognosis. — Pinta, though not a fatal disease, must be considered 
a serious affection, as its cours^ is clironic and the treatment very 
difficult. In most cases the general health remains satisfactory, 
but the disfigurement is very distressing to the patients, who often 
become nervous and irritable. The pruritus, which is generally 
more marked at night, is also a cause of great distress and sleep- 
lessness. 

Treatment. — ^Tbe popular treatment in Columbia is citrine oint- 
ment (mercury nitrate ointment). Other parasiticides have been 
tried, with a varying degree of success. When the eruption is at 
the very beginning, tincture of iodine may suffice. The best results 
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have been obtained by using chrysarobin (chrysarobin, gr . x. to xxx. ; 
ung. zinci ox., Ji-)* This must be applied cautiously. When th> 
malady affects large tracts of the body, only a portion should be 
treated at a time, to prevent as far as possible symptoms of absorp- 
tion. The urine should be regularly analyzed during the treat- 
ment. The chrysarobin ointment must not be applied to the face, 
lest a severe conjunctivitis should develop. For the face a resorcin, 
or resorcin-sulphur, or resorcin-salicylic, or salicylic acid ointment 
(resorcini, gr. xxx. to 3i. ; ac. salicylici, gr. xv. ; vaseline, §i.), is 
advisable, or citrine ointment may be used. 

Montoya recommends chrysarobin dissolved in chloroform (chrysarobin 
lo parts, chloroform go parts). Apply with a fine brush. When dry, apply 
gutta-percha dissolved in chloroform (gutta-percha lo parts, chloroform 
go parts). 

Chrysarobin may conveniently be applied in the form of a vernisol varnish 
( 5 to lo per cent.). 

PIEDRA. 

Synonym.- — Trichosporosis Tropica. 

Definition. — Piedra is a mycotic disease of some parts of South 
America causing very hard, small nodosities on the hair. 

Historical and Geographical. — The condition has been known 
locally in Columbia since remote times, but the first scientific 

descriptions are due to Desenne 
(1878), Morris (1879), Osario, and 
Megalhaes. More recently the 
condition has been studied by 

m 

Fig, 842. — Piedra. 

Juhel Renoy, Pernet, J. M. H. 
MacLeod, Horta, and others. 
This disease of the hair is com- 
mon in some districts of Columbia, 
especially the valley of Canca; 
but closely allied conditions are 
observed in several parts of the tropics, and occasionally in 
temperate zones [piedra nostras). 

AStiology. — If an affected hair is washed in ether, and then 
treated with liquor potassae, and examined microscopically, the 
nodules will be seen to consist of large polyhedric refringent bodies, 
held together by an amorphous substance acting as cement. 
These bodies are the spores of the fungus causing the disease 
[Trichosporum giganteum Behrend, 1890). The description of the 
fungus is given on p. iioi. In Columbia it is generally believed 
that the infection takes place ,by washing the hair with a mucila- 
ginous oil, much used by the women of the country. In British 
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Guiana natives consider it to be due to bathing in certain white 
or milky waters, while it does not occur if they bathe in the brown 
peat bush waters. 

Symptomatology. — ^The hair of the head of women, and less fre- 
quently the hair of the head and beard of men, is affected. The 
affected hairs present strings of pin-head-sized nodosities, which 
are better felt than seen. The nodosities may be very numerous, 
and are found on the surface of the hair -shaft, either on one side or 
surrounding it like a sheath. They are black and hard, though not 
so hard as the name piedra (stone) would imply, and a kind of 
crepitation is produced when the hair is combed. There is often 
matting and knotting of the hair. The disease is chronic, and the 
nodosities do not disappear spontaneously. 

Horta has described a variety of piedra in Brazil, characterized by the 
nodules containing large cyst-like structures, which Pinoy considers to be 
probably asci (seep. 1102). 

Diagnosis. — The microscopical examination of the nodosities 
renders the diagnosis easy. 

Prognosis. — The affection is of long duration, and has no tendency 
to spontaneous cure. 

Treatment. — ^This is difficult. It has been recommended to apply 
a 5 per cent, salicylic alcoholic solution or benzene and turpentine to 
the hair, and to wash the head regularly with a perchloride lotion 
(i in 2,000). In obstinate cases it is necessary to shave the head. 

Trichosporosis indiea. 

In India and Ceylon a condition similar to piedra is occasionally observed. 
It is, however, much less severe, a few minute nodules only being present 
on the hairs of the beard and moustache, and the hair of the scalp being 
rarely afiected. The fungus seems to be different from that of the Columbian 
piedra, 

Trichosporosis 0! Temperate Zones. 

Cases of trichosporosis of temperate zones or piedra nostras (tinea nodosa) 
have been described by Biegel (1869), Caro, Behrend, Unna, Pick, Vuillemin. 
The nodosities in such cases have been found on the hairs of the moustache 
and beard, not on the hairs of the head. The fungi are slightly different from 
Trichosporum giganieum. Several species have been described — Trichospovum 
heigeli Rabenhorst, 1867, T. ovoides Behrend, 1890, T. ovale Unna, 1896. 


TRICHOMYCOSIS FLAVA, RUBRA, NIGRA. 

Synonym's. — Trichomycosis axillaris, Trichonocardiasis, Tropical 
lepothrix, Castellani's Trichomycosis, Trichomycosis chromatica. 
Chromotrichomycosis. 

Definition. — A nodular affection of the hair, usually of the axillary 
regions, caused by Cohnistreptothrix tenuis Castellani (Nocardia tenuis 
Castellani), either alone or in symbiosis with chromogenic cocci. 

Historical. — Nodular affections of the hair have been described 
by European observers under various names, such as Lepothrix 
(E. Wilson), Trichomycosis nodosa (Patterson), Trichomycosis 
palmellina (Pick), but a great deal of confusion has existed until 
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recently on the subj ect, very different clinical descriptions having 
been given and the condition being ascribed to widely different 
germs. 

Paxton, Wilson, Pick, and later Payne, Patterson, Crocker, 
Pusey, etc., described the hairs as presenting irregularly lobed 
masses of hard consistency in which were often embedded some of 
the fibres of the cortex. 

According to Crocker, the fibres of the whole shaft may be split 
up and the hair may break off with a brush-like termination. The 
researches on the aetiology by various authorities gave the most 
widely different results, various bacilli being described by Payne and 
Patterson, a diplococcus by Eisner and later Sonnenberg, and a 
micrococcus by Colombini, etc. Babes, Pick, Balzer, and Bar- 
themly considered that the Bacillus prodigiosus played a role in the 
causation of the affection. 

In 1911 Castellani carried out an investigation in the tropics, 
describing the condition as seen there and differentiating three 
varieties — the yellow variety, the black variety, the red variety. 
He demonstrated that the yellow variety was caused by a nocardia 
{Nocardia or Cohnistreptothrix tenuis Castellani) ; the black variety 
by the same nocardia plus a black pigment producing coccus 
(Nigrococcus nigrescens Castellani) living in symbiosis with it; the 
red variety by the same nocardia plus a red pigment producing coccus 
living in symbiosis with it, and which was later on called Rhodococcus 
castellanii by Chalmers and O'Farrell. Castellani 's work was 
confirmed and amplified inthe Sudan by Chalmers and O’Farrell, who 
suggested for the affection the term ‘ trichonocardiasis in West 
Africa by Macfie, who described a variety of the red type: Jusca ; 
and by various observers in several other countries. In 1915-1918 
Castellani observed in the Balcanic- Adriatic Zone the three varieties 
he had described in the tropics, and found the same organisms. 

.etiology.- — The researches of Castellani have demonstrated that 
the yellow variety is due to a very thin, bacillary-like fungus, for 
which he proposed the name Nocardia tenuis, later changed into 
Cohnistreptothrix tenuis. The black and red varieties are due to a 
symbiosis of this fungus with chromogenic cocci , a coccus producing 
black pigment in the black variety, a cocciis producing a red pigment 
in the red type. 

Nocardia tenuis Castellani, 1912 (Cohnistreptothrix tenuis Castellani, 1912). — 
The microscopic examination of the nodules reveals the presence of enormous 
numbers of bacillary-like bodies, which are Gram-positive, but not acid-fast. 
If the nodules are kept in alcohol or formalin for several months, the fungus 
apparently loses partially or totally its property of being stainable by Gram's 
method. They vary in length, 4 ta 10 and more; the average, breadth is 
approximately 0 3 to o G ^ \ they may be straight or variously bent, occasion- 
ally branching; they are fairly clobely packed together, and are embedded 
in an amorphous cementing substance. In regard to cultivation, Chalmers 
and O’Farrell observed some slight growth in hanging drops of equal parts 
of human serum and normal saline. Macfie in one case succeeded in cultivating 
the fungus on ascitic agar, the colonies being very small and translucent. 
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Characters of the Coccus-like Organism found in the Black Variety (Micrococcus 
or Nigrococcus nigrescens Castellani, 191 1). — It is a Gram-positive, rather large, 
non-motile coccus, which in certain media may take the appearance oi a 
cocco-bacillus. Sugar media are more suitable for the growth of^the organism 
than the ordinary agar. 

Sahouraud Agar. — Colonies appear twenty-four to forty-eight hours after 
inoculation. They are roundish, at first white, but after a couple of days 
the centre of each colony turns black, and this pigmentation slowly spreads 
excentrically . After a time the colonies coalesce into a jet-black mass. 

Glucose, — -Growth sirnilar to Sabouraud, but slightly less abundant. The 
black pigmentation develops front the centre of ^e colonies and*^ slowl'^ 
spreads towards the periphery. 

Ordinary Laboratory Agar. — Growth much less abundant than on most 
sugar agars, and black pigmentation less marked. 

Levulose Agar. — Identical to glucose. 

Saccharine Agar. — The pigmentation is less pronounced, and does not 
spread to the whole oi the growth. 

Raffinose Agar. — Same as saccharine. 

Lactose Agar. — Scanty pigmentation. 

Alkaline Maltose Agar. — Black pigmentation well marked, though in 
many cases it does not extend to the whole of the growth. 

Acid Maltose Agar. — Growth less abundant than on acid maltose. Black 
pigmentation well marked. 

Mannite Agar. — As alkaline maltose. 

Inulin Agar. — As alkaline maltose, but pigmentation less pronounced. 

Saccharose. — As inulin. 

Glycerine Agar. — Abundant growth, the whole of which after a time becomes 
of jet-black colour. 

Galactose. — As inulin. 

Adonite. — Like acid maltose. 

Serum. — Growth fairly abundant, but there is only a trace of pigmentation. 
The medium is not liquefied. 

Gelatine. — No liquefaction. The growth on the surface shows after a 
time some dark pigmentation, but the colonies along the stab are white. 

Milk. — No change. 

Broth. — General turbidity. A thin pellicle is often present. The micro- 
scopical examination shows cocci arranged in pairs or irregularly. They are 
not capsulated. 

Peptone Water. — Some growth at the bottom, while the rest of the tube is 
clear. 

Sugar Broths. — No formation of acid or gas. 

Indol. — Most strains produce a trace of indol. 

Characters of the Coccus-like Organism found in the Red Variety of the 
Affection. — The coccus found in the red variety is more difficult to isolate 
and grow than the coccus observed in the black type of the affection. As 
a rule it grows better and shows more pigment on ordinary agar than on 
sugar media. It is non-motile and Gram-positive. 

Agar. — The growth is at first white, then a red or red-yellowish or yellow 
spot appears in the centre. The pigmentation very slowly progresses towards 
the periphery, but seldom, if ever, spreads to the whole of the growth. On 
maltose and glucose agar the same pigmentation is present, but on most of the 
other sugar media no pigment is produced. Gelatine and serum are not 
liquefied. This coccus, as already stated, is Gram-positive and non-motile. 
The coccus has been recently further investigated by Chalmers and O'Farrell, 
who have observed that the best medium for showing the pigment is the potato. 
They have called the coccus Rhodococcus castellanii. 

Symptomatology. — ^The affected hairs of the axilla present 
nodular formations, plainly visible to the naked eye, of rather soft 
consistency. They are easily removed by scraping with a tri« 
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angular needle or any similar instrument. The formations are 
either yellow or black, or, less frequently, red. They may be very 
abundant, and form a yellow, or black, or red sheath round the 
hair (Figs. 843 and 844), which may at times become lustreless and 
depigmented. The same patient may have two varieties: The hairs 
of one armpit may show the yellow variety, while the hairs of the 
other armpit may present the black type. Sometimes the same 
individual hair may present some of the nodules yellow and others 
black, or, rarely, red. We have >not yet observed all the three 
varieties present at the same time on the same patient. 

The microscopical examination with a low power shows that the 
affected hair is covered at several places by roundish formations, 



Fig. 843. — Trichomycosis Axillaris Flava. 



Fig. 844. — Trichomycosis Axillaris Nigra. 


partially or totally encircling the shaft. Using a higher power, 
these formations will be seen to consist, in the yellow variety, of 
enormous numbers of bacillary-like bodies embedded into an 
amorphous cementing substance. In the red and black varieties 
in addition to these masses of bacillary bodies which are the my- 
celial segments of the Nocardia (Cohnistreptothrix) , large groups of 
cocci-like bodies are observed. The affection in our cases was never 
associated with chromidrosis. It may attack the pubic hair. 

Macfie has described a subvariety of the red type, of less vivid colour: 
fusca. It is caused by Cohnistreptothrix tenuis plus a coccus which seems to 
be a variety of M. castellanii. 
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Diagnosis. — ^This is based on the presence of yellow, black, or 
red, rather soft, nodules on the hairs of the axillary regions, which, 
on microscopical and cultural examination, show presence of 
Nocar dia tenuis [Cohnistreptothrix tenuis) alone, or with Micrococcus 
[N igrococcus) nigrescens or Micrococcus {Rhodococcus) castellanii. 

Differential Diagnosis. — The condition must be differentiated 
from the other nodular parasitic conditions of the hair, viz. : — 

1. Trichosporosis tropica, or piedra. 

2. Unna's trichosporosis, or piedra nostras. 

3. Behrend’s trichosporosis, or ‘ nodular trichomycosis.’ 

4. Beigel’s trichosporosis, or tinea nodosa. 

5. Du Bois*s trichosporosis. 

1. Trichosporosis tropica, or piedra, generall]y affects the hair 
of the head. The nodules are extremely hard, hence the name 
' piedra.’ The fungus found belongs to the genus Trichosporum 
{Trichosporum giganteum Behrend, 1890). 

2. Unna’s trichosporosis, or piedra nostras, has been described 
by Unna in the hair of the moustache and beard. It is due to 
Trichosporon ovale (Unna, 1896). 

3. Behrend’s trichosporosis, or ' nodular trichomycosis,' described 
by Behrend, affecting the hair of the beard. It is due to Tricho- 
sporum ovoides (Behrend, 1890). 

4. ' Beigel’s trichosporosis,’ or ' tinea nodosa,’ discovered in 
London by Cheadle and Morris, and later in Breslau, Nancy, etc. 
It attacks the hairs of the head, and is due to Trichosporum beigeli 
(Rabenhorst, 1867). 

5. Du Bois's trichosporosis of the hairs of the pubic region due 
to Trichosporum glycophiles (Du Bois, 1910). 

Trichomycosis axillaris flava, rubra, and nigra has nothing to do 
with piedra or with any other form of trichosporosis, as no Tricho- 
sporum is found, the fungus being a Nocardia or more correctly a 
Cohnistreptothrix, with very thin, bacillary -like mycelium. The 
types of the condition we have seen in Europe are very similar or 
identical with those we have seen in the tropics, except that in 
temperate zones we have never observed the black variety. The 
nodules were not very hard and the hairs not brittle, though 
European observers describe the European type as being charac- 
terized by the presence of hard nodules and the hairs becoming 
brittle. 

Course and Prognosis. — The course is chronic, but the condition 
may subside or disappear on the patient going to a cold climate. 
The affection, if of very little pathological importance, has a certain 
practical interest, being much objected to by patients, especially 
by ladies, . . r 

Treatment. — ^The treatment originally used by Castellam is often 
efficacious. It consists in dabbing the hair two or three times daily 
with a solution of formalin in spirit (3i.-?5vi.) and applying at night 
a sulphur ointment (2 to 5 per cent.). Shaving, Tr. lodi, and a 
salicylic alcoholic lotion, have been recommended. 
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RARER NODULAR AND GUMMATOUS AFFECTIONS OF 
HYPHOMYCETIC ORIGIN. 

Hemisporosis. 

Historical and Geographical. — Gougerot and Craven described 
a case of osteoperiostitis due to Hemispora stellata Vuillemin some 
years ago. Later Auvray and Bidot found the same fungus in 
a generalized nodular affection, and De Beurmann, Clair, and 
Gougerot found it in a gumma situated on the penis of a negro. 

/Etiology. — The condition is due to a fungus, Hemispora stellata 
Vuillemin, the description of which is given on p. iio8. 

Histopathoiogy. — The histological lesions resemble those of 
tuberculosis cutis, as noted by Auvray and Bidot. 

Symptomatology.— Gumma-like swellings are present, either single 
or multiple. These may later ulcerate. A chronic osteoperiostitis, 
with thickening of the tibia somewhat resembling the type due 
to syphilis, has been described. Mercury, however, had no effect. 

Diagnosis.- — This is based on isolating the fungus. The fungus 
microscopically is seldom if ever seen in the lesions, and cultures 
are necessary. These are carried out in the same manner as for 
sporotrichosis. 

Treatment. — Potassium iodide given in full doses (gr. xv.-xx.) 
three times daily is very efficacious. 

Acremoniosis. 

There is only one case on record of this condition by Potron and 
Noisette in France. The condition is due to a fungus, Acremonium 
potronii Vuillemin, 1911. which has been described on p. 1121. 
The patient had fever, which was at first suspected to be typhoid, 
and several gumma-like swellings developed, which slowly ulcerated. 
They were not painful. The proximal glands were not enlarged. 

Diagnosis. — This is based on finding the fungus by cultural 
methods. 

Treatment. — In the only case known an intensive potassium 
iodide treatment cured the condition. 

|Enantiothamnosis. 

Definition. — A nodular condition due to a fungus, Enantio- 
thamnus braulti Pinoy, 1911. 

Historical and Geographical. — This condition has been described 
by Brault in Northern Africa, who isolated the fungus, the com- 
plete botanical description of which we owe to Pinoy. 

AStiology. — The causative fungus is E. braulti Pinoy, 1911 (see 
p. 1096). 

Symptomatology. — The condition in the only case so far known 
was characterized by the presence of nodules on the gluteal regions, 
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the size of a pea to a small egg. The nodules had a central crateri- 
form opening, from which some pus exuded. 

Diagnosis* — This is based on cultivating the fungus from the 
lesions. 

Treatment. — ^This is surgical, but first potassium iodide might be 
tried. 

Gladosporiosis. 

Definition. — A nodular condition due to Cladosporium penicilloides 
Gueguen, 1911. 

Remarks. — There is another tropical condition due to a fungus 
of the genus Cladosporhim — viz., tinea nigra — but this affection 
is clinically so different that we do not give it under the heading 
Cladusporiosis. We have given a separate description of it (see 

p. IIOl). 

Historical. — Fontoynont isolated the fungus from a case in Mada- 
gascar. Gueguen placed it in the genus Cladosporium and named it 
C. penicilloides Gueguen, 1911, and Verdun called it C. madagas- 
cariense Verdun, 1913 [vide pp. 1100 and iioi). 

Symptomatology.- — In the only case so far known, that of Fon- 
toynont, gummatous nodules were present on the leg, some of which 
slowly ulcerated. 

Treatment. — Potassium iodide has apparently very little efficacy 
in this condition. 

Scopulariopsosis. 

This condition is due to Scopulariopsis blochi Matruchot, 1 91 1 , and S. koningii 
Vuillemin, 1912. Two cases have been reported so far from France. The 
patients presented gummata and vcrrucose patches on the skin. Lymphan- 
gitis was noted in one case. The diagnosis is based on finding culturally 
the fungi. The treatment consists in giving large doses of iodides. 

It is to be noted that Pinoy and other authorities doubt the pathogenic 
role attributed to S. blochi. 
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CHAPTER XCIII 

MYCETOMA AND PARAMYCETOMA 


General remarks — The mycetomas — The maduromycoses — The actinomycoses 
— The paramycetomas — The pseudomycctomas- — Actinomycosis of the 
body — Nodular actinomycosis- — Trench foot^ — References. 


GENERAL REMARKS. 

The subject of the mycetomas has for years been in an exceedingly 
confused condition, because there has been no clear conception as to 
the exact meaning of the term, and no scheme whereby the fungi 
associated with the disease could be identified. Further, the curious 
relationship of the disease to malignant growths of various descrip- 
tions does not appear to have been realized until lately. The labours 
of Pinoy, of Brumpt, and those of Chalmers with Archibald and 
Christopherson, systematically continued for years, have enabled a 
certain amount of information to be gathered together in under- 
standable form. 

There are three distinct conditions which require to be studied— 
viz., the Mycetomas, the Paramycetomas, and the Pseudomyce- 
tomas — and detailed references to the fungi associated with these 
forms will be found in Chapter XXXIX. (p. 1035), which deals 
with the Fungi Imperfecti; in addition, a few remarks are necessary 
with regard to actinomycosis of the body. 

THE MYCETOMAS. 

Synonyms. — Madura foot, the Fungus disease of India, Godfrey and Eyre's 
Tubercular disease. Endemic degeneration of the bones of the foot, Morbus 
tuberculosis Pedis, Morbus Pedis Entophyticus, Podclkoma, La Maladie de 
Ballingall, Slipada, Hatty-ka-Pung, Keerenagrah (signifying a dwelling of 
worms), Kirudeo (signifying a dwelling of worms), Ghootloo Mahdee (signify- 
ing eggs of insects, probably so called from the small bodies found in the dis- 
charge) . 

Nomenclature. — In 1846, Colebrook of Madura said that the 
disease was commonly known in some parts of Southern India as 
‘ Madura foot.' 

In i860, Vandyke Carter applied the term ' mycetoma,' or fungus 
tumour {fJ^vKrjq, a fungus, and otdijfxa, a tumour), to that variety of 
Madura foot which contained black granules, and one year later 
included under this name the white or yellow variety of the same 
complaint with which he had become acquainted. 
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Definition. — The term * mycetoma ' includes all growths and 
granulations which produce enlargement, deformity, or destruction 
in any portion of the tissues of man or animals, and which are 
caused by the invasion of the affected area by fungi belonging tr^ 
different genera and species, which produce bodies of varying 
dimensions, colour, and shape, composed of hyphae, and sometimes 
chlamydospores, embedded in a matrix. These bodies, which are 
capable of giving rise to mycelial filaments, on germination, are 
termed ‘ grains,’ and are found either embedded in the pathological 
tissue forming these growths and granulations, or escaping freely in 
the discharge therefrom. In addition, eosinophile bodies can usually 
be seen. 

Early History. -According to Waring, as quoted by Collas, the 
Sanscrit work ' Vaweda,’ by which is probably meant, ' At’harva- 
veda,’ describes a disease of the foot termed ‘ padavalmicum/ 
which causes swelling and the formation of little fleshy tumours, 
which, after an interval of a year from tlie commencement of the 
disease, discharge a peculiar fluid. 

This disease is distinguished from another malady of the foot 
which is called ‘ slipatham,’ or elephant foot. 

If the above is a correct quotation from the ‘ At’harvaveda,’ then 
the Ancient Indian surgeons must have distinguished elephantiasis 
of the foot from such conditions as might have been produced 
therein by mycetoma, yaws, etc. 

It is, however, curious that, like Collas, we have been unable to 
find any account of such a disease in the writings of Su. 4 ruta. 

The term 'perical,’ used by Kaempfer in 1712, is applicable to any 
enlargement of the foot, whether caused by elephantiasis, mycetoma, 
or yaws, but the Pondichery missionary of 1714 appears to have 
seen the disease mycetoma, and possibly the actinomycotic variety, 
because he describes under the term ‘ fourniiliere des vers ’ an in- 
curable disease of the foot in which numerous small ulcers form, 
which intercommunicate by means of canals full of worms. These 
canals arc described as being peculiar in that if one closes another 
opens. 

Heyne probably recognized some sort of a mycetoma, in 1806, 
in the foot of the Rajah’s brother at Cuddapah, and Brett’s ‘ adipose 
sarcoma,’ described in 1840, may have been of the same nature. 

Madura Foot Period. — With the closing years of the last period 
it will be noticed that it began to dawn upon the medical men of 
India that there existed in that country a peculiar disease of the 
foot, and this was emphasized by Gill of Madura, who, in 1842, 
described a condition of that member which was characterized 
by marked deformity and fungoid excrescences, from which flowed 
an offensive ichorous discharge, while internally the disease pro- 
duced a condition resembling fibro-cartilage, and destroyed joints, 
cartilages, and ligaments. 

Four years later, Colebrook, Gill’s successor at the Madura 
Dispensary, confirmed these observations, and stated that the 
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disease was commonly known in some parts of India as Madura 
foot/ As no mention is made, as far as we know, by these authors 
of any black pigment being present in their cases, we conclude that 
probably they saw the actinomycotic variety of mycetoma. 

It is interesting to note that about this time (1843) von Langen- 
beck, in Kiel, made illustrations of some curious bodies which he 
considered to be fungal in nature, and which he found in the pus 
from a case ’"of spinal caries. Unfortunately he never published 
this observation, which was made known by Israel one year after 
Bollinger’s discovery, which will be mentioned below. 

In 1848, Lebert found some peculiar spherical yellowish bodies, 
about the size of a pin’s head, in some thick gelatinous pus which 
Louis had obtained from an abscess associated with much swelling 
of the thoracic wall in a man, aged fifty years, in Paris. These 
bodies were carefully examined, both microscopically and chemically, 
and drawings were made which were subsequently published by 
Lebert (1857). 

We have examined copies of these drawings, and they represent 
in a typical manner the fungus of an actinomycosis. Lebert, 
however, failed to recognize their fungal nature. 

In 1855, Smith, in London, made some drawings for Paget of 
a tumour of the upper jaw, in which an organism resembling a 
ray fungus is portrayed. These drawings were published by 
Kanthack (1896). 

Also in 1853, Ballingall, in India, described a disease of the 
foot, in the discharge from which he found bodies composed of large 
cells with transparent fringes containing irregular spicules, or 
simply composed of radiating spicules without cells. In 1858, 
Rustomji described a variety of Madura foot in which he found small, 
soft, yellowish granules, and which he distinguished from another 
variety of the same disease, in which he found a dark, soft, thick 
substance. Rustomji ’s first variety we call yelloxv actinomycosis 
and his second variety black maduromycosis. 

We will now consider the subject of the Maduromycoses. 

THE MADUROMYCOSES. 

Definition. — The Maduromycoses are those forms of mycetoma 
which possess grains composed of large segmented mycelial filaments, 
possessing well-defined walls and usually chlamydospores. 

History. — Excluding some ancient references discovered by 
Collas, to which Corre has drawn attention, and which will be con- 
sidered when we discuss that author’s writings, the history of the 
black maduromycoses commences in 1845 in India, where Garrison- 
Surgeon Godfrey, in his Departmental Report of the Public Dis- 
pensary at Bellary, described the occurrence of a considerable 
black deposit, much resembling fragments of coal, in a foot which 
had been amputated because it was affected by a disease which was 
commonly known as ' ulcus grave,’ because the ulcers and sinuses 
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produced such a serious condition that amputation became necessary. 
This disease he had described in the same report for the preceding 
year, designating it ' morbus tuberculosis pedis/ because, though 
he recognized it to be dissimilar from other recorded diseases, he 
looked upon it as a local tubercular aftection, and, influenced by 
this view, he considered the black particles mentioned above to be 
accidental, and not essential parts of the disease. He also mentions 
that it was known to the natives as ‘ ghnotloo mahdee,* from the 
tubercular irregularities being supposed to resemble eggs. 

This first case of black maduromycosis occurred in a native aged 
about thirty years, and had existed four to five years before ampu- 
tation was performed. The morbid appearances are described as 
being similar to those fully set forth in his 1844 report, with the 
addition of there being in this instance one cyst (or excavated 
tubercle) containing melanotic matter about the size of a small 
walnut, and extending from the plantar to the dorsal aspect of the 
foot, between the metatarsal bones of the great and second toes, 
which were in part absorbed. The int guments were not involved 
in this mass, which when recent had an angular and brilliant black 
appearance much resembling a fragment of coal, and was considered 
to be an accidental product in this peculiar case. 

Carter says that the second volume of the ‘ Indian Annals ' 
(probably dated about 1849) P* 7 ^^ contains an account of 
dark granular or black gritty particles being found among the bones 
and in the sinuses of a diseased foot, but we have been unable to 
refer to this work, and are ignorant of the name of the discoverer 
and of the date and place in which this observation was made. The 
particles in question were examined microscopically, and were 
believed to consist entirely of dried blood, a belief which lasted for 
many years. 

It may perhaps be advisable at this point to draw attention to the fact that 
Ballingall's celebrated observations do not refer to the black, but to the yellow 
variety of mycetoma, and hence do not enter into this history. 

Sub-Assistant Surgeon Bazonji Rustomji (1858), of the Bhoo's 
Dispensary, in the Province of Kutch, drew attention to the fact 
that there were two forms of the disease — viz., one in which there 
was no granular deposit, but only a substance dark in colour and 
soft and thick in consistence; while the other showed small, soft, 
yellowish granules. This is the first occasion, as far as we know, 
when a differentiation was made between the melanoid and the 
ochroid varieties of the disease, but Rustomji did not recognize the 
fungal nature of the bodies in question. 

Eyre (i860) states that in every foot examined by him there were 
numerous minute tubercles resembling fish roe, which were found 
lying beneath the muscles and extending from the bones to beneath 
the skin, with nodules of the same appearance and often black in 
colour. This paper deals with the external characters of the disease, 
its previous history, natural course, morbid anatomy, aetiology (which 
was doubtfully thought to be somewhat tubercular) , and treatment. 

133 
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In i860, Vandyke Carter began a series of classical observations 
upon the black and yellow forms of Madura foot , which he continued 
until 1874, and during which he firmly established the tungal 
nature of the disease. . 

His first paper (i860) was entitled ' On a New and Striking Form 
of Fungus Disease affecting the Foot and Prevailing Endemically in 
Many Parts of India.' In his second publication (i860) he clearly 
differentiated between the white or ocliroid division of the Myce- 
tomas, which to-day we call 'actinomycosis/ and the black or 
melanoid variety, which we now name ' black maduromycosis. ' 
He demonstrated that the black grains were of true vegetal nature, 
with a black friable rind composed of clear, orange-tinted, ovoid 
or angular cells and beaded fibres closely arranged so as to form a 
compact structure, and in addition larger vesicular bodies (seemingly 
comparable to gemmules or sporangia), which he thinks may arise at 
the extremities of the compressed beaded fibres by gemmation and 
expansion. The pale reddish-brown central part of the larger 
sclerotes was composed of slender, pale, flattened, and branching 
fibres arranged in bundles and intermixed with numerous granules 
and a few large beaded fibres, the septa of which were sometimes 
absent. 

He placed some black particles, taken from a foot, on cotton soil 
moistened with animal juices and enclosed in a stoppered bottle, 
which he left unopened for two and three-quarter years, when he 
found a thin reddish film had appeared. Other black particles sown 
on rice paste for the same length of time remained unchanged, but 
on opening the bottle a red mould speedily made its appearance. 

With reference to this mould, he says: ' It had not, however, a 
clear connection with the fungus particles, but seemed to spring up 
independently of them upon the rice whenever this was exposed to 
the air.' 

This statement is of importance, as he grew a fungus from the 
white variety which was pink in colour, and produced sporangia 
resembling those of a species of the genus Mucor Micheli, 1729, but 
differing therefrom in the absence of a columella, which should have 
brought it under the genus Mortierella Coemans, 1863 ; but Berkeley, 
who examined the growths from a botanical point of view, classified 
it under the genus Chionyphe Thienmann, 1839, calling it Chionyphe 
carteri Berkeley, 1862, and defining it as: — ' Hyphasmate ex albo 
flavorubroque, sporangiis demum coccineis, sporis breviter fusi- 
form ibus.' 

The genus Chionyphe, however, was never recognized by myco- 
logists generally, as its species came under the genera Mortierella 
or Mucor, while Chionyphe carteri was most undoubtedly a contami- 
nation, as its connection with the black or white grains was never 
proved, as we have noted above with regard to the former. 

Thus we rnay conclude that although Carter gave the first proof 
of the parasitic nature of the grains, he was unable to produce 
growths by cultivation from either the black or the white varieties. 
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In i860, Minas wrote upon ‘ keereenagoah ' of the foot, as seen in 
the Punjab. The term used is a vernacular word signifying worm 
disease. He states that the characteristic symptom of the complaint 
is gradual enlargement of the foot, usually starting with a swelling 
in the sole associated with the presence and constant discharge of 
small particles, either soft or black and hard, from fistulous openings, 
Collas (1861) described black maduromycosis as seen in Pondich^ry, 
He recognized the little bodies of blackish or reddish brown colour, 
which in their clearer parts seemed to be formed of small transparent 
cells, which he could not sufficiently study. He called the disease 
* degeneration endemique des os du pied.* 

H. J. Carter (1862) came to the conclusion that the fungus of 
black maduromycosis was nearly allied to Mucor stolonifer Ehren- 
berg, 1818, the spores of which in an amoeboid state he considered 
entered the body through the sudorific ducts. Berkeley (1862) 
mentioned the fungus in question; he gave it the name Chionyphe 
carteri, a nomenclature which he subseauently repeated (1865). 

In 1867, Moore reported an important early case in which he 
effected a cure by cutting and scraping away all the diseased tissues, 
and he augmented this in 1873 by recording two more cases of a 
similar nature, treated in the same way with a like result. 

In 1870, Holmstcd, of Hyderabad, Sind, found a thorn of irregular 
shape and J inch long in a case of black mycetoma, in which it 
had been embedded for two years. In the same year, Bristowe 
described and figured the fungus seen in the black particles of a 
foot from a case of black maduromycosis amputated in Cantoor, 
and demonstrated to the Pathological Society of London by Tilbury 
Fox. Bristowe’s descriptions and figures are excellent, and amply 
confirm Vandyke Cartcr*s work. Thudichum chemically examined 
the black pigment of this case, and showed that it was not derived 
from blood. 

Hogg (1872) described a black maduromycosis from India, in 
which he was able to observe the fungal threads and to resolve them 
into jointed dissepimented cells, some branching out and attaining 
a considerable length, while others terminated in an enlarged ovoid 
head. He, however, believed that the fungus was a secondary 
product, which might greatly aggravate but did not originate the 
disease, and suggested that it might be introduced at the time of 
the first accident when the foot was struck against a stone, or by the 
poultices used as treatment ir. a later stage. 

Vandyke Carter (1874) published his monumental and classical 
work ' On Mycetoma, or the Fungus Disease of India,* which con- 
cluded his long-continued labours at this complaint. 

Lewis and Cunningham (1875) admitted the fungal nature of 
the black particles, but not of the yellow granules. They showed 
that Chionyphe carteri had nothing to do with black or yellow grains. 

In 1876, Berkeley came to the conclusion that Chionyphe carteri 
had nothing to do with mycetoma, a point which can be easily- 
judged from the passages quoted above. 
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Notwithstanding all these researches, a great deal of confusion 
still existed with regard to the disease, which can be judgea Dy a 
study of Fox and Farquhar's (1876) report. It was admitted that 
the black granules were fungal in nature, but it was contended that 
they were not causal in effect, because all the essential features of 
mycetoma were found to be present without any black fungal 
particles, and because there was not suthcient evidence forthcoming 
at the time in proof of the vegetal character of the yellow grains, 
which were believed to be essentially fatty in nature. It was, 
however, admitted that Moore’s observation showing that the black 
variety could be cured by excision of all the particles at an early 
stage of the disease was a strong argument in favour of the parasitic 
nature of mycetoma. 

Though Carter had found black, yellow or white, and red grains, 
still the general belief was that these were one and the same process, 
and, moreover, observers of this period must have seen the pseudo- 
mycetomatous conditions mentioned above, because competent 
workers appear to have met with cases i]i which they were unable 
to find any grains, although the clinical appearances resembled 
mycetoma. 

Corre (1883) placed in order, completed, and revised the notes 
of researches made by Collas since his publication, already men- 
tioned, in 1861. In these notes, which were published after his 
death, Collas desired his previous name for the disorder to be altered 
to ‘ La Maladie de Ballingall,’ and states that the earliest references 
to the disease with which he is acquainted can be found in Waring’s 
paper, and in one of the sacred books of the East which he calls 
‘ Vaweda ' (Ushta wunga hr ethayum) , which appears to us to be the 
‘ Atharvaveda.’ In this latter work, ‘ slipatham,’ or elephant foot, 
is distinguished from ' padavalmicum,’ which refers to an incurable 
malady of the foot associated with swelling and the formation of 
fleshy tumours, from which, about a year after the appearance of the 
first symptoms, there exudes a peculiar fluid. He also points out 
that the words ' perikal,’ ‘ anaikal ’ (Tamil) — this means Cochin 
leg — ‘ slipada ’ (Bengalese), * hatty-ka-poung ' (Deccan), are applic- 
able to elephantiasis as well as to Madura foot, and, therefore, should 
not be specially applied to the latter, as they really mean the 
‘ leg of an elephant.’ In Ballary, he says, the disease was called 
* gootloo mahdee,’ because the swellings on the foot were thought 
to be like eggs; while in Rajputana it was called ' kirinagras,’ or 
the dwelling-house of worms, because the sinuses were considered 
to be like the cavities often occupied by the larvae of flies. He also 
says that in 1714 a missionary described under the name of ' four- 
miliere des vers * a disease of Pondichery which was incurable, and 
in which numerous ulcers intercommunicated by means of small 
canals full of worms, which were peculiar in that if one closed 
another opened. This information Collas obtained from vol. ii., 
.p. 167, of a book published in Paris in 1812, and entitled ' Memoires 
sur les moeurs et coutumes de Unde par un missionaire.’ Collas 



MADUROMYCOSES 


2117 


also points out that in 1806 Heyne saw the brother of a Rajah at 
Cuddapah in Hyderabad with a foot in a leprotic state, but which 
was considered to be distinct from leprosy, although it was not 
known what the nature of the disease might be. Collas thinks that 
this must have been mycetoma, and draws attention to Brett's 
* sarcomes adipeux,' in which he says it is difficult not to recognize 
Ballingall's disease. 

With reference to the above names, it will be noted that they 
apply to any form of mycetoma, and not especially to black myce- 
toma. The name * Ballingall's disease/ in our opinion, is not 
applicable to the black mycetomas, because, as already indicated, 
he was not acquainted with the disease. 

In 1886, Carter gave up his pink mould, and drew attention to 
the similarity between the fungus of actinomycosis and that of 
mycetoma. 

Kant hack (1893) studied both the yellow and black mycetomas, 
and came to the conclusion that the former agreed morphologically 
and structurally with actinomycosis, but with regard to the black 
grains his position was curious, for although he found them to 
consist of an olive-brown, glassy, or finely granular material, in 
which hollow filaments, radially arranged, were embedded, still 
he regarded these as degeneration changes, and sought to prove 
that the granules were an organism allied to the actinomycosis fungus 
which he had found in the yellow variety. Thus, like Vandyke 
Carter, he believed both varieties to be fungal in nature and to be 
caused by the same fungus, but he attempted to show that the 
fungus of the yellow variety existed in the black, while the former 
observer believed the reverse to be true. He named the fungus 
Oospora indica Kanthack, 1893, and distinguished the two varieties 
as 0 . indica var. flava and 0 , indica var. nigra. Unna, to whom 
he sent specimens, however, did not make this error, but says: — 

' A whole series of important distinctions separate the two fungi, 
and there is no question of their identity.' 

Boyce and Surveyor (1894), in a most important paper, first 
definitely proved that the fungi existing in the black and yellow 
varieties were quite different, and thus definitely established the 
two main divisions of mycetoma, which to-day we call maduro- 
mycosis and actinomycosis. They showed that the black grains 
were composed of a large, septate, branching fungus embedded in a 
brown pigmented ground substance, which was readily bleached 
by eau de Javelle. They did not observe spore formation, nor was 
cultivation attempted. 

In the same year Boccaro also differentiated between the white 
and the black varieties of the disease. 

Chatterjee (1911) observed that grains placed in agar and glucose 
agar tubes increased in size some seven to eight times in four days, 
and were surrounded by fine hair-like structures which were composed 
of delicate branching mycelial threads, which were seen to come from 
the thick black threads. On potato, the growth was dry and black. In 
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broth, small white colonies composed of radiating threads were found 
sticking to the walls of the tube. No diffuse growth was seen, nor did 
any scum form on the surface. Animal experiments were negative. 

Mackenzie, in the same year, appeared to obtain similar cultures 
on agar; at first the growth was white and translucent, with radia- 
tions from the centre, later it became greyish yellow, there being a 
central granule surrounded by a clear zone and an indented margin. 
After a week the colony became a deep mahogany, and under the 
microscope exhibited mycelial structures. 

Semon (1915) reported a case of black maduromycosis which 
occurred in a native Indian soldier serving in France. He left 
India about October, 1914, and in January, 1915, he injured one of 
his feet by the fall of an ammunition box. The patient attributed 
the disease to this cause, but Semon considers, probably correctly, 
that he must have been infected before leaving India. A typical 
mycetoma developed in about six months, and the pus contained 
black particles in which a central mass of mycelium obscured entirely 
by black pigment could be made out, but no proper demonstration 
of the fungus in situ could be made. The foot could not be ampu- 
tated, but sections were made of some of the tissue, which showed 
marked vascular hypertrophy, polymorphonuclear, plasma, and 
connective tissue cells, but no endo- or periarteritis and no giant 
cells. Growths were obtained at 35° C. on agar-agar, maltose agar, 
and Raulin’s fluid. The fungus formed a central black portion with 
a peripheral zone of white or grey, and in the course of ten days or 
less became black. 

In 1916 Chalmers and Archibald grew a fungus allied to that 
described by Semon from a case of black maduromycosis found in 
the Anglo-Egyptian Sudan, and in 1918 defined and classified the 
Maduromycoses. 

Climatology.- — The Maduromycoses are known to occur in Europe, 
Africa, Asia, and America, but not in Oceania. 

The climatology has been most thoroughly studied for black 
maduromycosis, which occurs in the Anglo-Egyptian Sudan, where 
the disease was first described by Balfour in 1904, and the northern 
part of which is hot and arid. He gives the native name for myce- 
toma as ‘ Napt Hindi Nabit,’ and states that the black variety is 
most frequently encountered, and that the foot is the part principally 
affected, while the inguinal glands are often involved. In 1908, 
Wenyon noted its presence at Bor, which is hot but not arid, while 
Balfour’s researches in 191 1 have already been noted in the historical 
section. According to our inquiries, the word most commonly used 
by natives in the Sudan is ‘ en-nabt,’ which means ‘ the growth.’ 

In addition to the Anglo-Egyptian Sudan, the following is a 
list of African places from which cases of black maduromycosis 
have been reported: — Algeria, Tunisia, Somaliland, Madagascar, 
Transkei (South Africa), Senegal, and the French Sudan. 

In Asia the disease is recorded from the Yemen, various parts of 
India, Ceylon, and possibly from North Borneo. 
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In America it has been described in the United States by Wright, 
and in the West Indies by Scheult. 

In Europe it has so far only been found in Italy, Macedonia, and 
Southern Germany. 

This distribution, according to political geography, has but little 
meaning when the object being studied is a fungus, and for further 
details we turn to plant geography. According to Drude, climatic 
and local conditions permit the division of the surface of the world 
into six zones of vegetation, viz.: — The Northern Glacial Zone, 
the Northern Cold Winter Zone, the Northern Hot Summer Zone, 
the Tropical Zone, the Southern Hot Summer Zone, and the Southern 
Cold Zone. 

The black maduromycoses occur in the Northern Hot Summer 
Zone, which includes Spain and Italy, North America, the Sahara, 
Indo-China, Malay Archipelago, the United States (roughly south 
of Utah), and Mexico. The general characl ers of this region are; — 
Very hot summer temperatures with cold nights and no real winter, 
but with varying rainfall. It contains very dry climates; it also 
contains wet areas. The black maduromycoses are most commonly 
met with in the dry parts of this area. 

The Tropical Zone, which appears to be the real home of these 
fungi, is generally humid, but contains arid regions bordering upon 
the preceding. In this zone comes the Anglo-Egyptian Sudan, in 
the northern or more arid part of which black maduromycoses are 
common, and the same remarks apply to Somaliland, while West 
Africa is mostly moist. 

It also includes the greater part of India, in which the distribution 
of mycetoma, according to Boccaro, is interesting. 

This observer states that Major Prain divided India into six 
floral regions, viz.: — India Deserta, India Diluvia, India Aquosa, 
India Vera, India Sub-Aquosa, and India Littorea, while black 
maduromycosis is found in only India Deserta and India Vera, and 
is practically almost absent in other regions. 

India Deserta includes the Indus Plain Region — i.e.y Sind, 
Rajputana, and the Punjab; while India Vera includes the Deccan 
Region, consisting of the dry but not desert triangle between the 
Western and Eastern Ghats, with its apex at Tinnevelly and its base 
at the borders of the plain of the Ganges. 

The white varieties of mycetoma are also found in this area, but 
are outnumbered by the black maduromycosis, while in India 
Deserta the preponderance of the black maduromycoses is even 
more marked than in India Vera. 

In Madura and adjoining districts of Tinnevelly, Palmcotta, and 
Coimbatore, situate in India Vera, mycetoma is very common, and 
the climate is hot and arid. 

The Southern Hot Summer Zone includes South Africa, where 
the disease has been recorded, but where it is apparently rare. 

This is as far as the present state of our knowledge permits us 
to go with regard to geographical distribution, and more research 
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on this part of the subject is required, but from the above it is 
obvious that heat and aridity are favourable conditions for the fungi 
which cause black maduromycosis. 

Botanical and Zoological Distribution.— Unfortunately, we are 
in complete darkness as to the characters which the fungi causing 
black maduromycosis assume when not living in animals or on 
artificial culture media. 

Even with regard to those forms of black maduromycosis due to 
an aspergillus, we are quite ignorant as to whether this particular 
fungus lives on soil or on plants. 

Etiology. — ^The outstanding feature of microscopical specimens 
prepared from a case of maduromycosis is the presence of coloured 
granules, black in black maduromycosis , whitish or yellowish in 
white or yellow maduromycosis, and red in red maduromycosis. 

These coloured granules are called ‘ grains,' a term which has been 
defined by Chalmers and Archibald as follows: — 

'The term "granum" or grain has been given to differently 
coloured bodies of varying consistence, size, and shape, found in 
mycetomas, and composed of hyphse, with sometimes chlamydo- 
spores, embedded in a matrix and giving rise to mycelial filaments 
on germination.' 

The aetiological importance of these grains and their contained 
fungus rests upon the fact that they are present in all forms of 
maduromycosis and are co-extensive with the disease, while their 
complete removal effects a rapid and complete cure. 

Animal inoculations have been successful in some varieties, thus 
affording, in these instances, a full and convincing proof of the cetio- 
logy of the fungus — e.g., Pinoy's and Pepere's varieties. 

The setiological features of the various forms of maduromycosis 
are set forth below in a list which shows the Maduromycoses classified 
— firstly, by the colour of the grain; secondly, by the geographical 
distribution; and thirdly, by the discoverer's name or names. 

I. The black maduromycoses, with black grains. 

II. The white or yellow maduromycoses, with white or yellowish 
grains. 

III. The red maduromycoses , with red grains. 

I. THE BLACK MADUROMYCOSES. 

These may be divided into: — 

A. The European black maduromycoses. 

B. The African black maduromycoses. 

C. The Asian black maduromycosis. 

D. The American black maduromycoses, 

A. The European Black Maduromycoses. 

(i) BassinVs, Kobners, and Schmincke' s black maduromycoses , 
respectively found in Padua, Italy, and in Kissingen, and of which 
the nature of the aetiological fungus is unknown. 
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(2) Bovo's black maduromycosis, found in Genoa, and of which the 
causal agent is called Madurella hovoi Brumpt, 1910, but ihi% 
identification must be accepted with reserve, as the fungus has never 
been cultivated, and may not agree with the definition of the genus 
Madurella, as altered by Pinoy in 1912 subsequent to the cultivation 
of M. mycetomi and M. tozeuri. 

(3) Peperes black maduromycosis , found at Domusnovas in the 
Province of Cagliari in Sardinia, and caused by Scedosporium 
sclorotiale Pepere, 1914. 

B. The African Black Maduromycoses. 

(t) Brumpt* s black maduromycosis, caused by Madurella mycetomi 
(Laveran, 1902). 

(2) Nicolle andPinoy*s black maduromycosis, caased by Madurella 
tozeuri (Nicolle and Pinoy, 1908). 

(3) Bouffard*s black maduromycosis, caused by A siyer villus bouf- 
fardi Brumpt, 1905. 

(4) Chalmers and Archibald's black maduromycosis, caused by 
Glenospora khartoumensis Chalmers and Archibald, 1916, which 
has now been recovered three times in the Anglo-Egyptian Sudan. 

These African black maduromycoses may be differentiated from 
one another as follows: — 

A. Microscopical preparations show aspergillar heads — Bouffard*s black 

maduromycosis. 

B. Microscopical preparations do not show aspergiJlar heads; on culture 

the following types of spore are obtained : — 

1. The aleuriosporal form of conidium — Chalmers and Archibald's 

black maduromycosis. 

2. The arthrosporal form of thallospore: — 

(a) Mycelium greyish-white, when old, yellowish and darkening 

the media in sugar cultures. Spores varying in dimen- 
sion from 2 to 5 microns. Grains black and sterile, with 
a diameter from 0*5 to i millimetre, formed in the depths 
of the medium in cultures. Can invade the skin, bone, 
muscles, and connective tissue of man, giving rise to black 
grains which are small, hard, round, and more or less warty, 
and which morphologically resemble the grains formed 
in the cultures. Up to the present the inoculation into 
animals is negative. Very widely spread in Africa. 
Isolated by Brault from a mycetoma with black grains in 
Algeria — Brumpt' s black maduromycosis. 

(b) Mycelium white, becoming yellowish with age, and darkening 

the medium in sugar cultures. Spores generally small, 

2 microns or sometimes even 5 microns in diameter. 
Grains are only rarely produced, and then the} appear on 
the surface of the medium. Occasionally it gives rise to a 
mycetoma in man, in which it forms black amorphous 
grains which are often made up of mycelial rings enclosing 
some degenerate cellular elements which are impregnated 
with the pigment of the fungus, and also of small diffuse 
masses formed solely by the filaments of the fungus which 
have a yellow membrane. Inoculation into pigeons 
positive. Isolated b} Nicolle from a mycetoma at fozeur 
— Nicolle and Pinoy's black maduromycosis. 
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c. Tke Asian Buck Maduromycosis. 

There is only one type known at present— viz., 
maduromycosis, caused by Glenosporasemoni Chalmersana Arcnioaia, 
1917, which can be readily differentiated from Glenospora kmt ou- 
mensis Chalmers and Archibald, 1916, by the following characters. 


(r) Grown on clear maltose agar in Khartoum after twelve days in an un- 
capped tube at j?o° C. : — 

G. semoni produces a cupola-shaped, large, central black mass 
with an outlying fringe of white. 

G. khartoumensis produces a black growth, consisting of a central 
crumpled ridge or hillock placed on a grooved black plateau, and 
with hardly any white fringe. 

(2) and (3) Grown on glucose agar and blood serum; there are marked 
differences between the two fungi. 


D. The American Black Maduromycoses. 

(1) Wright's black maduromycosis, which was found in the United 
States in an Italian woman who had left Italy, where black maduro- 
mycosis occurs, an indefinite number of years before the onset of 
the malady. The systemic position of the causal fungus is unknown. 

(2) Seheult's black maduromycosis, which was found in the West 
Indies in a native of India, who had left that country twelve years 
before the onset of the malady. The nature of tlic causal organism 
is unknown. 


IT THE WHITE OR YELLOW MADUROMYCOSES. 

These may be divided into: — 

A. The European white maduromycoses. 

B. The African u)hite maduromycosis. 

C. The Asian white maduromycosis. 

A. The European WhitE' Maduromycoses. 

(1) Brumpt and Reynier's white maduromycosis, caused by Indiella 
reynieri Brumpt, 1906, with a large soft grain, found in Paris. 

(2) Tarozzi and RadaeWs white maduromycosis, caused by Scedo- 
sporium apiospermum (Saccardo, 1911), with a small, rather hard, 
and yellowish grain, found in Sardinia and Italy. 

B. The African White Maduromycosis. 

Nicolle and Pinoy’s white maduromycosis, due to Sterigmatocystis 
nidulans (Eidam, 1883), with grains of size varying from those 
which are almost microscopic to others about the size of a pea, of 
rounded or polyhedral form, and of variable colour, being dirty 
white or yellowish-white, and soft in consistence, and found in 
Tunisia. 
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C. The Asian White Maduromycosis. 

BrumpTs white maduromycosis, due to Indiella mansoni Brumpt, 
1905, with very small and very hard white grains, found in India. 

The differentiation of the white maduromycoses may be effected 
as follows: — 

A. Grains soft : — 

[. Sterigmatocystic heads found in grains and in cultures. Grains 
not like a ribbon rolled on itsrlf — Nicolle and Pinoy*s white 
maduromycosis. 

2. No such heads to be found in the grains, which are like a ribbon 
rolled upon itself — Brumpt and Reynier's white maduromycosis, 

B Grains hard : — 

1 . Grains small, yellowish, not reniform ; spore of the type of a coni- 

^iwm—Tarozzi and Radaeli's white maduromycosis. 

2. Grains small, whitish, reniform; spore of the type of an arthro- 

spore — Brumpt' s white maduromycosis. 


TIT. THE T^ED MADUROMYCOSIS. 

Only one form is known Balfour and Archibald's red maduromycosis, which 
was possibly due to an aspergillus, because aspergillar-like heads were found 
in the grains. It occurred in the Anglo-Egyptian Sudan. 

Pathology. — The causal fungus is introduced into some part of 
the body by a wound produced by a thorn, a splinter of bamboo or 
other wood, by a sharp stone, knife, etc., but once introduced into 
the subcutaneous tissues, it commences to grow, the original wound 
in the meantime healing. Usually the growth is slow; but if 
Kemper and Jamieson’s case was true mycetoma, it may be rapid, 
and, indeed, this is supported by Musgrave and Clegg’s inoculation 
of Nocardia asteroides into a monkey’s feet, in which the swelling 
developed in ten to sixteen days, and was quickly followed by sup- 
purative lesions. As the fungus grows, it destroys the tissues of the 
foot, and meets with but little reaction on the part of the body, 
and no attempt is made to repair its ravages. The reaction on the 
part of the body confines itself to alymphocytic infiltration around 
the fungus, and later the formation of granulation tissue, with 
epithelioid and giant cells at times; while, finally, fibrous tissue is 
formed around the fungus and its surrounding cells, and the vessels 
become blocked by an endarteritis and periarteritis. This appears 
to be an attempt to encapsulc and prevent the spread of the parasite, 
as well as to damage it by cutting off its food-supply. 

At the same time the cellular exudate becomes a thin, oily, occa- 
sionally stinking, pus, and works its way to the surface, forming 
apertures, and carrying the parasite with it. This must be con- 
sidered to be an attempt to rid the body of the fungus. 

In the meanwhile the parasite, if of certain species, forms special 
club-shaped hyphae considered to be chlamydospores, which at first 
serve for extracting nutrition from the surrounding leucocytes, but 
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surrounded by pus, the fungus gathers itself into granules, 
the so-called sclerotia, which show externally radially arranged 
fibres or clubs, and internally a mass of mycelium with crystals and 
debris, the latter being most marked in the centre. These granules 
escape to the exterior, and form the yellow, black, or pink granules 
in the discharge. As the fungus grows in the foot the connective 
tissues and the muscles undergo vitreous degeneration, and break 
up into debris, amongst which pieces of nerves and tendons may be 
found, while even the bone in some cases becomes attacked by a 
form of degeneration and disappears. The result is that the foot 
appears much swollen externally, and shows the openings of the 
sinuses, through which the pus and the fungoid granules escape; 
while internally the normal structure may have completely dis- 
appeared, being replaced by degenerated tissue, debris, sinuses, 
and fibrous sacs containing the fungus and the pus. 

The result is, however, not merely destruction of the foot, but 
also great bodily waste, due to the continuous discharge, so that 
the patient becomes emaciated, and may finally die of cachexia. 

Morbid Anatomy. — The pathological anatomy of black maduro- 
mycosis has been the subject of a fair amount of investigation. 
Kanthack merely drew attention to the fact that the black masses 
were always to be found embedded in dense fibrous tissue, while a 
few pus and granulation cells were to be seen in most cases. In the 
fibrous wall yellowish-brown or black pigment could be found, 
while fuchsin bodies were present in most specimens. Unna's 
example, obtained from Kanthack, only showed fibrous and some 
granulation tissue. Boyce and Surveyor drew attention to the 
presence of small round cells, macrocytes, and giant cells surrounding 
the fungus in cases of black maduromycosis. Their microphoto- 
graphs are, however, mainly devoted to the fungus, while their 
Fig. 22 evidently depicts a very young piece of fungus surrounded 
by giant cells. 

Wright (1898) stated that the nodules consisted of more or less 
atypical connective tissue, in the cavities of which the granules lay 
surrounded by polymorphonuclear leucocytes, loose epithelioid cells, 
and cellular detritus. The cavities were lined by either a wall of 


vascular granulation tissue or by masses of epithelioid and multi- 
nucleated giant cells, while these cells closely invested other granules, 
and outside of this tissue lay lymphoid and plasma cells. He gives 
in his original paper four excellent^low-power photographs, of which 
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Figs. 4, 5, and 6, though older, if examined with a lens, will be 
seen to agree more or less with Boyce and Surveyor's Fig. 22. 

Oppenheim’s description in 1904 mainty deals with the fungus, 
but Brumpt's account of the histological changes induced by 
Aspergillus houffardi covers all the important points — viz., the 
polymorphonuclear leucocytes, the lymphocytes, the giant and 
epithelioid cells, the connective tissue, the cells containing brown 
pigment, and the endarteritis. On Plate XIX., Fig. 7, and Plate XX., 
Figs. I and 2, he shows appearances resembling those described by 
Boyce, Surveyor, and Wright in a young grain in which the giant 
cells are situate close to the fungus. 

Boccaro, writing in 1909 in general terms for the encapsulated 
form of both white and black mycetomas, says: — 

‘ The fungal hyphae are surrounded by round cells, held together by a delicate 
network of fine bloodvessels, the cells being located in the meshes of a fibrillar, 
transparent, reticulated substance. On the inner side of the group of round 
cells, between them and the central hyphal mass, is a collection of finely 
granulated debris, and on the outer side, in most preparations, may be seen 
large nucleated cells, giant cells, and phagocytes.' 

This description, which unfortunately is not illustrated, agrees 
well with our observations. 

Balfour, in 1911, published photomicrographs of black maduro- 
mycoses believed to be due to Madurella mycetomi and to Aspergillus 
bouffardi, but did not describe them. 

Babes (1913) gave a well-illustrated account of Indian black 
maduromycosis, in which he observed far less cells than we have 
noticed in immediate relationship to the fungus, from which the 
giant cells were separated by fibrous connective tissue. He drew 
attention to violet and reddish rounded bodies enclosed in cells. 

In 1916 Chalmers and Archibald gave an account of the histology 
of a case of black maduromycosis, and this is followed in the 
description given below. 

845 shows the general appearance of black maduromycosis 
very slightly magnified. It will be observed to be largely composed 
of fibrous tissue containing black particles 
— the grains — and some spaces, which are 
formed by the falling out of some of the 
black granules during preparation. The 
spaces demonstrate the character of the 
lacunae occupied by the grains and their black Maduromycosis. 
surrounding cells. 

The fungal mass lies embedded in cellular tissue, as is shown in 
Fig. 846. The spaces are artefacts produced in making the section, 
which otherwise is as natural as possible — is not bleached or 
softened in any way. The cracks in the black mass are also arte- 
facts. Around the fungus lies a mass of small cells, and on the 
upper and left side of the grain are seen some giant cells, which 
also occur in other parts, but are not in such close relationship to the 
fungus; then comes some fibrous tissue containing a number of 
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^ells, bloodvessels, and lymph spaces, the last mentioned being 
situate towards the top of the photograph and being markedly 
dilated. At the very top of the figure, and only partially shown, 
comes the dense fibrous connective tissue which is continuous with 



Fig, 846. — Black Maduromycosis, 

the dense tissue, depicted in Fig. 846, which permeates and surrounds 
the growth. Therefore the main features of the tumour may be 
summarized as follows: — 

1. Fungus. 

2. Small cells. 

3. Giant cells and large cells. 

4. Small cells, connective tissue, bloodvessels, and lympli 

spaces. 

5. Dense connective tissue. 

The cells are separated by a variable amount of fine connective 
tissue, which also supports large lymph spaces and bloodvessels. 
Debris and pigmentary granules can also be seen. A special rare 
feature of this lawyer is the presence of mononuclear cells containing 
one or more eosinophile rounded bodies, which were first observed 
in this pathological condition by Kanthack, and subsequently by 
nearly all the other workers on the morbid histology of the black 
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maduromycoses, to which they are, however, not confined. Theif 
exact nature is unknown, but they are probably in some way due 
to the fungus. 

On inspecting the upper part of the cellular mass, it will be 
observed that the white fibrous tissue increases in amount, but is 
still loose and contains many cells in its meshes, while more 
externally, and situate at the top of the photograph, is seen the 
denser and less cellular connective tissue, which is continuous with 
that separating one fungal mass from another and surrounding the 
whole tumour. In this connective tissue, cells containing yellowish 
granules are frequently observed. 

There are also many lymph spaces and bloodvessels, but the 
latter at times show signs of endarteritis or periarteritis, by which 
means the lumen of the vessel may be considerably diminished or 
even closed. 

Very rarely do the fungi invade the body, and rise to a general 
infection. 

The peculiarity of the pathology is the slight reaction which the 
body makes against the invasion by the fungus, and the entire 
absence of any attempt at repair. 

The black varieties of mycetoma owe their colour to a dark 
substance which the fungi secrete. The nature of this black sub- 
stance is not known. It is soluble in hot sulphuric acid, forming a 
yellowish-red solution, but is not soluble in cold sulphuric acid nor 
in potash solutions. According to Thudichum, it does not contain 
haemoglobin in any form, though a small quantity of iron is present. 

In more advanced cases the swollen foot shows nodules and 
openings externally, the latter of which lead into the sinuses. In 
sectionizing the foot it will be noticed that the sinuses which run in 
various directions are communicating, and end in small cavities 
containing pus and the fungus, and that these cavities are embedded 
in degenerated tissue and debris. 

The bone may or may not be affected, but if it is, the whole foot 
can be easily cut by a knife. 

Microscopically the tissues show degeneration and debris, with 
fibrous tissue formation, endarteritis, and periarteritis, and at times 
absorption of the bone. 

The microscopical examination of sections of the tissues typically 
affected — viz., of alveolar appearance — and containing mycotic 
grains, show a central roundish mass — the mycotic grain — a clear 
circular space, and the surrounding degenerated tissues. The clear 
space is due to the fact that the thin purulent matter in which the 
granule is embedded contracts during fixation with alcohol. The 
mycotic granule is composed at the centre almost exclusively of 
mycelial elements with a few leucocytes; more externally there are 
masses of amorphous substance, staining lightly purplish with eosin, 
in which a few mycelial threads may be seen. The periphery shows a 
polymorphonuclear infiltration. The walls of the alveoto cavities 
containing the granules are formed of young connective tissue with 
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j^umerous plasma cells and occasionally giant cells; there is a 
hiarked proliferation of bloodvessels. 

Symptomatology. — ^The disease usually begins in the foot, more 
rarely in the hand, and still more rarely in the leg, knee, neck, or 
trunk. There may or may not be a history of [a cut or injury some 
time previously. In any case, this primary injury will have healed 
long before the disease is well established. 

The incubation period in well-recorded ’'cases would appear to 
be short; thus, in Musgrave and Clegg’s case, one month after the 



Fig. 847. — Mycetoma. 

primary injury the wound reopened and discharged pus, and in 
their experiments on monkeys it appeared to vary from ten to 
sixteen days. Further researches on this point are, however, 
required. 

The earliest signs are either pain or swelling in the region of the 
original injury, which is usually on the sole of the foot, between the 
toes, or on the instep. The swelling becomes a hard lump, on the 
surface of which a bleb may form, which bursts and reveals a small 
opening discharging an oily, rarely sanious, thin, offensive pus, in 
which the granules characteristic of the fungus may be found. 
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Some new indurations and nodosities appear in various parts of 
the foot, and new openings are formed, while the whole foot begins 
to swell in a very characteristic manner. First the arch of the 
foot fills up and disappears, the whole sole becoming so swollen and 
convex that the toes are no longer able to touch the ground, and 
may be pushed apart, but are usually not affected by the disease. 
At the same time the dorsum of the foot becomes studded with 
nodules and openings. The colour of the integument may be 
normal, but is usually darker than in the healthy skin. It is rarely 
oedematous. The openings, when examined by a probe, are found 
to lead into sinuses, which penetrate deeply into the tissues, and at 
times even into the bones of the foot. The quantity of the dis- 
charge varies from time to time, being increased by motion. On 
palpating the affected area, it is found to be elastic, and the sensi- 
bility to be normal. The inguinal glands are often enlarged and hard. 

As the disease progresses, pain, which at first v/as slight, becomes 
more marked, especially in cold weather. The patient ceases to 
be able to place the foot to the ground, and is compelled either to 
walk on the heel or to use a support. The leg begins to waste, 
and after a long time the patient becomes weak and anaemic from 
the constant drain on the system by the discharge, and possibly 
also by toxins produced by the fungi. General constitutional dis- 
turbance of a febrile nature is rare. 

The disease is very chronic, and has no tendency to heal, and if 
not treated, will eventually ceiuse the death of the victim, from 
exhaustion or diarrhcea, after lasting some ten or twelve years. 

Diagnosis. — The peculiar swelling of the foot, with a hlling-up of 
the arch, and the formation of sinuses from which a discharge 
containing the typical grains is escaping, enables the disease 
to be diagnosed with certainty from elephantiasis or tubercular 
disease of the foot. 

The variety of the fungus may be determined by examining the 
grains or the scrapings of the sinuses microscopically, culturally, 
and by inoculations in animals. 

It is to be noted that the typical grains may for a time be absent 
from the purulent liquid exuding from the sinuses. In such cases 
squeezing of the nodules may make the grains appear, or a nodule 
which has not yet opened may be incised and the contents examined. 

Prognosis. — If tlie growth is observed when young, small, and 
lying subcutaneously, so that it can be completely removed, the 
prognosis is good, as the wound heals readily and the growth does 
not recur. 

If, however, the growth has lasted some time, and has involved 
the bones, the prognosis is not good, and is worse if the lymphatic 
glands are also implicated. 

Treatment. — Remove the growths at an early stage and as com- 
pletely as possible. In later stages amputations well above the 
seat of any lesion, together with the removal of any enlarged 
lymphatic glands, is the only possible treatment. 
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Potassium iodide may be tried, but as a rule internal medicines 
and vaccines are useless for this form of mycetoma. 

Prophylaxis. — The wearing of boots and shoes and not walking 
barefoot are apparently good and sensible methods of prophylaxis. 

THE ACTINOMYCOSES. 

Definition. — ^The Actinomycoses are those forms of mycetoma 
with grains composed of very fine non-segment ed mycelial filaments, 
in which usually the walls are not clearly defined from the contents, 
and in which chlamydospores are absent. 

History. — This period opens with Bollinger’s epoch-making work 
in 1876 on the lumpy- jaw of cattle, a disease which had been re- 
cognized since 1785, and in which he found the constant presence 
of a branching organism. This fungus was examined by Harz 
(1877-78), who gave it the name Actinomyces hovis, but, most un- 
fortunately, this generic name cannot stand, because, unbeknown 
to Harz, it had already been used by Meyen (1827) a fungus 
which he called Actinomyces horkelii, which is in no way related 
to the group of fungi which we are considering. This mistake 
launched the generic name applicable to these organisms on to a 
sea of change, and led to much confusion. 

I. Nocardia hovis. — The correct name for Bollinger’s organism is 
Nocardia hovis (Harz, 1877). The fungus appears to have been first 
seen in man by Israel in 1878. Corre (1883) was the first to draw 
attention to the similarity between actinomycosis and the ochroid 
variety of mycetoma, while Acland (1886) was the second observer 
to demonstrate the presence of actinomycosis in man ; and as Israel’s 
name is associated with quite a different human actinomycosis, we 
propose to name this variety A eland's actinomycosis. In 1886, 
Vandyke Carter, as we have already stated, also drew attention 
to the likeness between actinomycosis and mycetoma. Finally, 
in 1891, Bostroem grew N, hovis from eleven cases of actinomycosis 
in man, and since that time it has often been cultivated and de- 
scribed. It is a nocardia with radially arranged filaments, which 
show club-like enlargements of their extremities, caused by a pro- 
tective thickening of the walls in animals and less commonly in 
man, and having abundant Gram-positive but not acid-fast hyphse, 
some of which end in chains of arthrospores. 

It grows well aerobically at 22° C., but better at 37° C. Anaerobic 
growths are, as a rule, but poorly developed. 

It may form a dry pellicle on the surface of broth, but more 
usually it gives rise to cohering colonies at the bottom of the tube, 
and in either case the medium remains clear. 

It grows slowly on gelatine, producing a yellowish- white growth 
and slow liquefaction, beginning about the seventh day. The 
resulting fluid may or may not be dark coloured. On blood serum 
it produces poor growths, and no liquefaction or pigmentation of 
the medium. 
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On agar and glycerine agar it forms hard, spherical, white colonies, 
which give rise to an undulating crateriform growth, having a 
yellowish or greyish tint, which in its turn becomes a lichenoid 
ashen grey or yellowish mass with a powdery efflorescence. On 
maltose agar it forms discrete fawn-coloured colonies, later 
becoming yellow, dark brown, or even black, while the medium may 
be slightly darkened. 

On potato it forms confluent, hard, raised, variously coloured 
masses, at flrst white, but becoming greenish-yellow, brown, greyish- 
black, or even black, with more or less erosion and pigmentation of 
the medium to which the growth is very adherent. No diastatic 
action has been observed. 

Litmus rndk is first reddened, but later it becomes a clear brown 
alkaline liquid. It is pathogenic for man, ox, horse, pig, and other 
animals, while experimentally rabbits and guinea-pigs have been 
infected by intrapcritoneal inoculation. 

2. Nocardia asteroides. — Nocardia hovis (Harz, 1877) is not the 
only organism known to cause actinomyCv>sis in man, for in 1890 
Eppinger obtained an organism which he called Cladothrix asteroides, 
and which is now known as Nocardia asteroides (Eppinger, 1890), 
from the lesions in a case of pseudo-tuberculosis of the lungs and 
pleura, with old caseous nodules in the apices and calcareous degener- 
ation of the bronchial and supraclavicular glands, together with a 
cerebral abscess which had ruptured into the ventricles. The 
fungus was Gram-positive and acid, but not alcohol-fast, and grew 
aerobically on laboratory media, and was pathogenic for laboratory 
animals. It was afterwards recognized by Almquist, in 1890; by 
Sabrazes and Riviere, in 1894; by Aoyama and Miyamoto, in 1900, 
in Tokio; by MacCallum, in 1902, in America; and by Schabad, in 
1903, in Russia. It is also the same as the fungus described by 
Musgrave and Clegg (1907), in a case of mycetoma in the Philippine 
Islands, under the name Streptothrix freeri. 

In 1909, Lindcnberg, in Brazil, isolated a fungus from a case of 
mycetoma of the left leg, which began in the popliteal space, and 
to this organism he gave the name Discomyces brasiliensis. 

He was very careful to separate it from N. hovis and from 
N, madurcB {N. indica), but he does not appear to have done so 
with regard to N. asteroides. We therefore offer a comparison be- 
tween the two organisms in the table on p. 2132. 

The inoculations into animals are not comparable, as Lindenberg 
did not use monkeys. He was unsuccessful with a guinea-pig, but 
does not say how he inoculated it, while Musgrave and Clegg were 
successful by means of intrapcritoneal inoculations. 

The (Jifferences as set forth between N. brasiliensis and N, 
asteroides appear to us to be very slight, and therefore we are able 
to agree with Pinoy in his belief that they are one and the same 
organism. 

Also Cranwell, Bachmann, and Del Pont (1909) gave an excellent 
and well-illustrated description of a yellow mycetoma in Buenos 
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Aires. Unfortunately, they did not grow it on inspissated blood 
serum, but, as far as we understand their account, we should classify 
this organism, which they did not name, 3.^ Nocardia asteroides. 


Nature of Test. 

N. asteroides from 
Musgrave and Clegg. 

N . brasiliensis 
Lindenberg. 

Result of 
Comparison. 

Seat of disease 

Mycetoma of foot. 

[Mycetoma of leg. 

j 

Difference un- 
important. 

Grains 

Consistency dough- Consistency soft ; 
like; colour ycl-; colour yellowish- 
lowish- white ; size} white; size o*i-o*5 
0*25-0*5 mm. in| mm. in diameter, 
diameter. | 

No important 
difference. 

Clubs 

Usually absent. 

: Absent. 

Agree. 

Bacillary and coccal 
forms 

Numerous bacillary 
and coccus - like 
varieties. 

j Bacillary and coccal 
forms present . 

Agree. 

Optimum tempera- 
ture 

Slower growth at 
30° C. than at 

37° C. 

Better growtli at 
room temjxu’ature 
than at 37° C. 

Slight dis- 
agreement. 

Anaerobic cultivation 

Docs not grow. 

Does not grow. 

Agree. 

Broth 

Floating Hat par- 
ticles which later 
fall to the bottom. 
Medium not affected. 

Small particles 
which later fall to 
the bottom of the 
tube. 

Medium not affected . 

Agree. 

Gelatine 

No liquefaction. 

No liquefaction. 

Agree. » 

Sabouraud’s glucose 
agar at 37° C. 

C(*ntre yellow, peri- 
phery pink to 
pinkish-white. 

Colonics rose violet. 

Slight d i s - 
agreement. 

Potato 

At first delicate pink 
and later yellow 
ochre centre with 
pinkish or white 
periphery; the 
medium b(‘comes 
darkened. 

At first a rose colour, 
and later a yellow- 
orange colour; the 
medium becomes 
brown. 

Agree. 

Serum 

Growth slower. 
Colonies at first 
white, later diffuse 
pink. 

Grows very badly at 
37“ C. 

Colonies white. 

Later pink not 
mentioned 
in N. hra^ 
siliensis. 

Milk 

Yellowi.sh ma.ss. 

No coagulation. 

Y e 1 1 0 w i s h-orange 
pellicle. 

No coagulation. 

Agree . 
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Nocardia possesses Gram-positive, acid, but not alcohol- 

fast hyphse, which are without club-like enlargements. It pro- 
duces restricted growths aerobically and usually anaerobically at 
22° C. and 37° C., but nothing is stated in the literature we have 
consulted with regard to any odour arising from these cultures. It 
does not liquefy gelatine or blood serum, nor has it any di astatic 
action. It reddens litmus milk, which later becomes alkaline, but is 
not coagulated or cleared. It grows on the agars and on potato, 
producing reddish (often brick red) growths. It is pathogenic for 
monkeys, rabbits, and guinea-pigs. 

3. Nocardia liqucfaciens. — 'Fhis fungus was obtained by Hesse in 
1892 from a man in Germany wit li a left inguinal abscess which com- 
municated with the rectum. Subsequently other abscesses formed 
on either side of the dorsal spine. The pus from these abscesses 
discharged soft yellowish grains about t he size of a millet seed, which 
contained a Gram-positive fungus which did not possess clubs. 
On cultivation it grew readily, and was found to be strictly aerobic. 
In gelatine stabs it formed a nail-shaped growth, which at room 
temperature in Europe was only visible on the third day, while 
liquefaction, beginring on the fourth or fifth day, was complete by 
the end of the week. The liquefied gelatine was not discoloured, 
and if the growth stuck to the glass it was yellowish, with a whitish 
covering. On blood serum it formed small cloudy granules of the 
same colour as the medium, in twenty-four to forty-eight hours. 
Liquefaction begins at the end of the first week and proceeds slowly, 
the liquid remaining quite clear and colourless, and only after some 
six months turning to a reddish-yellow colour. In broth it forms 
delicate flakes which fall to the bottom of the tube, and consist of 
a lower surface which is yellowish-white, and an upper surface which 
is snow white. The medium remains quite clear. No surface 
growth is mentioned. 

On agar the colonics at first form separate rosettes, which remain 
distinct for a time. These coloni('s appear to resemble the gelatine 
culture, being yellowish below and having a white envelope. The 
growth on glycerine agar is more vigorous than on ordinary 
agar. 

On potato it forms .small yellow nodules by the second day, 
which later become covered with a snow-white efflorescence, which 
does not alter. Apparently it was not grown on glucose agar, milk, 
or eggs. Intravenous, intraperitoncal, and subcutaneous injections 
into rabbits, guinea-pigs, and white mice were negative, 

Hesse gave it the name Cladothrix liquefaciens , which now becomes 
Nocardia liquefaciens (Hesse, 1892), and it appears to be the same 
organism as that named Sireptothrix buccalis by Goadby in 1903, 
and found by him in 1899 ^^e mouth in cases of pyorrhoea. 

Goadby's form showed clubs, or club-like swellings. It precipitated 
the casein in milk, which became clear. 

4. Nocardia indica. — Kanthack, 1893, studying specimens of black 
and yellow mycetoma which came from India, concluded that the 
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latter variety was a true actinomycosis, and attempted to show 
that the former was the same, only in a degenerated condition. 

He only examined the specimens microscopically, as no cultures 
were possible, and named the fungus in question Oospora indica 
Kanthack, 1893, calling his two varieties 0 . indica var. flava and 
0. indica var. nigra. The name of this fungus, translated into 
more modern nomenclature, becomes Nocardia indica (Kanthack, 

1893)- 

Boyce and Surveyor (1894) clearly proved that the melanoid 
variety was due to quite a different fungus from that causing the 
ochroid variety, which latter they considered in some, but possibly 
not in all, cases to be an actinomyces, a conclusion in which they 
were supported by Hewlett and by Boccaro. The latter analyzed 
one hundred cases of Madura foot, of which the vast majority were 
black mycetomas, while seventeen had evidence of pricks with an 
acacia (Babul) thorn, in several of which it was found present on 
examination. 

Kanthack 's name appears to have been overlooked, but it cer- 
tainly has priority as regards the fungus of an actinomycotic 
nature causing the ochroid variety of mycetoma as seen in India, 
but difficult of recognition in that it was not cultivated. 

In 1892, Gemy and Vincent described a parasitic disease of the 
foot in Algeria, which they considered analogous to, if not identical 
with, the ochroid variety of Vandyke Carter's mycetoma. 

In 1894, Vincent, still working in Algeria, met with a streptothrix 
in a similar case. This fungus, which was first known as Strepto- 
thrix madurcB Vincent, 1894, is believed to be identical with the 
fungus found by Boyce in London in an agar tube inoculated in 
India from a case of the ochroid variety of mycetoma. 

This streptothrix found by Boyce is, of course, an entirely different 
organism from the mucor-like fungus called Chionyphe carteri 
mentioned above, which therefore cannot be placed in the list of 
synonyms of N. madurce, as has been done by some authors. 

Boyce's culture showed a fungus without club-shaped extremities 
which grew very slowly on agar, glucose agar, and glycerine agar, 
at a temperature varying between 35° C. and 37'' C. No formation 
of pigment was observed, but it was remarked that the organism 
closely resembled that of actinomycosis. 

In 1904, Cornwall reported the cultivation of Vincent’s organism 
in India. He washed the grains in six changes of sterile salt solution, 
and then planted them on agar in tubes. After an interval of one 
or two months a growth appeared, which in some cases assumed 
a pink colour and in others remained a dull white. In subcultures 
it grew more freely, preserving its characteristics, one of which was 
to adhere so closely to the medium that each nodule had to be liter- 
ally dug out when it was required to transfer it to another tube. 
Puff-balls formed in broth and hay infusions, while it was noted 
that the fungus required plenty of oxygen for its growth and only 
occasionally formed the pink pigment. 
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This description by Cornwall leaves no doubt in our minds that 
he met with Vincent's organism in a case of the ochroid variety 01 
mycetoma, and if this is correct, then Kanthack’s name assumes its 
priority and Vincent's becomes a synonym, and the correct name of 
the fungus is Nocar dia indica (Kanthack, 1893), and this is supported 
by Strong's culture of the same fungus from an Indian mycetoma 

V^ith regard to the remaining history of the fungus, it should be 
noted that in 1898 Legrain, and in 1899 Brault, again descnbea its 
presence in Algeria, while in 1901 Albertini and Desvernine reported 
its presence in Cuba, and in 1902 Brumpt discovered that it existe 
in Abyssinia, while Sommer y Greco demonstrated its presence in 
the Argentine in 1904, and Williamson in Cyprus in 1905, 
year Brumpt, in his classic on Mycetoinas, stated that he had 
obtained it from India, Somaliland, ;ind Senegal. 

In the same year, Pelletier described a ca^e of mycetoma with 
red grains which he saw in Saint Louis, in Senegal. The grains 
were very small, from 0-4 to 0-5 millimetre in diameter, and ot 
a beautiful vermilion red colour. In the same year Laveran 
published a paper upon Pelletier’s mycetoma, m which he says tnat 
it was possible on making sections of the tumour to easily discern 
therein little red spots of variable size which stood out irom the 
surrounding neoplasm. These grains contained a large number 01 
Gram-positive micrococcal-like bodies embedded in a groun 
substance. These bodies, which measured 07 micron in diameter, 
were never found isolated, but always in masses or short chains. 
No trace of a mycelium could be seen, and for this reason he gave 
it the name of Micrococcus pelletieri Laveran, 1906. But coccai-iiKe 
forms are commonly found in nocardial infections, and m 1912 
Thiroux and Pelletier reported that this red mycetoma was fairly 
common in Senegal, where one of them had met with eight cases, 
from one of which, a suppurating tumour of the right side of the 
chest, they obtained cultures on Sabouraud s medium which very 
much resembled those of N. madum, but differed therefrom m the 

following particulars; — . 

1. The growths were ruby red from their commencement. 

2. It had only so far been grown on Sabouraud s gelatine. 

3. The growths did not penetrate into the gelatine, and were 

easily detached. , xi ^ ^ 

4. In the parasitic stage the organism takes the form of a micro- 
coccus in zooglea. . . _ , ,. 

They renamed the parasite Oospora pelletieri. In the discussion 
on this paper, Laveran agreed with Thiroux and Pelletier s finding, 
and Pinoy pointed out that the only real differences between it and 
N madum were the greater intensity of the red colour and the 
more abundant sporulation. Further, he sugg--sted that the correct 
name was Nocardia pelletieri. Under 

pelletieri would become simply a synonym of N. indica. of which 
the full list of synonyms has been given on p. io5«. 
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Clegg and Hobdy (1916) described N. indica in a native woman 
in Hawaii. 

Nocardia indica, with yellow or red grains, possesses Gram- 
positive but not acid-fast hyphse, without clubs. It forms restricted 
growths under aerobic surroundings at 22"" C. and 37° C., but will 
not grow under strict anaerobic conditions. The cultures are without 
any distinct odour. It is usually said not to liquefy gelatine or 
blood serum, but Koch and Stutzer say that it has a peptonizing 
effect after a long time. Milk is not coagulated, but after some 
time is cleared. Pinkish colonies are produced on the agars and 
on potato. It is non-pathogenic for animals, as far as is known. 

5. N. garteni.—G^irXt^ii, 1895, met with an organism in cases of 
actinomycosis in man which he called Cladothrix liqnefaciens No. 2, 
in order to distinguish it from Hesse’s fungus, which he called 
Cladothrix liqnefaciens No. i; but Brumpt, in 1910, altered Garten’s 
name to Discomyces garteni, which now becomes Nocardia garteni 
Brumpt (1910). 

This fungus was grown in 1895 by Garten from the lesions of a 
case of necrosis of vertebi\T and ribs, which was associated with 
abscesses, sinus formation, and empyema. The grains were com- 
posed of a tangle of ramified filaments without club formation. 

The organism was an aerol)c which grew t'asily on various media, 
producing on gelatine fine greyish-white points. On the fourth day 
liquefaction commenced, and was com])lctcd by the eighth day. 
Nothing is said as to the liquid being coloured in any way, and, 
therefore, we must assume that it was not tinted. On agar, gly- 
cerine, and glucose agar it formed a greyish-white growth, which 
became somewhat wrinkled on the surface after two to three days. 
The wrinkles are deep folds on glycerine agar. 

On serum it forms a white layer, which becomes wrinkled and 
folded after forty-eight hours, when commencing liquefaction may 
be noted. On tlie third day the liquid has increased considerably, 
and by the sixth day the whole serum is reduced to a perfectly clear 
fluid. On potato it gives rise to white colonies, while the surround- 
ing medium becomes greenish in colour. It apparently was not 
grown on eggs, milk, broth, or peptone solutions. It is pathogenic 
for rabbits and guinea-pigs. 

6 . N. krausei. — In 1899, Krause found an organism in an abscess 
of the lower jaw, in a man in Germany, which was characterized 
by having long and short rods and club-like forms resembling the 
diphtheria bacillus. 

It did not grow at 22° C. nor on gelatine or potato, but it was 
a facultative anaerobe which formed slightly yellowish colonies on 
glycerine agar and was not pathogenic for rabbits, guinea-pigs, or mice. 

This fungus was named Streptothrix krausei by Chester, 1901. 
which name has become changed to krausei (Chester, 1901), 

Allied to, or identical with, this species are the fungi causing 
the conditions described by Mosetig-Moorhof, Dor, and Poncet, and 
often called ‘ pseudo-actinomycosis ’ or the mycoses with yellow 
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grains, which are larger than those of the ordinary actinomycosis, 
while they are less numerous in the pus. Microscopically they show 
a tangle of filaments longer and larger than those of ordinary 
nocardias, between which lie micrococcal-like debris. They never 
show clubs at the periphery, and do not grow on solid media like 
gelatine. They grow quickly in broth, forming a skin on the 
surface. Cultures on serum give clavate forms like the diphtheria 
bacilli. 

The fungus causing the above conditions was named No< ardia 
ponceii by Verdun in IQ13, and may be a synonym for N. krausei 
(Chester, 1901) for the following reasons: — 

A. The pseudomycetomatous condition of Poncet does not 

differ from the definition of actinomycosis given at the 
commencement of this paper. 

B. N. ponceti only differs from N . krausei in the following 

details: — 

1. Broth is rendered turbid and has a had odour, but 

Foulerton has pointed Oat that this turbidity, 
together with the odour which was described as 
being associated with these growths, may have been 
due to tlie pus not being collected aseptically, and 
therefore the turbidity and odour may have been 
due to contamination, as in addition to these char- 
acters N. ponceti forms a typical puff-ball, just like 
N . krausei, in which the turbidity and odour are 
absent. 

2. According to Verdun, it does not grow on agar. It is 

not known whether N. krausei grows on plain agar, but 
it can grow on glycerine agar and (according to some 
authors) on glucose agar. 

C. They resemble each other in: — 

1. Morphology. 

2. They both possess clavate forms like the diphtheria 

bacilli. 

3. Both grow on serum. 

4. Neitlier grows on gelatine. 

Other reactions are given for one, but not for both organisms, 
and are, therefore, useless for purposes of comparison. 

We therefore, at present, see no reason why N. ponceti should be 
considered as a species distinct f om the older N. krausei, of which its 
name becomes a synonym. 

7. Nocardia somaliensis. — Bouffard observed two cases of a myce- 
toma at Jibouti, in French Somaliland, which appears to be peculiar 
both in its histological appearances and in its cultural characters. 
Brumpt, in 1906, classified this fungus in his new genus, Indiella 
Brumpt, 1906, calling it I. somaliensis and pointing out that, 
judging by the descriptions given by older writers in India of the 
macroscopical appearances of some of the ochroid varieties of 
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mycetoma, this variety might be found to be more common than 
Vincent's N. madum ( =iV. indica of Kanthack). 

Balfour (1911) reported the presence of the same causal agent 
in a case of mycetoma of the hand in the Anglo-Egyptian Sudan, 
and gave a photomicrographic illustration of the growth; and in 
the same year Fulleborn described and gave excellent illustra- 
tions of a case from South-West Africa, which occurred in a 
Herero aged twenty years. A study of Fulleborn 's preparation 
induced Brumpt to alter his generic diagnosis for the fungus which, 
in 1913, he classified as Discomyces somaliensis, which, converted 
into our present nomenclature, becomes Nocardia somaliensis 
(Brumpt, 1906), but he is inclined to think that it ought to form a 
separate genus or subgenus, for which he proposes the name 
Indiellopsis Brumpt, 1913, because it secretes around itself in the 
grain a hard sheath, insoluble in potash and in eau de Javelle, 
which no other nocardia is known to do. 

In 1916 we met with this fungus in a mycetoma of the foot in 
Khartoum. 

The grains are hard, i millimetre in diameter, and being of a 
reddish-yellow colour, resemble the eggs of fish. The fungus will 
not grow on hay or on dura broth, but it quickly produces a white, 
lichen-like, folded growth, becoming yellow on the fifth to sixth day 
on potato, but this growtli never becomes red like that of N. indica. 

Genus Cohnistreptothrix. — In 1891, Wolff and Israel published a 
beautifully illustrated account of a streptothrix, which they had 
isolated from two cases of actinomycosis in man — viz., from the 
lungs and from a retromaxillary growth. This organism was con- 
sidered to differ from N. bovis in that it grew best anaerobically, that 
branching was absent, and that its injections into animals were 
regularly positive in their result. These three characteristics 
induced Kruse, in 1896, to make a new species for it under the name 
Streptothrix israeli. In 1911, for reasons presently to be set forth, 
Pinoy founded a new genus, Cohnistreptothrix , with Israel's organism 
as the type species, and therefore its name becomes Cohnistrepto- 
thrix israeli (Kruse, 1896). 

It appears to us to be of importance that the reader should clearly under- 
stand the nature of the organisms included in this genus, and, therefore, we 
digress from our main subject in order to give a brief history. 

Lachrymal concretions have been known since Cesoin described them in 
1670. In 1848, Gruby, examining one of these objects, found it to be composed 
of a fungus, which he believed to be the same as that causing favus; but Cohn, 
in 1875, examining another such concretion, also saw a fungus, for which he 
created a new genus, Streptothrix, calling the fungus in question Streptothrix 
foersteri Cohn, 1875, which may be the same organism as 5 . aureus Du Bois de 
Saint S6y6rin, 1895, and must be closely related to Nocardia tenuis Castellani, 

1 91 1, which belongs to the same genus, and as its colonies on agar are ‘ cere- 
briform,' it may possibly be the same or related to Streptothrix radiatus and 
S. cerebriformis, both described from cases of keratitis by Namyslowski in 
1909, as well as the more aerobic hyphal form of Silberschmidt’s organism. 

Unfortunately, a mistake was made, for Cohn was not aware that the same 
streptothrix had already been given by Corda, in 1839, for another and quite 
different fungus, which is known as Streptothrix fusca Corda, 1839, and which 
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js to be found in all works of any importance on systemic mycology. There- 
fore/ as streptothnx is not available, after many changes, the generic name 
has become Cohnistreptothrix Pinoy, 1911, and to this genus Israel's human 
organism belongs. It differs from Bollinger's type of fungus in growing best 
anaerobically, in being difficult to cultivate, and in not producing arthro- 
spores. Other allied organisms are Cohnistveptothrix thibiergei (Ravaut and 
Pinoy, 1909), also found in actinomycosis in man; Streptothrix spitzi Lignidres, 
1903, found in cattle, and probably identical with C. israeli, as may be Doyen's 
streptothrix; while Nocardia carougeaui Gougerot, 1909, in juxta-articular 
nodules, and Streptothrix cuniculi Schmorl, 1891, probably also belong to this 
genus, as well as the streptothrix recently discovered in a liver abcess in 
America by Bloomfield and Bayne- Jones (1915), as we have consulted the 
authors upon this point, with which they are in agreement. Perhaps the 
bacillus described by Sawtschenko, in 1896, as the causal agent of a pseudo- 
mycetomatous condition may also belong to this genus, and it is also possible 
that the Coccobacillus pseudo-actinomycosis polymorphus Beres-^neff, 189S, may 
be the same as the chromogenic anaerobic streptothrix obtained from human 
pus by Neschezadimenko in 1908, and carefully described. 

8. C ohnistreptothrix israeli, — This organism appears to be of 
increasing importance in human pathology, for, according to Pinoy, 
it appears to affect man more often thdiXi Nocardia hovis. It was 
first discovered in man, as mentioned above, by Wolff and Israel 
in Germany, and has since been found in thirteen cases in the 
United States by Wright. It has also been found in cattle by 
Lignieres and Spitz (1904) in the Argentine, and by Pinoy (1913) in 
France. 

It is composed of short and long rods, some of which show club- 
like swellings, while in old cultures spores which resemble cocci in 
appearance can be seen. It grows but poorly in the presence of air, 
but much better anaerobically at 37° C. on agar, on which it forms 
dew-like drops, which later become yellowish and generally remain 
discrete. In broth it forms a deposit of small scaly particles. It 
does not grow on gelatine at the room temperature of Europe, but 
egg cultures show typical branched filaments with club-like ends, 
which later break up into bacillary and coccal forms, but true 
arthrospores [i.e.^ resistant spores) are not produced. It forms 
granulation tumours when inoculated intraperitoneally into rabbits 
and guinea-pigs, after an interval of four to seven weeks. In these 
tumours typical actinomycotic grains can be found, containing 
branched filaments with clavate ends. 

9. Cohnistveptothrix thibiergei. — This fungus was discovered in 
1909 by Ravaut and Pinoy in a case of actinomycosis which 
produced generalized subcutaneous and intramuscular nodules in 
a man in France. 

The nodules opened and discharged blood-tinged pus, in which 
the fungus was seen sometimes in isolated bacillary form and some- 
times as very small white grains, which in the tissues might measure 
some 80 microns and be composed of a radiating mycelium with or 
without fine club forms. It grows well aerobically and anaerobi- 
cally, but the former produces more bacillary and the latter more 
filamentous forms. The optimum temperature is about 37'' to 
38° C. It does not appear to be pathogenic for laboratory animajs. 
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Climatology.— The geographical distribution of this variety of 
mycetoma is as follows: — 

1 . Black actinomycosis : Only one variety of this is known 
viz. : — 

Babes and Mironescus black actinomycosis, found in 
Roumania and caused by an unknown fungus. 

II. Yellow actinomycosis : This form is well known in North 

America, and Sutton, of Kansas City, in 1913, in addition 
to drawing attention to four previously described cases, 
added two from his own practice. The usual microscopical 
appearances shown in yellow actinomycosis arc depicted 
in Fig. 848, but the only method, known to us, of distin- 
guishing the nine forms of actinomycosis classifiable 
under this heading is by cultivation, as will be indicated 
below. Tile nine varieties known to us are: — 

1. Israel's yellow actinomycosis, found in Europe and 

America (North and South), and caused by Cohni- 
strcplothrix israeli (Kruse, 1896). 

2. Ravant and Pinoy's yclhrw actinomycosis, found in 

France, and caused by Cohnisireptothrix thibiergei 
Ravaut and Pinoy, 1909. 

3. Aclami's yellow aclinomycosis, found in Europe, but 

the distribution of this form rt'xpiires further investi- 
gation. It is caus(‘d by Nocardia hovis (Harz, 1877). 

4. Bouffard’s yclloio aclinomycosis, found at Djibouti, in 

French Somaliland, in the Anglo-Egyptian Sudan, 
and in South-West Africa, and caused by Nocardia 
somaliensis (Brum pit, ipob). 

5. Krause's yellow actinomycosis, found in Europe, and 

caused by Nocardia krausei (Chester, 1901). 

6. Garten's yellow actinomycosis, found in Europe, and 

caused by Nocardia garieni (Cl 1 ester, 1901). 

7. Jlesse’s yellow actinomycosis, found in Europe, and 

caused by Nocardia liquefaciens (Hesse, 1892). 

8. Chalmers and Christopher son's yellow actinomycosis, 

found in the Anglo-Egyptian Sudan, where it appears 
to be not uncommon, and caused by Nocardia con- 
voluta Chalmers and Christopherson, 1916. 

9. Eppinger's yellow actinomycosis, found in Europe, 

America (North and South), Asia, and Africa, and 
caused by Nocardia aster oides Eppinger, 1890. 

III. Red [sometimes yelloxvish) actinomycosis : Only one form 

of which is known — ■ 

Carter's red [sometimes yellowish) actinomycosis, found in, 
India, Hawaii, Argentina, Cuba, Senegal, Algeria 
Cyprus, and Somaliland, and caused by Nocardia 
indica (Kanthack, 1893), synonym, Streptothrix madurce 
(Vincent, 1894). 
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This organism has red or yellowish grains, which produce pinkish 
colonies on the agars (Plate VI., Fig. 8) and on potato. Kan- 
thack's name was overlooked until recently. 

etiology. — The fungi causing actinomycosis belong to the genera 
Cohnistreptothrix and Nocardia, and are best arranged by consider- 
ing the different varieties of the disease, classified, like the Maduro- 
mycoses, according to the colour of the grain and the name of the 
discoverer. 

They may be divided into: — 

I. The black actinomycosis, with black grains. 

II. ThexMte or yellow actinomycoses, with white or yellow grains. 
HI. The red yellowish) actinomycosis, with red (some- 

times yellowish) grains. 

I. THE BLACK ACTINOMYCOSIS. 

Only one variety, found in Europe, is known — viz., Bahts and 
Mironescu s black actinomycosis, of which the fungus has never been 
classified. 

IT THE WHITE OR YELLOW ACTINOMYCOSES. 

These may be differentiated by the characters of causal organisms 
into: — 

A. Fungus difficult of cultivation, grows best anaerobically, 

arthrospores absent — Genus i, Cohnistreptothrix. 

{a) Yellow grains: — 

1. Israel's yellow actinomycosis , caused by C. israeli 

Kruse, 1896. 

(b) Very small white grains: — 

2. Havant and Pinoy' s yellow actinomycosis, caused by 

C. thibiergei. 

B. Fungus grows readily aerobically and produces arthrospores 

— Genus 2, Nocardia. 

[a) Clubs present : — 

3. A eland's yellow actinomycosis, caused by N. bovis 

Harz, 1817. 

(b) Clubs absent. 

{e) Hard sheath around grains: — 

4. Bouffard's yellow actinomycosis, caused by N, 

somaliensis Brumpt, 1906. 

(/) Hard sheath absent. 

[m) No growth on gelatine. 

5. Krause s yellow actinomycosis, caused by N, 

krausei Chester, 1901. 

(n) Growth on gelatine. 

(0) Blood serum not liquefied : — 

6. Eppinger's yellow actinomycosis, caused by iV. 

aster oides Eppinger, 1890. 
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{p) Blood serum liquefied. 

{w) Pathogenic for laboratory animals:— 

7. Garten's yellow actinomycosis, caused by N. garteni 

Brumpt, 1906. 

{%) Non-pathogenic for laboratory animals. 

[y) Gelatine liquefied: — 

8. Hesse s yellow actinomycosis, caused by N. lique- 

faciens Hesse, 1892. 

(-2:) Gelatine not liquefied: — 

9. Chalmers and Christophersons yellow actinomycosis, 

caused by Nocardia convoluta Chalmers and 

Christ opherson, 1916. 

III. THE RED (SOMETIMES YELLOWISH) ACTINO- 
MYCOSIS. 

There is only one known variety — viz., Carter's red (sometimes 
yellowish) actinomycosis, of which the causal organism is Nocardia 
indica (Kanthack, 1893). 

The reasons for believing that these are the causal organisms of 
the disease are the same as for maduromycosis, and need not be 
repeated. 

Pathology. — This is much the same as in maduromycosis. 

Morbid Anatomy. — A young growth removed in toto can be divided 
into two portions, viz. : — 

i; A dense matrix. 

2. A number of irregularly shaped darker bodies, ‘ the fungal 
masses,’ embedded in the matrix. 

The Matrix. — -When the matrix is studied by the aid of higher 
magnifications, it will be seen to be composed of white fibrous 
connective tissue containing a large number of connective-tissue 
corpuscles, and here and there a bloodvessel or a small group of 
bloodvessels which may or may not be associated with a collection 
of cells, and, in addition, lymph spaces and small collections of fat 
cells mostly associated with the bloodvessels. When these vessels 
are studied more carefully, some will be observed to be more or less 
normal, while others show signs of periarteritis or endarteritis of 
varying degree, which produce diminution and even occlusion of the 
lumen. 

Connected with many of these vessels, and often more or less 
surrounding them, lie dense masses of cells, which when carefully 
studied appear to be all mononuclear. They are not all of the same 
category, however, for some, judging by their nuclei, appear to be 
derived from the endothelial cells of the vessels. Another type 
of cells is characterized by a darker staining nucleus, and appearing 
when cut in certain directions as though it possessed very little 
cytoplasm, but, when seen more correctly, has a relatively fair 
quantity of cytoplasm in proportion to the size of the riucleus. 
The nucleus being placed excentrically, and the cytoplasm being 
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non-granular and not eosinophile, this cell a^ees with Unna's 
description of a healthy plasma cell as seen in actinomycosis. 

A third type of cell shows a large vesicular nucleus situate 
excentrically in a relatively large quantity of cytoplasm, which is 
either eosinophile or contains eosinophile granules, and corresponds 
exactly with Unna's description of degenerating plasma cells as seen 
in actinomycosis. 

Fungal Masses. — ^The darker irregular bodies seen embedded in 
the matrix, if examined by the aid of higher magnification, can be 
seen to consist of fibrous tissue and cells surrounding a portion 
of the fungus, and have, therefore, for purposes of distinction, been 
termed * fungal masses.’ 



Fig. 848. — Actinomycosis. 


When a typical fungal mass is examined by means of a moder- 
ately high magnification, it can be seen to be composed of several 
distinct areas, which, working from the fibrous tissue matrix 
towards the fungus, lie in the following order : — 

1. The Fibrous Sheath. — This is continuous with the fibrous 
tissue forming the matrix of the whole growth, as already described. 

2. The Fibrocellular Layers. — Directly under the dense fibrous 
tissue there lies a thicker or thinner area composed of loose fibrous 
tissue, containing in its meshes cells and thin-walled vessels; this 
area may be termed the fibrocellular layers. 

3. The Cellular Sheath. — Internal to the fibrocellular layers comes 
a mass of cells which may be called the cellular sheath. 
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4. The Grain . — Situate in the cellular sheath there lies a more 
or less distinctly or indistinctly striated body, of varying shape, 
and often with irregular edges, which is the grain, and is composed 
of the fungus and its surrounding matrix. 

Fibrous Sheath.— When the fibrous connective tissue forming 
the matrix is examined, in the vicinity of a fungal mass, it will be 
observed to show collections of cells at intervals. 

Fibrocellular Layers.— These layers are composed of loose 
fibrous tissue, holding in its meshes plasma cells, healthy and de- 
generating polymorphonuclear cells, giant cells, and bloodvessels. 

With regard to the giant cells, they may be seen to contain fungal 
masses, or these may be observed escaping therefrom, or the giant 
cells may be remarked to be separated from the fungal mass by a 
little distance and to be damaged, while polymorphonuclear ceils 
lie near the fungus, and the adjacent layers of the fibrocellular tissue 
may be observed to be arranging themselves circularly so as to 
circumscribe the new fungal growth, and so to commence the forma- 
tion of a new fungal mass. 

When two fungal masses lie in close approximation to one another 
without the intervention of dense fibrous tissue, it will be observed 
that small areas of the fibrocellular layers adjoining the two masses 
show signs of granular degeneration. 

Another interesting feature, but by no means confined to the 
fungal masses, is the presence of cells containing one or several, 
small or large, rounded cosinopliile globules. These were called 
fuchsin or Russell bodies by Kanthack, and botryomycotic bodies 
by Archibald (1911), who published some excellent illustrations 
thereof in Plates XV. and XVI. of the medical volume of the Fourth 
Report of the Khartoum Laboratories. They are a product of 
the fungus, and are frequently seen in nocardial infections lying 
in cells at a distance from the fungus, in which case they are a great 
aid in diagnosis, as indicating the probable presence of a fungus 
somewhere. They arc also seen in masses cut longitudinally and 
lying in lymph spaces. They have been recorded by all workers 
at actinomycosis and maduromycosis since the days of Kanthack, 
and appear to us to be probably the same material as that forming 
the club-like dilatation of the extremities of the liyph<T in N. hovis 
and other nocardias, and that they may possibly be a protective 
substance excreted by the fungus which only under certain con- 
ditions consolidates into the eosinophile form and into the clubs 
of certain species of nocardia. 

The Cellular Sheath.- — All our observations tend to support 
BrumpLs view that primarily the fungus is enclosed in a cell which 
in the younger fungal areas near the older area is always multi - 
nuclear. 

Further, in the present specimen, there can be no doubt that the 
fungus is not destroyed by the giant cell, but, on the contrary, grows 
and escapes therefrom and starts life as a little fungal mass of its 
own, in which instance the polymorphonuclear leucocytes now 
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appear upon the scene, and the fibrocellular coat begins to circum- 
scribe the cells and the fungus, while the damaged remains of the 
giant cell are seen retiring towards the periphery. 

Later, the mononuclear cells mentioned above appear, and these 
various cells, together with detritus from the destruction of similar 
cells situate in a granular network, form the cellular sheath of the 
grain, as shown in our specimens. This description, although 
vpying in detail, does not differ materially from a composite 
picture such as can be derived by a study of the writings of Carter, 
Acland, Kanthack, Boyce and Surveyor, Unna, Schlegel, Foulerton, 
Brumpt, and other authors who have studied the reaction of the 
body against different species of the genus Nocardia. 

In more advanced cases the morbid anatomy is like that described 
in maduromycosis, with, of course, the difference in the grain. 

Symptomatology, Diagnosis. — These are the same as for maduro- 
mycosis. 

Treatment. — Vaccines have not given good results in our hands. 
The correct treatment is removal whenever possible, but, failing this, 
iodide of potash in large doses may be administered. 

Prophylaxis. — This is the same as for maduromycosis. 

THE PARAMYCETOMAS. 

Definition. — paramycetoma is a disease which includes all 
growths and granulations producing enlargement, deformity, or 
destruction in any part of the tissues of man which are caused by 
fungi of any nature whatsoever, but in which grains are either absent 
or so few and so small as to escape observation without prolonged 
search. 

History. — In 1917, Chalmers and Archibald first proposed this 
differentiation, and followed it up in 1918 by a further communi- 
cation. 

Clinical Remarks. — The Paramycetomas, as already stated, 
cannot be recognized without microscopical assistance, because 
they present a varied group of clinical forms comprising chronic 
ulcers which may seem to be non-malignant, doubtfully malignant, 
or malignant, of growths which appear to be innocent or which are 
capable of diagnosis as doubtful carcinomata, epitheliomata, or 
sarcomata, or with reference to which no doubt is entertained in 
the mind of the surgeon attending them. 

If removed in the more innocent forms or in the early stages 
they probably do not recur, but in the later stages of the malignant 
forms they do recur, but probably then as true malignant 
growths. 

As a diagnosis cannot be made clinically, it behoves us to inquire 
upon what it is to be based. 

Diagnosis. — The recognition of a paramycetoma is based entirely 
upon microscopical examination, and consists in finding one or 
more of the following features: — 
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(a) Peculiar eosinophile bodies. 

(d) Fungal filaments. 

(e) Minute grains. 

(d) Cultures and animal experiments. 

(e) Minor points. 

( а ) Peculiar Eosinophile Bodies.- -These are single bodies 
enclosed in cells, or several large and apparently free bodies. 

In our opinion these bodies are composed of a chemical substance, 
apparently formed in human tissues by several different kinds of 
fungi, but rnore particularly by the nocardias. The substance may 
be noted lying in a lymphatic, or in the form of these bodies in cells 
at a considerable distance from the site of the fungus. Hence 
their importance in dieignosis and the necessity on discovering them 
for further search in the tissues, or the patient, for a fungus. 

(б) Fungus Filaments.-— The most common filament to be 
found in a paiamycetoma is the fiocuydiul hyphu. These are easy 
of recognition to the trained eye, but are apt to be mistaken by 
persons not acquainted with mycology and to be recognized as 
baedh, while their spores, if present, may be considered to be 
micrococci. 


paramycetoma- 


Other forms of fungi, however, may cause 
e.g., fungi of the type of a leptothrix. 

It will thus be seen that just as we divided the mycetomas into 
the actinomycoses and the maduromycoses, so can the paramyce- 
tomas be divided by the nature of the hyphal filaments into the 
paractinoniycoses and paramaduromycoses. 

(c) Minute (Irains.— These grains are very minute in size, and 
very few in number, and, in our experience, are most difficult to 
hnd, and, indeed, are perhaps often absent when the case may be 
due entirely to hyphal filaments not collected into grains. 

(d) Cultures and Animal Experiments.— Wc have been un- 
ortunate with our attempts at cultivation and in our animal inocu- 

iations, but the success attained by the Leytons indicates that these 
® events with certain species of fungi. Our climatic 

^ remembered in connection with our failures. 

(e) Minor Points.— Among minor points which arc worth notine 
are the presence of many plasma cells either in good condition or 
degenerated. 

The condition of the vessels, which often show endarteritis or 
periarteritis, just as in mycetoma, is also worthy of note. 

Another minor point is a peculiar glassy or vitreous macroscopical 
appearance, which is due to a degeneration of the tissues of a glassy 
nature, and must not be mistaken for hyaline degeneration 

For certain diagnosis the fungal filament should be found, but 
failing this, the eosinophile body is of the utmost importance! 
Ihese bodies, if apciated with many plasma cells, degenerated 
plasma cells, and changes in the bloodvessels and glassy degenera- 
ion, are almost pathognomonic of the presence somewhere of a 
parasitic fungus. 
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The differentiation from mycetoma is not difficult, as the grain 
is readily found in this growth, which it certainly is not in a para- 
mycetoma. 

The differentiation from malignant growth is at the same time 
very easy and very difficult. Very easy because at once the sped- 
rnen appears somewhat different from tlie typical malignant growth 
simulated, and very difficult because it may require prolonged 
search before definite evidence of the presence of a fungus is found. 

Prognosis. — -This depends upon the site and age of the tumour 
and its association with malignant characters 01 not. If the last 
feature is absent, and the growth is small and can be completely 
removed, the prognosis is good, otherwise it is bad. If glandular 
excision is performed, the presence or absence of infection is of the 
utmost prognostic value. 

Treatment. — The only known satisfactory treatment is the early 
and complete removal of the growth associated with glandular 
excision. 

THE PSEUDOMYCLTOMAS. 

Definition. — A pseiidomycetoma resembles a mycetoma clinically 
in the presence of swelling, ulceration, and discharge, but differs 
therefrom in the absence of grains, and from a paramycetoma in 
the absence of eosinophile bodies. 



Fig. 849. — Pseudomycj^toma of Frambcesial Origin. 

History. — The name p^eudomycetoma was first used by Castellani 
to indicate a peculiar tertiary condition of yaws, which he described 
as clinically somewhat resembling mycetoma. The term was adopted 
by us in the second edition of this work. 

Remarks. — This condition is now well-known to occur in the 
tertiary stage of framboesia tropica (yaws), and is not unfrequently 
seen in Ceylon. Breinl, in New Guinea, has described a similar 
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condition, known to the natives by the n^es ‘ro^,’ ‘ buno.’ or 
' aiima/ which he considers is a separate chnical entity from yaws. 
He says that the foot closely resembles Madura foot, without the 

presence of the typical grains in the pus. • i • t-u 

A similar condition is known to occur in sporotricnosis. ine 
foot in this case is swollen and painful, and shows subcutaneous and 
deep gumma-like swellings. Fistulae discharging pus are also present. 

A similar condition has been described by Austregesilo as being 
due to an angiokeratoma in the foot of a negro in Brazil, The 
foot was much enlarged, with several nodules, from which white 
material exuded. Microscopical sections enabled a correct diagnosis 
to be made. The whole condition, however, resembled a mycetoma, 
but neither grains nor fungal hyphas could be found. His paper 
contains an excellent illustration. 


ACTINOMYCOSIS OF THE BODY. 

Remarks. — The fungi producing Madura foot may occasionally invade other 
parts of the body instead of, or in addition to, the foot. They may attack the 
skin and deeper tissues of the hands, trunk, mammae in females, and also the 
deep organs, lungs, heart, liver, brain. For such conditions the term ‘ myce- 
tomiasis ’ may be used, and when the fungi found are Nocar dia bovis and 
Nocar dia Israeli, the term ‘ actinomycosis ' is generally employed. These two 
fungi, in fact, seldom attack the foot. Some authorities used the term ‘ pseudo- 
actinomycosis ' to indicate the condition induced by Nocar dia ponceti Verdun, 
1912, N. liquejaciens Hesse, 1892, N . garieni Brumpt, 1910. 

Symptomatology. — The lesions resemble, to a certain extent, those found 
in the foot. The condition generally begins with indolent nodules in the 
skin or subcutaneous tissues; the skin over them becomes tense and glossy, 
and finally the nodules break down, with formation of sinuses, from which a 
purulent liquid exudes, containing the characteristic granules, of various 
sizes and colour, as described in Madura foot. Occasionally the ulcerated 
lesions become fungoid and large, and papillomatous purplish tumours may 
develop. The location of the lesions varies. The type caused by Nocardia 
israeli Kruse and N. bovis Herz, or true actinomycosis, as found also fairly 
frequently in temperate zones, is in most vases situated on the lower region 
of the face and neck, especially in the tissues under the jaw. In cattle it 
produces the well-known condition known as wooden tongue. It is charac- 
terized by the presence of sulphur-yellow grains in the pus. Of actinomycosis, 
besides the cervico-facial situation, which is the commonest, the following 
types have been described : The parietal, attacking the walls of the thorax and 
abdomen; the broncho-pulmonary; the abdominal (liver, etc.); the cerebral 
(very rare), in addition to the rare type situated on the foot (actinomycotic 
mycetoma). 

Prognosis. — This depends greatly on the species of fungus causing the 
malady. The types due to Nocardia bovis, Nocardia israeli, or true actino- 
mycosis, answer well to a potassium iodide treatment. 

Diagnosis. — This is based on the presence of indolent or nodular masses, 
breaking down with formation of pus, in which grains containing the fungi 
are found. 

Treatment. — Potassium iodide in full doses (gr. xx.) three or four times a day 
should always be administered. 

Nodular Actinomycosis of Pinoy and Ravaut. 

Historical and Geographical. — This condition and its fungus were studied 
by Pinoy andjRavaut in France. 

AStiology. — ^The condition is caused by a Cohnistrepiothrix, Only one case is 
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known, described by Pinoy and Ravaut, and due to C. thibiergei Pinoy and 
Ravaut, 1909 (see p. 1066). 

Symptomatology. — In the only case on record there were numerous sub- 
cutaneous and intramuscular gummatous nodules, which had developed very 
slowly; they slowly softened, some ulcerating. In the pus the fungus was 
found. 

Treatment. — Potassium iodide is to be recommended. 

Other nodular actinomycoses of nocardial origin, and character- 
ized by the presence of abscesses, or gummata in which fungi of 
the genus Nocardia are found, have been described by Riviere and 
others, and very ably in England by Foulerton. 

Nocardial Abscesses. 

Species of the genera Nocardia and Cohnistreptoihrix may, at 
times, give rise to abscesses in various parts of the body. One such 
case was described by Broughton Alcock as being due to Nocardia 
asteroides Eppinger. 


TRENCH FOOT. 

Remarks. — Trench foot is not a tropical disease, but as it has been con- 
sidered to be of hyphomycctic origin and aetiologically related to Madura foot 
by Raymond and other recent observers, we propose giving a short account 
of the condition. 

etiology. — There can be little doubt that damp cold plays a very important 
role in the aetiology of the disease, but there is much difference of opinion on 
the point whether a low temperature is the real aetiological factor or merely a 
predisposing cause. Many authorities hold that trench foot is a separate 
entity from ordinary congelation conditions. Raymond and Parisot believe 
that the true aetiological agents of the malady are fungi, principally Scopu- 
lariopsis koningii Oudemans and Sterigmatocystis versicolor. 

According to Castellani’s researches, cocci, bacilli, and various fungi of the 
genera Scopulariopsis Baisnier, Aspergillus Micheli, Sterigmatocystis Cramer, 
Penicillium Link, Monilia Gmelin, are often found, but they are probably 
secondary invaders. Castellani has noted in several cases a spirochacte. 
Certain authorities consider the affection to be a form of avitaminosis. 

Among the predisposing causes one may mention the race — black troops 
in the trenches being much more prone to develop the condition than white 
troops — fatigue and mental depression, and the wearing of putties. 

Symptomatology. — In a well-marked case the whole foot is oedematous, 
swollen, often of a dark red colour, and painful on pressure. Bullae may 
develop, and after a variable period of time a gangrenous process may set in; 
but this is far from being a constant feature, and can be frequently avoided 
if a proper treatment is carried out. There are, however, fulminating gan- 
grenous cases. A feature of the condition which has apparently escaped the 
attention of most observers is tVe presence in many cases of a low inter- 
mittent fever, even when there is no sign whatever of gangrene. 

Prognosis. — This should be always guarded, as even if symptoms of 
gangrene do not occur the affection may run a very long course. 

Treatment. — Raymond and Parisot recommend a boracic camphorated 
lotion, and in mild cases camphorated oil. Castellani has used as routine 
treatment, with good results, the following: — Calcium lactate in 5 or 10 gr. 
doses is given three times a day, and the affected parts are painted once or 
twice daily with an ichthyol lotion (ichthyol i dr., aq. ad i oz.), and very lightly 
wrapped in cotton- wool. It is advisable to keep the affected foot slightly 
raised by means of cushions. In severe gangrenous cases a surgical treatment 
is necessary. 
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Propliylaxis.-Trenches should be kept clean dry, and sanitary as far as 
co”itiOTS permit. Officers and soldiers should receive instruction to keep 
thrfersc?upulously clean, and wear rubber boots in wet weather when 
possible. In our opinion, putties should never be worn. 
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CHAPTER XCIV 


DERMATITIS VENENATA 

Definition — Remarks — Historical — Climatology — ^t^ology — Symptoma- 
tology — Diagnosis — Treatment — Prophylaxis — Varieties — Rhus 
group — Euphorbia group — Urtica group — Tectona group — Rue group 
— Buffalo bean group — Little-known group — Doubtiul group — Refer- 
ences. 

Definition. — -The term ‘dermatitis venenata' includes a number 
of inflammatory skin lesions caused the irritative action of 
poisonous principles contained in certain plants. 

Remarks. — By tlic above definition it will be observed that the 
term ‘ dermatitis venenata ’ is here used in the restricted sense of 
being only caused by plants, leaving the dermatitis caused by 
animals to be treated in the chapter dealing with the Dermato- 
zoiases (p. 2200). Neither does the definition include dermatitis 
medicamentosa y which is due to drugs administered internally or 
externally, nor docs it include dermatitis factiiia, which is caused 
artificially — e.g., beggars rubbing in Ranunculus scleratus Linnaeus 
to produce sores for the purpose of inducing pity and the money 
usually associated therewith or recruits or soldiers utilizing various 
plants for purposes of malingering. 

Historical. — From very ancient times it has been known that 
certain plants have stinging properties — e.g., many species of the 
genus Urtica, of which U. urens Linmeus and U. divica Linnaeus 
are well known in Europe — but the effects of which are slight in 
comparison with the results produced by the species found in the 
East Indies — e.g., U. urentissima Comm, U. cr enulata )Roxburgh, 
U. stimulans Linnaeus, and U. ferox Forster. One of the earliest 
remarks on the subject is to be found in Kaempfer's ' Amoenitatum 
exoticarum,' which was published in 1712, and in which he refers 
to the action of lacquer varnish on the skin. 

From that time onwards s>..attered references may be found in 
books on travel, on botany, materia medica, poisons, as well as in 
textbooks on skin diseases. Thus in 1862 Van Hasselt made some 
references to the subject, as did Bazin in the same year, while 
Piffard in 1881 made many references to plants supposed to be causal 
agents. 

In 1887 White gathered the whole subject together in his work 
on ‘ Dermatitis Venenata,' and following this there was a leading 
article in the Lancet on the dermatitis produced hy Primula olfconic(^ 
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t Hance, 1880. In 1898 Blanchard made an excellent contribution 
with regard to Armdo donax, and was followed by Havard in 1^9, 
Reynault in 1902, who detailed facts with regard to the disease as 
seen in Indo-China, and by Wellman in 1907, who considered the 
stinging plants of Angola. Then came publications by Balch (1906), 
Sabouraud (1908), and the Imperial Institute (1909), the last-named 
discussing satin-wood. After this there are tlie papers by Kamgies- 
ser in 1911, Fordyce 1912, Santa Maria 1913, Wiitfieki 1914, and 
Letcher’s book with the account of the buffalo bean of Rhodesia. 
In 1914 Hornsey gave a good account of the ‘ ningiis poisoning ’ as 
seen in British North Borneo. 

In 1916 Vadala again referred to Arundo donax, and in 1917 
Chalmers and Pekkola gave an account of a Sudanese dermatitis 
venenata caused by a member of the Rutacae. 

Climatology. — With regard to geographical disiribution, it is a 
cosmopolitan complaint, being found in all parts of tlie world. It, 
however, requires further study in the tropics, and it is for this 
reason that we have specially brought it forward in connection with 
skm diseases. 

etiology. The causation of dermatitis venenata depends upon: — 

I. The plant. 

II. Personal idiosyncrasy. 

III. Confirmatory test, 

IV. The active principle. 

following list, largely compiled from White’s 
altered so as to agree with our definition of dermatitis 

Anacardiacea; : AVms venenata De Candolle. 

Rhus toxicodendron Linnaeus. 

Rhus diversiloha Engler. 

Rhus vernieijera De Candolle. 

^ernecarpus anacardiuni Linnaeus. 

Ampelidacca^: Cissus pruriens Welwitsch. 

Apocynaceai : Nerium oleander Linnieus. 

Arace^e: AriscBma triphyllum Schott. 

Symplocarpus jeetidus Nutt. 

Araliacea?: Arahaspinosa Linnaeus. 

Artocarpaceae:^w/'fms toxicaria Leschenault de la Tour 

Aurantiaceae: Citrus vulgaris Risso. 

erberidaceae: Podophyllum peltatum Linnajus. 

ignoniaceae: Catalpa bignonioidesV^ alter 

Borragmaceae: Bor ago officinalis Linn^us.’ 

Cactaceae: Cactus grandiflor us lAnn^ns, 

Compositae: Erigeron canadense Linnseus. 

Lappa offlcinalis::==L. majus Gaertner. 

Leucanthemum vulgar t Lambert. 

Sohdago odora Hooker and Arnold 
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Conifers^: Abies exceha Link. 

Juniperus virginiana Thiinberg. 

Juniperus sahina Linnaeus. 

Connaraceae: Thuija occidentalis Linnaeus. 

Cnestis corniculatus Lam. 

Crassulaceae : Sedum acre Linnaeus. 

Euphorbiaceae : Euphorbia corollata Linnaeus. 

Hura crepitans Linnaeus. 

Hura brasiliensis Willdenow. 
Hippomane mancinella Linnaeus. 

J atropha urens Linnaeus. 

Stillingia sylvatica Linnaeus. 
Leguminosae: Andira araroba Aguiar. 

Leucanthemum vulgar e. 

Mucuna pruriens De Candolle. 
Stizlohium stans Kuntze. 

Linaceae: Linum usitatissimum Linnaeus. 

Loasaccae: Mentzelia oligosperma Nuttall. 

Mentzelia lindleyi Torrey and Gray. 
Loganiaceae: Gelsemium sempervirens Aiton. 

Malvaceae : Malache hirsuta Kuntze. 

Orchidaceae : Cypripedium puhescens Willdenow . 

C. puhescens Salisbury. 

Papavcraceae : Sanguinaria canadensis Linnaeus. 
Phytolaccaceae: Phytolacca decandra Linnaeus. 
Polygonace<'e : Polygonum hydropiper Linnaeus. 

Polygonum acre Hooker and Benthani, 
Raniuiculace^e: Aconitum napellus Linnaeus. 

Anemone nemorosa Linnaeus. 

Anemone patens Linnaeus. 

Clematis virginica Thiinberg. 
Delphinium consolidum Linnaeus. 
Rubiaceae: Cephcelis ipecacuanha Richard. 

Cincliona bairk and quinine. 

Rutaceae: Ailanthus glandulosa Desfontaines. 

Haplophyllum tuberculatum (Forskal, 1775). 
Pilocarpus pennatifolius Engler. 

Ruta graveolens Linnaeus. 

Scrophulariaceae : Verbascum thapsus Linnieus. 
Solanaceae: Datura stramonium Linnaeus. 

Thymelaceae: Daphnce mezereum Linnaeus. 
Tropaeolaceae : Tr opceolum majus Linnstus. 

Umbelliferae : Thapsia gar ganica Linnaeus. 

- Laportea canadensis Gaudichaud-Beaupr^. 

Urticaceae : Many species of Urtica. 

This is a long list, but all its members are not natives of the 
tropics, in which the more important families are the Ampelidaceae, 
the Anacardiaceae, the Apocyanaceae, the Artocarpaceae, the Con- 
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narace®, the Euphorbiaceae, the Leguminosa; the Malvaces, the 
Rubiaceae, the Rutaceae, the Tropaeolaceae, and the Urticaceae, the 
genera and species of which are indicated above. • • i 

II. Personal Idiosyncrasy . — -When the poisonous principle is 
contained in the juice of cultivated plants, the poisoning is largely 
met with among gardeners, florists, and people associated with 
plants in some way; when, however, the poisoning is due to a 
principle contained in some special hairs of a plant, whether 
cultivated or not, it is obvious that anyone may be affected; and 
when it is due to principles contained in the dust from dry 
wood, it is also obvious that carpenters and persons who cut or 
saw this wood will be most liable to be affected. 

With regard to the first series of cases, in our experience, 
there can be no doubt that some people are more liable to the 
affection than others, and it would appear that certain people 
suffering from any form of seborrhoea or allied condition, no 
matter how mild, are especially liable to be troubled by dermatitis 
venenata. 


As stated in the previous editions of this book, we should not be surprised 
if, in the future, it will be found that certain forms of dermatitis venenata 
are due in reality to some parasitic micro-organisms living in the plants or 
woods, and which get inoculated. The fact that, for instance, satin-wood 
dermatitis appears several weeks after handling the satin-wood sawdust is 
rather in favour of there being some contagium vivum which requires some 
time to develop and multiply sufficiently to cause symptoms of disease. 

III. Confirmatory Test .- — The crucial adiological test is to remove 
the patient from the district in which the plant grows, to cure his 
dermatitis, and then, after a lapse of time, to test him experimentally 
with the suspected plant, which, if the genuine causal factor, should 
reproduce the eruption. 

IV. Active Principle . — Unfortunately at present hardly anything 
can be said upon this subject. We know that drugs like quinine 
can cause eruptions, and therefore we conclude that quinine is 
the active principle causing the eruption produced by boiling cin- 
chona bark; but with regard to the majority of the plants, we are 
entirely or almost entirely ignorant of the Ichemical nature of the 
active principle. 

Symptomatology. — Sometimes the symptoms consist merely of 
itching, with or without an erythematous blush. At other times 
there may be marked erythema, with oedematous swelling in the 
affected part, which is often the face or the hands, or both. In more 
severe cases a true dermatitis may be present with papules, vesicles, 
or pustules, with or without such general symptoms as fever and 
enlargement of the local lymphatic glands. 

The onset is generally sudden, and the affected person may pre- 
viously have been in excellent health. The termination is in quick 
recovery, especially if the causal agent is removed. 

Diagnosis.— The case presents the ordinary appearance of an 
acute dermatitis, and it requires patience and acumen to trac^ 
this to its correct cause. 
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The characteristics of the disease are: — 

1. Acute dermatitis appearing suddenly and often without 
apparent cause in a previously healthy person. 

2. The history of the association with some plant by handling 
or being affected by the odour, or even of being in the neighbourhood 
thereof. 

3. There may be history of previous similar attacks when in the 
vicinity of the suspected plant. 

4. The rapid recovery on removal from the causal plant. 

5. The return of the symptoms when again exposed to the plant. 

The differential diagnosis has to be made from other forms of 

dermatitis, which can usually be done by the history and by finding 
the causal plant, but this will not help with certain forms of acarine 
dermatitis when the mite infests the plant. 

In such a case the only possible method of diagnosis is to examine 
the plant and the patient carefully, so as to exclude the presence 
of these insects, and to reproduce the disease by means of a plant 
found to be quite free from mites. 

Treatment. — The essential feature of the treatment is to remove the 
plant from the patient or the patient from the plant, whichever maybe 
most convenient. The next point is to remove all irritating substances 
by copious bathing of the whole body in water, and in some cases to 
reclcanse the affected area with alcoholic solutions. Lastly, soothing 
lotions such as calamine lotion should be applied to the inflamed area. 

Strickler has tried in certain types the injection of minute doses of the 
poisonous principles extracted with absolute alcohol. 

Prophylaxis. — When the patient knows that he is susceptible to 
the influence of a given plant, care should be taken to avoid it. 

Varieties. — Dermatitis venenata may be divided into several 
groups as follows:- — 

I. The Rhus Plants in which the poisonous principle is 

contained in a clear watery fluid. 

IL The Euphorbia Group. — Plant s in which the poisonous principle 
is contained in a thick milky fluid. 

III. The Urtica Group. — Plants in which the poisonous principle is 

contained in fluid in special hairs. 

IV. The Tectona Group. — Plants and dried hard woods, the dust 

of which contains the poisonous principle. 

V. The Rue Group.— in which the poisonous principle is 
apparently volatile, bu-. acts mainly when the plants are 
handled. 

VI. Buffalo Bean Group. — Plants in which the causal agent is 
innumerable minute hairs which penetrate into the ^in. 

VII. The Little-Known Group. — This is a group containing plants 
which apparently cause dermatitis venenata, but about 
which information is very defective. 

VIII. The Doubtful Group. — This contains plants jwhich probably 
do not produce dermatitis venenata, but perhaps harbour 
a mite which may be the causal agent. 
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I, THE RHUS GROUP. 

' This group includes all those plants in which the poisonous 

principle is contained in a clear, watery juice. . . , . 

^ The ivy or sumac belongs to the genus H/ius Linnaeus, whidiis 
classified either as a genus belonging to the superfamily Anacardio- 
ide« in the family Terebinthaceae, or more simply as belonging to 
the family Anacardiaceae. The genus includes about 1 20 

species, growing in nearly every part of the world; but fortunately 
only a few are poisonous to man, and they may be distinguished, 
as a rule, by their inconspicuous flowers being in loose, slender 
clusters or panicles in the axils of the leaves, and by their greyish- 
white or yellowish dry fruit. 

They may be arranged in two sections, according to the structure 
of their leaves ; — 


1. Leaves trifoliate. 

I^/ms radicans Linnaeus. 

Rhus toxicodendron Linnaeus. 

Rhus diversiloha Torrey and Gray. 

2. Leaves pinnate. 

Rhus vernix Linnaeus. 

Rhus pumila Meerburg. 

Rhus vernicifera De Candolle. 

Rhus succedanea Linnaeus. 


Rhus radicans Linnaeus is by many authorities considered to be 
merely a variety of R. toxicodendron. It is common in the Northern 
United States, while the latter is more common in the Southern 
United States. It has ovate or lozenge-shaped leaflets, which arc 
either entire or toothed and pointed, while R. toxicodendron has 
obtusely crenated, lobed leaves. 

Rhus diversiloha is the Californian poison ivy or poison oak, 
with rounded, obtuse leaflets. 

Rhus vernix (synonym, R. venenata) is the poison elder or poison 
sumac of the United States, and is a large shrub or small tree. 
It is very poisonous. 

Rhus pumila Meerburg is a small erect shrub, found in the 
Southern United States. 

Rhus succedanea Linnaeus is the Japanese wau-tree, and is well 
known in Tonkin and in South China. 

.etiology. — The poisonous principle is an oil [Toxicodendrol], 
which occurs in all parts of the plant and at all seasons, and not 
toxicodendric acid, which is merely a synonym of acetic acid, as 
was formerly thought to be the case. 

Symptomatology.- — After an incubation of one to nine days, 
there is at first itching in the affected area, which gradually increases 
in intensity, and is associated with all the signs of inflammation, 
producing an appearance not unlike erysipelas, and sometimes 
going on to vesiculation. The parts most commonly affected are 
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the eyelids, face, and neck, but it may also occur on the hands and 
feet. Left to itself, the eruption remains well marked for some four 
to five days, and then gradually subsides, serum discharges from 
the vesicles, and after some desquamation the affected area returns 
to normal after some ten to twenty days. 

Treatment. — Wash the affected parts thoroughly with soap and 
water, and then clean with a lotion of alcohol and ether, and finally 
apply the ordinary lead and opium lotion or a solution of acetate 
of aluminium. In mild cases calamine lotion is very efficacious. 

Prophylaxis. — Remove the poisonous ivy. This can only be 
performed by digging up the roots. 

The Lacquer Poison. — Rhus vernicifera De Candolle is the 
lacquer or ''^arnish-tree of Japan. Lacquer poisoning has, however, 
been described on p. 191, and need not be repeated here. 

The Parsnips. — In the same group with the poisonous ivies 
come the parsnips, of which Pastinaca saliva Thomas, the common 
parsnip, and Heracleum lanatum Mich (H. giganteum Fischer), 
the cow parsnip, cause symptoms analogous to those described above. 
The treatment is similar. 


II. THE EUPHORBIA GROUP. 

|The Euphorbia group is placed in the non-volatile division, 
because, although it is definitely known that the milky juice if it 
touches the skin causes dermatitis, it is not so evident that any 
volatile principle contained therein can act at a distance, though 
it is possible that it does so. The subject requires further investi- 
gation. 

In this group the poisonous principle is contained in a thick milky 
juice, the latex, which is contained in special lactiferous cells. 

Hippomane mancinella Linnaeus (Euphorbiaceae), which is the 
celebrated manchineel-tree of the Grenadine Islands, is also found 
in Colombia, South America, where it is called ‘Pedro Fernandes' 
or ‘ maiisanillo.' It causes very severe pruriginous and painful 
urticaria in people who rest under its shade. According to Martinez 
Santa-Maria, this eruption usually disappears in about twenty-four 
hours, but occasionally it may last for two or tliree days, or even 
longer. 

The Euphorbias. — All euphorbias possess more or less irritating 
juices, which, if rubbed into the skin, cause inflammation. The 
thick milky latex is acid, and contains a dense oil, which is very 
irritating. As an example of this group may be mentioned E. 
pilulifera LiniicEUS or E. resinijer Bergmann. The former is common 
in many parts of the tropics, and the latter occurs in North Africa. 

Hura crepitans Linnams, of Central America and the West Indies, 
and H, brasiliensis, of Brazil, possess a milky juice, said by Piffard 
to cause severe swelling of the face, while the latter was employed in 
Brazil as a treatment for leprosy. 
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III. THE URTICA GROUP. 

Urtica Subgroup. — This is characterized by containing its 
poisonous principle in hairs. 

This group includes the nettles which belong to the genus Cltitca 
Linnaeus, of which ll, urens is tlie common European type, while 
U. ferox Forster is found in New Zealand, and U . pilulifera Linnaeus 
occurs in the Mediterranean littoral. 

Laportea Gauducheau is an allied genus, of which L, crenulata 
Roxburg in Bengal, L. stimulans Weddel in Java, and L. gigas 
Weddel in New Holland, produce severe urticarial eruptions, 
associated with pain lasting for several days. 

The genus Urera Gauducheau belongs to the same family, being 
found in tropical Africa and America, while the genus Girardinia 
Gauducheau is found in tropical Africa and Asia, and both contain 
species with markedly urticarial properties. 

In all these the poisonous principle, which is said to be of the 
nature of an aldehyde, is contained in a special poison apparatus, 
which consists of secreting cells which pour their secretion into 
awl-shaped filaments, or hairs which are filled with an acrid, non- 
volatile, albuminoid, acid liquid. These hairs penetrate the skin, 
and the tip, being broken in the process, discharges the poison into 
the dermis. The poison quickly produces the well-known urticarial 
eruption associated with itching, tingling, and even pain. 

Primula Subgroup. — In the same group come quite a different 
series of plants — -viz., the primulas, primroses, etc. — which belong 
to the family Primulaceae. In the tribe Primuleae there is a section 
called ‘ Sinesis,' which contains Primula obconica Hance, P. sinensis 
Sabine, P. sieboldii E. Moir, and P. cortusoiides Linnaeus, which 
possess poison glands associated with hard poisonous hairs, contact 
with which produces acute dermatitis, which often begins as an 
erythema on the face or back of the hands, and spreads quickly to 
other regions. Soon the erythema becomes oedematous and swollen, 
and vesicles may at times appear. The general aspect of the 
patient with the red and swollen eyelids, red and swollen face, and 
the similar eruption on other parts of the body, closely resembles 
erysipelas, and is, without doubt, one of the forms of the complaint 
often called ‘ the rose ’ — i.e., a non-contagious erysipelas. 

It must, however, be admitted that some of the recurrent erup- 
tions described on the hands and face of persons believed to be 
suffering from this or ivy-poisoning are suggestive of pellagra 
(see p. 1700). The erythema of pellagra is, however, generally 
confined to areas exposed to the light, and is usually associated 
with some intestinal or nervous symptoms. It is, however, as well 
to bear in mind the possibility of pellagra in cases of dermatitis 
on the hands and face recurring in the spring or autumn. 

The usual treatment is to apply calamine lotion, to which a 
little menthol or opium is added. 
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Orchid Subgroups. — Cypripeduim spectabile Salisbury, of the 
Orchidaceae, is also said to possess venomous hairs, while C. 
pubescens Willdenow is also known to cause a dermatitis. 

Jatropha urens Linnaeus, var. stimulosa Pohl, growing from 
Virginia southwards, has stinging bristles and is called ' tread 
sojUy.’ 

Malache hirsuia Kuntze (Malvaceae), called by the natives of 
Angola ' utiete/ which name it shares with other stingmg species 
of the Malvaceae in the same locality, has been investigated by 
Wellman, who finds it to be armed with hairs containing a very 
irritating substance. Other examples in the same locality are 
species of the genera Sida and other species oiMalache. 

Cisus p^uriens Wciwitscli (Ampclidaceae) is anolner of Well- 
man’s stinging plants. The fruit is covered with stinging hairs. 
It also has an irritating juice around the seeds, which burns the 
throat if an attempt at mastication is made. 

Cnestis corniculatus Lam. (Connaracea;) is a vine common in 
Angola and called sakupolopolo. Wellman had an unpleasant 
experience with the hairs from a pod. 

Several other species belonging to the same genus and to Roiirea 
have stinging bristles on the fruit. 

Siizlobium stuns Kuntze and S. pruriens De Candollo — synonym, 
Mucuna pruriens (Leguminosae), and called by tlie natives of Angola 
‘ eyumbi ' — are armed with stinging pelose hairs; Mucuna pruriens 
is the cowhage of the East and West Indies. 

IV. THE TECTONA GROUP. 

This group includes trees, the handsome wood of which is used 
for tlie ornamentation of saloons, and also for making furniture. 
The dried liard wood gives off dust, which is extremely irritating 
to some people, wliile others appear not to be affected. One attack 
appears to render the sufferer more liable to the complaint, and 
although certain authorities claim that immunity may be acquired 
by attacks, there appears to be considerable doubt on this point, 
and, in fact, the evidence points to quite the reverse being true. 
The best known of these dermatites was, until recently, that caused 
by the wood of Tectona grandis Linnaeus, commonly called ‘ teak,’ 
which gives off a dry essential oil in the dust created by sawing, 
and this produces a severe form of dermatitis in carpenters and 
joiners, which tends to become generalized, and may be of long 
duration, lasting sometimes for months. 

The effect of the dust of ‘ satin-wood ’ — i.e., the wood of Chlorox- 
ylon sti)ieicnia De Candolle from Ceylon and the East Indies, or 
the wood of F agar a flava (synon3mi, Zanthoxylum flavum) from the 
West Indies is to produce a dermatitis. These woods contain a 
crystalline alkaloid (‘ chloroxylonnc,’ C22^^23^7^)' which has been 
carefully studied by Cash, who finds that twenty-two days after 
application for the first time it causes a dermatitis which, beginning 
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with itching, les rise to papules, vesicles, and oozing-points on the 
- Joc^ated Umb, which in due course becomes bravmy and pits on 
pressure. In a little time the swelHng spreads to the ey^ds and 
face, ears, lips, and nose, and great discomfort is expeneimed. in a 
few days a nasal catarrh and a laryngeal cough appear . This cough 
is of an explosive nature, as though a hair had become lodged in the 
throat, and although the secretion at first is slight, later it becomes 
more abundant. The experimental illness lasted about forty days. 
Another application of the active principle produced a relapse in 
forty minutes. 

In the ordinary way the first attack is of slow development, the 
symptoms appearing some six weeks after the first handling of the 
wood, but a relapse is of rapid development. 

The illness begins with the development of an acute inflammation 
of the skin of the hands, wrists, face, and neck, producing an appear- 
ance somewhat resembling erysipelas, but without fever or con- 
comitant sickness. The inflamed surfaces discharge, dry, and 
finally desquamate. The most suitable treatment, according to 
Cash, is to apply the unguentum glycerinis plumbi subacetal es 
of the British Pharmacopoeia every four hours, to administer 
bromides to allay the irritation, and opium to relieve the laryngeal 
cough. 

Other woods with similar properties are ebony [Diospyrus 
ehenum Kon), found in Ceylon and India originally, and rosewood 
{Dalbergia latifolia Roxburg), found in India. 

Andira araroha Aguiar (Leguminosae) , the Goa powder tree of 
Brazil, produces an irritating dust when the wood is cut or sawn, so 
that workmen have to protect their faces. 


V. THE RUE GROUP. 

Haplophyllum Dermatitis. — This has been described by 
Chalmers and Pekkola as occurring in the Anglo-Egyptian Sudan. 
It is caused by a rue named Haplophyllum tuberculatum (Forskal, 
1775)' synonym Ruia tuherculata (Fig. 850), which was proved to be 
the causal agent by producing the dermatitis in the susceptible 
person by bringing him experimentally into contact with the plant 
for a few seconds some time after he had been cured of the original 
attack. At the time of the experiment the person in question was 
staying in a place far distant from the area where the plant grew, 
from which it had to be fetched for purposes of the experiment. The 
experimental eruption (Fig. 851) appeared in about eighteen hours 
after rubbing the forearm for a few seconds with the leaves and 
flowers, which were partially dry after their long journey. The 
plant only affects susceptible people. 

In the original attack the incubation period was thirty hours, and 
began as small red papules on the hands, feet, and legs, which 
became swollen, red, and itching, and were associated with headache 
and pain in the epigastric region, but no fever. The lips, lobules 
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of the ears, and eyelids became red and swollen, and there was much 
itching. Later the face became swollen, the lips cracked and oozed, 
and the l5miph glands under the jaw and in the groin enlarged. 
All the symptoms rapidly disappeared when he ceased to work among 
these plants. 



Fig. 850 . — Haplophyllum tuberculatum. 


The'treatinent adopted was to wash the whole body after removal 
from the endemic area .and to .apply calamine lotion. 



Fig. 851. — Experimental Eruption. 


Other Rues. — According to Bentley and Trimen, Ruta graveolens 
causes redness, swelling, and even vesication of the skin if much 
handled, while ^Le Maout and Decaisne state that R. montana, 
found in^Spain, produces erysipelatous-like conditions and ulcerating 
pustules on the hands of those who gather it. 

13^ 
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VI. THE BUFFALO BEAN GROUP. 


Letcher has written an interesting account of the suff^ings 
produced by the minute hairs of the pods of the Buffalo bean. 
?his bush, with its silky green pods, lives along the Luia River in 
Portuguese South Africa. The little hairs settle on the skm and 
set up violent irritation and burning, lasting about one hour 
despite remedies. Natives plaster themselves all over with mud. 
This laconic description by no means expresses the views of sufferers, 
who look upon the tree as one of the ^ choicest creations of the devil. 


VII. THE LITTLE-KNOWN GROUP. 

This group includes dermatitis due to: — 

1. Cashew nut. 4. Oleander. 

2. Cinchona quinine. 5. Rungus. 

3. Nasturtium. 6. Upas. 

Semecarpus anacardium Linnaeus (Anacardiaceae), the common 
cashew nut of the tropics, a native of Tropical America and natural- 
ized in Africa and Asia, is said to cause fumes when roasted which 
may blister the face. The mere handling of the plant does no harm. 

Cinchona (Rubiaceae) [Quinine]. — Although the cinchona tree 
itself is harmless, yet workmen preparing quinine by boiling the 
bark, those who make the sulphate, and those who bottle the powder, 
are ^pt to suffer from erythema, vesicles, and pustules, which appear 
upon the hands, forearms, and genitalia in susceptible persons. 
It is believed to be due to emanations from the drug acting upon 
susceptible persons, who should not be longer employed at this 
work. The rash disappears in two to four weeks after ceasing to 
work with quinine. 

Nasturtium. — TropcBohim majits Linnaeus (Tropaeolaceae), which 
is a native of Peru, will cause a dermatitis in susceptible persons 
when handled. 

Oleander. — Nerium oleander Linnaeus (Apocyanaceae), the 
oleander of Palestine and the East, may, in susceptible people, 
cause symptoms like those produced by the Rhus group, but this 
requires confirmation. 

Rungus. — This is a curious affection, described in British North 
Borneo by Hornsey, and is caused by contact with any part of the 
tree called rungus or ringus by the natives, and said to be capable 
of being spread from a victim to uninfected persons. Within 
twenty-four hours of handling the tree itching sets in, and this is 
followed by a papular rash associated with fever and malaise. The 
rash appears first on the parts which have been in contact with the 
tree. The papules become vesicles and then bullse, filled with a 
serous fluid, and these if secondarily infected may give rise to foul 
ulcers. Some people are immune. The condition heals naturally. 

Upas Tree. — Antiaris toxicaria Lesch (Artocarpaceae), according 
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to Loudon, causes cutaneous eruptions when wounded, while 
Hasselt says that it affects the Javanese after the manner of the 
Rhus group when they come in contact with it. This requires ^con- 
firmation. ] 

VIIL THE DOUBTFUL GROUP. 

The irritant poisoning caused by kaju-rugas, the juice of which 
produces painful bullae, by kaju buta-buta, which causes violent 
dermatitis and conjunctivitis, have not been well studied, neither 
has the poisonous properties of the well-known daffodil; in fact, 
the whole subject requires further study. 

Cane Dermatitis. — A peculiar dermatitis is found in people 
handling and cutting reeds (Arundo donax Linnaeus) in Provence, 
some parts of Italy, some districts of Greece, and other countries. 
The dermatitis was studied by Blanchard and many observers, 
among whom Thiebierge, Berlese, Brigi, Aravandinos, Sfameni, 
and Vadala, may be mentioned. It starts with severe itching 
and erysipelatoid eruption, associated with the formation of blebs, 
generally on the uncovered parts of the body, but also on the genital 
organs, which may become greatly oedemat ous, and febrile symptoms 
with signs of coryza may appear. After a few days the rash dis- 
appears, and is followed by desquamation. 

The Etiology is doubtful. Some authorities consider it to be due, 
to the plant itself, others to a fungus {Ustilago hypodytes Schlecht) 
and still others to a mite {Aclerda berlesi). 

Treatment consists in applying calamine and lead lotions. 

Vanilla Dermatitis. — This is often called VaniUismus, and is 
due to Vanilla planijolia, which is a native of Eastern Mexico, but 
which also grows naturally in Tropical America and is cultivated 
in many parts of the tropics. Workmen when handling the beans 
suffer from itching of the hands and face, while the skin becomes 
covered with a pruriginous eruption and reddens, swells, and 
desquamates. It would, however, appear that this is not due to 
the plant, but to some mite thereon, as it does not occur in some 
works. It is said that only persons with dry skins should work 
with vanilla, as the least drop of perspiration or moistening of the 
beans causes their destruction by fungal growth. The whole 
matter requires further investigation. 
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ULCERATIONS 

Cutaneous leishmaniasis (Oriental sore) — Muco-cutaneous leishmaniasis 
(Espundia) — Indian oro -pharyngeal leishmaniasis — Ulcus tropicum — 
Ulcus Interdigitale — Ulcus infantum — Remarks on ulcers in the tropics — 
Granuloma inguinale — Papilloma inguinale — References. 

CUTANEOUS LEISHMANIASIS (ORIENTAL SORE). 

Synonyms. — Delhi boil; Aleppo boil; Biskra boil; Bagdad boil 
Ulccra de Bauru (Brazil); Bouton d’Orient; Ulcere d'Orient; 
Chancre du Sahara; Dcrmite Ulcereuse Circonscrite (Corre) ; Ende 
mische Beulenkrankheit ; Bottone d’Oriente; Godownik, i.e., 
' yearly boil ’ (Caucasus); the Tartar name is ‘ Il-jarassy ’ (' il 
year, ' jar assy ’=boil) ; Tschiban, i.e., ‘yearly sore'; Dous-el- 
Kourmati, i.e., ‘date disease* (Turkish); Ghisud (Abyssinia); 
Habb-es-Sanawi, i.e., ‘ yearly boil ' ; Habb-es-Sanah, i.e., ‘ boil of the 
year’; Bess-el-Temiir, i.e., 'date disease’ (Arabian); Salek, i.e., 
‘annual’ (Persian); Pascha-churdj , i.e., ‘fly-bite’; Afghan Jara, 
i.e., ‘ Afghan plague ’ : Jaman Dyscharagan, i.e., ‘ malignant ulcer 
Taschkent Jarassi, i.e., ‘Tashkent ulcer’ (Tashkent); Mycosis 
Cutis Chronica (Carter) ; Lupus Endemicus (Lewis and Cunningham) ; 
Endemic Boil Disease (Scheube) ; Granuloma Endemicum (Brooke) ; 
Furunculus Orientalis (Crocker) ; Pian-Bois (Guiana) ; Sudan nodules; 
Cutaneous leishmaniasis; Leishman nodules; Parasitic granuloma 
(Ferguson and Richards). 

The so-called Nile boil has been demonstrated by Modder and 
Archibald to have nothing to do with Oriental sore, being of pyo- 
genic origin. The so-called Bucharest boil, also, has apparently 
nothing to do with Oriental sore. 

Definition. — A specific ulcerative affection of the skin caused by 
Leishmania tropica Wright and its varieties. 

History. — ^The earliest account of the disease is to be found in 
Russell's description of Aleppo boil in 1756, in which he states 
that the inhabitants believed that it was caused by the drinking- 
water. The disease was also described by Hasselquist in 1762, 
Holland in 1780, Volney in 1787, Alibert in 1832, and Guillon in 1835. 
Tholozan, in 1866, appears to have been the first to doubt the 
setiological value of the drinking-water; but Virchow is said by 
Hirsch to have been the first to suggest that the true cause might 
possibly be a parasite. 
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Smith in 1868 and Fleming in 1873 claimed to have found eggs 
ofTspecies of Dts/oma in the sections of specimens of the tissues 
from oases of Delhi boil. Carter m 1875 tobed a 

mycelial fungus and spores. In 1880 Laveran stated thattiw virus 
of Oriental sore was probably carried by flies. Deperet and noniet, 
Duclaux and Heydenreich cultivated various cocci in 1884. In 1885 
Cunningham described some peculiar parasitic organisms of various 
size and shape, often endocellular, easily brought in evidence by 
staining with gentian violet. Cunningham inclined to regard these 
bodies as representing various stages of the development of a 
mycetozoal parasite, probably belonging to the group of the 
Monadidse. 


Riehl (1886) isolated a capsulated micrococcus. Finkelstein 
and Chantemesse (1887) also cultivated a micrococcus similar to 
the organism described by Duclaux. Poncet in the same year 
described a coccus in sections and a very delicate bacillus. Le 
Dantec and Auch^ in 1894 found in a case of Biskra boil a strepto- 
coccus and the Staphylococcus albus. In 1897 Nicolle and Nourry 
Bey found a streptococcus which they believed to be specific. 
The organism was very slightly virulent. Attempts to inoculate 
monkeys with the disease did not succeed. In the same year 
Brocq and Veillon cultivated a streptothrix from a case of Aleppo 
boil. Crendiropuolo isolated in numerous cases a bacillus, prob- 
ably belonging to the Proteus group. Firth in 1891 stated that 
he had been able to confirm the presence of the Cunningham 
parasitic bodies in numerous cases of Delhi boil. He proposed 
for the parasite the name of Sporozoon Jurunculosum. In 1898 
Borowsky constantly observed in twenty cases of Sarten ulcer some 
peculiar organisms which he thought to be protozoa. In fresh 
preparations the bodies were very actively motile, and presented 
a spherical shape; sometimes they were spindle-shaped. The 
maximum diameter varied from 0-5 to 3 /x. The cell-body stained 
very faintly. The nucleus was placed eccentrically. No chro- 
matin bodies could be put in evidence. Schulgin in 1902 con- 
firmed Borowsky’s results, and suggested that the disease might 
be conveyed by mosquitoes. In 1903, in a case of tropical ulcer 
occurring in a boy from Armenia, Wright described bodies very 
similar to those found in cases of kala-azar. These bodies may 
possibly be identical with those seen by Cunningham in 1885. 
Wright’s discovery has been confirmed by Mesnil, Nicolle, James, 
Strong, Plehn,^ Nattan-Larrier, Splendore, Carini, Cardamatis, 
Wenyon, Gabbi, Lacava, Balfour, Archibald, and others, who have 
greatly extended our knowledge of the disease. Marzinowsky and 
Bogrow state that, independently from Wright, they found similar 
bodies in cases of Pendjeh ulcer from Persia. In 1908 C. Nicolle 
and A. Sicre succeeded in cultivating the organism. In the same 
year and 1910 C. Nicolle and his co-workers reproduced the disease 
in monkeys and dogs, and in 1913 to 1914 Gonder, Row, and 
Laveran infected mice and other rodents. In 1917 Laveran 
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published a most useful and complete treatise on the malady and 
other leishmaniases. 

Geographical Distribution. — The disease is endemic in many 
tropical and subtropical regions. It is found also in temperate 
zones. In Africa it is found in Morocco, Tunis, Tripoli, Algeria, 
and Sahara (Biskra, Gafsa), Eg5^t, Sudan, Congo, West and East 
Africa, and South Africa; in Asia it is common in Sjrria and Asia 
Minor, in Mesopotamia, Arabia, Persia, the Caucasus, Turkestan 
(Tashkent), in the Turkmene district (Pendhe). It is very common 
in some parts of India, especially along the Valley of the Indus, in 
the Rajputana States, and in the North-West Provinces (Delhi, 
Multan, Lahore). In Europe the affection occurs in the Crimea, 
Cyprus, Crete, and Greece. Cases have been reported by Gabbi, 
Lacava, and others from Italy. It is known also in Brazil and 
other countries of South America, and in French and British Guiana, 
where it is known as Pian-bois, or forest yaws, and has been 
observed by Darling in Panama, so that the name ' Oriental sore ' 
is somewhat misleading. 

It is generally much more common in large towns than in the 
country. In some cities it is so prevalent that even visitors of a 
few days only may not escape it. Its occurrence appears to be 
influenced by the seasons, as, according to Hirsch, in the tropics 
it is most prevalent at the beginning of the cool season, and in 
more temperate climates at the end of summer. Laveran 
says that in Biskra, from September to October inclusive, 
the slightest wound tends to become transformed into the 
' bouton.' In some years it has been found to be more prevalent 
than in others. 

A peculiarity of the geographical distribution of the disease 
is that in the countries where it is endemic its distribution is not 
general, but is confined to certain districts only; hence the numerous 
local names given to the malady, as Aleppo boil, Bagdad 
boil. etc. 

iffitiology. — The disease is caused by Leishmania tropica Wright, 
1903. In the first edition of this book we expressed the belief that 
future investigation would show that there are several varieties of 
L. tropica, each giving rise to a slightly different clinical type of 
the affection, and this has come true, several species and varieties 
having been described, though not yet generally accepted. The 
description of L. tropica and its varieties is found in Chapter XIX., 
p. 378 . Nicolle and Manceaux, Laveran and others have occasionally 
succeeded in producing in monkeys and dogs Oriental sore by 
inoculation of cultures. Row, by inoculating cultures of L. dono- 
vani, has produced cutaneous lesions in monkeys,^but such lesions 
differ histologically from true Oriental sore. 

Mesnil, Nicolle, and Remlinger have observed the parasites to be present 
occasionally in true polymorphonuclear leucocytes, besides being found in 
the mononuclear leucocytes as usual. Mesnil has observed in some cases 
a typical ' bacillary ' form. 
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The medium used by Nicolle for the cultivation of the parasite is a modifica- 
tion of Novy-McNeal medium, and is composed as follows; — 

Agar 14 grammes. 

Salt 6 

Water 900 c.c. 

This is dissolved in a large flask in a Koch's stove, and then distributed in 
tubes. After sterilization, to each tube is added one-third rabbit- blood, 
collected with all aseptic precautions. The tubes are kept aslant for twelve 
hours, then kept at 37° C. for five days, after which they are kept at the 
ordinary temperature for some days before using. This medium is often 
referred to as the N.N.N. medium. Row has introduced a simple haemo- 
globinized saline culture medium. 

Histopathology. — The histopathology of the disease has been 
studied by Unna, Leloir, Kumm, Riehl, Wright, Strong, Bettmann 
and von Vasielewski, Balfour, Archibald, Darling, and others. The 
histological lesions in the common ulcerative variety consist essen- 
tially in the atrophy and disappearance of the epidermis of the part, 
and in a very extensive cellular infiltration of the corium and papillae 
by various kinds of lymphoid cells, plasma cells, and numerous large 
roundish cells containing a single faintly stained vesicular nucleus 
and large amount of cytoplasm. These large roundish cells, which 
are probably i)roliferated endothelial cells, contain often many 
Wright’s bodies closely packed together, occupying most of the 
available space between the nucleus and the cell periphery. Darling 
in his case found that the corium and papillae were infiltrated by 
newly formed cells, lymphoid, endothelial, (;pithelioid, giant, and 
plasma cells. There were no necrotic areas, and a polymorphic 
leucocytic infiltration was not noted. Many interpapillary down- 
growths were seen in the rete. The squamous epithelium was sur- 
rounded by a mass of desquamated epithelium forming the crust. 
The lymphatic and bloodvessels in the deeper layers of the skin were 
surrounded by collections of lymphoid cells. Balfour, Thomson, and 
Archibald, noted the following principal histological features in their 
cases: — presence of vertical epithelial columns extending deeply 
downward, with a few cell-nests and isolated masses of cell infiltra- 
tion. The dermis is infiltrated with cells of the large round type, 
polymorphonuclear leucocytes, and large numbers of eosinophiles. 
This cellular infiltration may extend to the sebaceous glands and 
hair follicles. 

Communicability. — The disease may be conveyed by direct 
infection from person to person, by absorption of the virus through 
some pre-existing abraided surfaces, or small wounds or ulcers of 
other nature present on the skin. The reservoir of the virus would 
be in the affected persons and in dogs, which, as noted as long ago 
as 1854 by Vuiilemin, may suffer from a very similar or identical 
affection. Certain authors have suspected geckoes and lizards to be 
the reservoir, but this can hardly be, as these animals cannot be 
experimentally infected. Camels, too, have been suspected to be a 
reservoir of the virus. Insects, especially flies, probably play a 
certain role in the transmission of the disease. That flies convey 
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the disease was first claimed by Seriziat (1875) and by Tscherepkin 
(1870). 

Tscherepkin states that by the people of Tashkent the disease 
IS called * pascha-churdj/ meaning * fly-bite.' Laveran thinks that 
flies carry the virus on their feet and proboscis, and thus convey 
mfection. Schulgin and others believe the disease to be conveyed 
by mosquitoes. Ed. Sergent and Pressat have suggested that 
some Phlebotomus ' may play a role in the transmission of the 
disease, while Balfour and Thomson suggest that the bed-bug may 
carry the infection. Fleas and lice have also been inculpated. 

The disease is inoculable from man to man, as is clearly proved 
by the experiments of Marzinowsky and Wenyon. It is also auto- 
inoculable. 



Fig. 852. — Oriental Sore. 

Marzinowsky inoculated himself with Oriental sore by putting inside the 
bulla caused by an artificial burn on his hand some material (scraping) derived 
from an Oriental sore. After ten days from the inoculation he began to feel 
unwell and feverish, and suffered from headache and general debihty. The 
fever lasted two weeks. With the beginning of these general S)rmptoms a 
papule appeared at the seat of inoculation, which slowly developed into a 
typical Oriental sore. Scrapings contained many parasites. Wenyon has 
also inoculated himself, and he, too, presented fever before the skin lesion 
ajjpeared. The Bagdad Jews, according to Colvilli, inoculated their children 
with the disease, as they thought that after having recovered once, there 
was no danger of getting it again. 

Symptomatology, — After an incubation period varying from a 
few days to some weeks or several months, during which attacks 
of irregular fever often occur, one or several small pruriginous spots 
appear on the skin of uncovered parts of the body, not much dis- 
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similar at the very beginning from mosquito-bites, for which they 
are often taken by the patients. The spots, however, instead of 
slowly fading, become red and shotty, with an inflamed areola, 
which later becomes markedly indurated. The papules slowly 
enlarge to the size of a pea or bean; the surface gradually loses its 
smooth and shiny appearance, and becomes covered with small thin 
scales. After a period of time, somewhat variable in length, but 
generally not exceeding three to four months, the ulceration of the 
nodule begins. At first the ulceration is very superficial, and 



Fig. 853 . -^Oriental Sore in a Persian Soldier. 
(From a photograph of Drs. A. Busslere and Nattan-Larrier.) 


exudes a yelbwish secretion, which soon dries into a hard adherent 
d^kish scab. Underneath the scab the ulcerative SoceS aid 
disintegration of the nodule continues slowly trsS The 

IS generally indolent, or but sligS pfiS" Triflfe 
lymphatic glands are not, as a rule, L^sibly enlJged, unless thSf 
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is a secondary pyogenic infection. The examination of the blood 
taken from the finger shows often a distinct mononucleosis, and the 
coagulability is generally increased. The total number of leucocytes 
may be normal, or there may be leucopenia, cr during the attacks 
of fever leucocytosis. In the blood taken from non-ulcerated 
lesions the mononucleosis is much more marked. 

Healing generally sets in after six to twelve months by granula- 
tion, which begins in the centre of the ulcer, the unhealthy-looking, 
large, yellowish granulations giving place to healthy ones. A 
whitish or pinkish, often depressed and disfiguring, scar remains 
at the seat of the ulceration. After^cicatrization, the sore may 
break down again. 

Oriental core may be single or multiple. Two or three are fre- 
quently found on the same patient, but occasionally there are many 
more, and may spread to the mucous membranes of the mouth and 
nose. The sores are auto-inoculable by scratching. 

The seat of the ulcers is generally on uncovered parts — feet, 
legs, hands, arms, face. They axe very seldom observed on the 
palms, soles, or scalp. The affection attacks people of any race, 
sex, and age, if they expose themselves to the infection. 

Course . — The length of the incubation period is not known with 
certainty. It is generally stated that it varies between a few days 
and six weeks. Manson, however, has observed that it may be 
as long as five months, and Wenyon, who inoculated himself, ob- 
served that the first skin lesions appeared six and a half months 
after inoculation. Manson in one case made the interesting observa- 
tion that the appearance of the sore was preceded several months 
by a fever of an irregular remittent type, not influenced by quinine, 
and having some features of the fever of Indian kala-azar. This 
fever was also noted by Marzinowsky and Wenyon, who inoculated 
themselves experimentally. Attacks of irregular fever during the 
incubation and the course have been recorded by several other 
authors. During one of these febrile attacks Neumann observed 
Leishmania tropica free in the liquor sanguinis of the patient. 

The duration of the eruption varies from four or five months 
to twelve months and more. Relapses may occur, but true rein- 
fections are rare. 

Clinical Varieties. — The following clinical varieties may be dis- 
tinguished: — 

1. The common variety — Oriental sore sens'd stricio — to which the 
description given above refers. This variety, which is the usual 
type met with in Asia, Africa, and South Europe, while compara- 
tively rare in America, is characterized by the presence of one or 
several nodules, which slowly ulcerate, with or without symptom? 
of general infection, such as fever and enlargement of the spleen. 
Very rarely, in addition to the cutaneous nodules, there may be 
ulcerative lesions on the mucosa of the mouth and nose, as noted 
by Cardamatis in Greece and Lacava and Gabbi in Italy. 

2. The verrucose variety, described by Ferguson and Richards, 
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and later by Archibald in Egypt and the Sudan, so called from the 
peculiar verrucose appearance of the lesions. j -u j 

3. The keloidform variety. This is a non-ulcerative type described 
by Cambillet, Balfour, and Thomson, characterized by the presence 
of pinkish nodules, somewhat keloid-like, which never ulcerate. 
For this variety Balfour suggested the name ' Leishman s noduleS; 
and Brumpt created a new species for the leishmania found in them, 
— L. nilotica Brumpt, 1913. 

4. The framhcesiform variety. This is characterized by the pres- 
ence of numerous nodules capped with crusts and resembling yaws 
(sec Fig. 854). It is fairly common in the West Indies, where it is 
known by the name of ' forest yaws,' ‘ Bosch-Yaws,' or ' Bush-Yaws. 

5. The papillomatous variety. This is found in South America, 
but very similar types seem to have been met with in North India. 

It is characterized by the presence 
of papillomatous masses, which 
are generally found on the lower 
limbs, and are designated by the 
Amazon natives with a word 
which means sponge. The natives 
believe that the same affection 
attacks horses, mules, and 
donkeys. 

This variety runs a much longer 
course than the common type of 
Oriental sore, lasting ten to fifteen 
years, and with very little or no 
tendency to spontaneous cure. It 
is probably due to a species of 
leishmania biologically different 
from L. tropica, and most 
authorities consider it to be due 
to L. tropica var. americana, 
the variety of leishmania which is 
the cause of espundia (see below). 

6. The deep ulcerative variety. This is found in South America, 
and is characterized in most cases by the presence on various parts 
of the body of deep large ulcers running a very long course and with 
practically no tendency to spontaneous cure. In some cases the 
condition is localized to the ear, which may become perforated 
{oreya de los chicleros). One such case has recently been recorded 
by Low. This condition is often in reality the first stage of espundia, 
and is due to L. tropica var. americana (p. 380). 

Diagnosis. — The diagnosis of all types of cutaneous leishmaniasis is 
made with absolute certainty only by examining microscopically the 
suspected lesions and finding the leishmanias. In numerous cases of 
the most common variety — Oriental sore sensu stricto—ih^ diagnosis 
can often be made clinically, taking into account the following dat a : — 

I. The patient comes from or is living in an affected area. 
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2. The few eruptive elements — often one single element — situated 
as a rule on uncovered parts of the body. 

3. The course: a small papule which slowly enlarges into an 
indurated nodule, indolent, smooth, or slightly scaly, and after 
several months ulcerates. 

4. The proximal lymphatic glands usually not enlarged. | 

The history, the absence usually of enlarged lymphatic glands and 
other symptoms of syphilis, and the uselessness of the mercurial 
treatment, will help in excluding syphilis. In framboesia there is a 
primary lesion, which, after a time, is followed by a general granu- 
lomatous eruption. We have, however, seen cases of framboesia 
patients who, after the general eruption has disappeared, have 
remained for months with a single or a few sores closely resembling 
the Oriental sore. In fact, we believe that in a certain number of 
cases it is very difficult to make the differential diagnosis between 
Oriental sore and ulcers of tubercular, syphilitic, or framboetic origin ; 
also, at times, from cancroid when the ulcer is single and situated 
on the face. In our experience, the only reliable way to come to a 
definite diagnosis in difficult cases is the microscopical examination. 
To do this the scab is removed, and a scraping is taken from the 
floor and edges of the ulcer. The preparation is then coloured with 
Leishman’s or Giemsa's stain, or any other of the numerous modifi- 
cations of Romanowsky’s method, and examined for the presence of 
Leishmania tropica. The search must be prolonged in some cases, 
as the parasites may be very rare. 

Prognosis. — In the common type the prognosis is good, quoad 
vitam. Very occasionally the disease may end fatally, owing to the 
ulcers becoming phagedaenic, and to secondary septicaemic and 
pyaemic processes. In some rare cases, as observed by Cardamatis in 
Greece and Lacava and Gabbi in Italy, the ulcerative lesions may 
spread to the mucosa of the mouth. Sometimes the scars remaining 
after the ulcers have healed up shrink considerably, and if they are 
on the face, may give rise to serious disfigurement. 

Treatment. — Tartar emetic is a specific. It is best given by 
intravenous injection, using a i per cent, solution in saline or simple 
distilled water. The solution should not be autoclaved; it should 
be filtered through a Berkefeld candle, or may be sterilized in flowing 
steam on two or three consecutive days. Five to ten c.c. of the solution 
are given daily for five to ten days, then every other day or twice a 
week until fifteen to thirty injections have been given. In children 
one-third or half doses are used. The intravenous injections should 
be given, taking all ordinary precautions and making sure that the 
needle is actually in the vein and that none of the liquid escapes into 
the surrounding tissues. Soon after the injection patients at times 
complain of metallic taste, giddiness, and nausea, but as a rule 
tolerance for the drug is easily established. Occasionally a prolonged 
treatment induces diarrhoea, and the patient may complain of 
great debility and muscular stiffness. Tachycardia has been noticed, 
exceptionally, and a few cases of sudden death have been ascribed 
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to the action of the drug, which may produce a severe fatty degenera- 
tion of the heart, liver and kidneys. 

Tartar Emetic Carbolic Solution. — This contains i per cent, tartar 
emetic and J per cent, carbolic acid, and does not need to be sterilized or 
passed through a Berkefeld filter. 

Solutions for Intramuscular Injection. — Intramuscular injections are 
in certain cases very convenient, especially in children, in whom the superficial 
veins are often small. Unfortunately the usual solutions of tartar emetic 
and other antimonial salts are painful, and may induce the formation of an 
abscess. The following formulas will be found fairly satisfactory: — 

Formula No. i [Castcllani) . — Tartar emetic, gr. viii.; ac. carbolici, TTlx.; 
glycerin., dest., ad §i.; J to i c.c. (8 to i6 minims) every other day 

in the gluteal region. At the time of the injection there is as a rule no pain 
whatever, but a few hours later in most cases there is a certain amount of pain 
and an infiltrated patch often develops, as after an intramuscular injection 
of quinine or of mercury perchloride. Care should be taken to give the injec- 
tions in different spots, never giving a second one in the infiltrated part. If 
the pain and infiltration should be severe, hot fomentations will be found 
useful. 

The solution is prepared in bulk in a sterile bottle, and tested for sterility 
forty-eight hours after preparation; it may then be put up in small i c.c. 
ampoules, which it is advisable to keep in a cool dark place. The presence of 
carbolic acid decreases the pain induced by tartar emetic and makes the 
solution sterile. 

Formula No. 2 (Castellani). — Tartar emetic, gr. viii.; ac. carbolici, n^x.; 
glycerin., sodii bicarb., gr. aq. dest., ad Ji. This solution differs 

from No. i in being slightly alkaline. The results seem to be the same, and the 
pain induced by it appears to be about the same as with formula No. i . 

Formula No. 3 {Martindale). — Antimonii oxidi, gr. glycerin., aq. dest., 

5.5, m^xv. (for one ampoule). This preparation is good and is practically pain- 
less, but our impression is that the curative action of antimonium oxide is 
inferior to that of tartar emetic. 

Oral Administration of Tartar Emetic. — The oral administration 
of the drug may be useful in conjunction with the intravenous or intramuscular 
injections. The following mixture is often very convenient: — 

Tartar emetic, gr. v.; sodii bicarb., gr. xxx. ; glycerin., ^i.; aq. chlorof., §ii.; 
aquae, ad giii., 3i* ^ water, three times daily, in children; double 

dose in adults. The presence of bicarbonate of soda and chloroform water 
decreases the emetic action of the drug. 

Local Applications of Antimonial Preparations. — G. C. Low has 
used with satisfactory results a i per cent, antimonial ointment. A i per cent, 
antimonial lotion has been used by several authorities as a local application 
to the sores, and certain observers have used tartar emetic in powder, but 
this is extremely painful, and we do not recommend it. 

Before the introduction of tartar emetic the treatment of Oriental sore was 
very unsatisfactory. Nitrate of mercury ointment, alum ointment, boric acid, 
and various antiseptics were recommended, with very poor results. Formalin 
often irritates the ulcer, and may produce a dermatitis. Rontgen rays have 
been tried, without any good results. An expectant treatment was generally 
advised. The scabs should be removed by boracic acid fomentation, and 
then the sores must be thoroughly disinfected once or twice daily with a 
I in 1,000 solution of perchloride of mercury or 2 per cent, carbolic acid, after 
which one of the ordinary antiseptic ointments (/3-naphthol, gr. v. ; vaseline, 
Ji.; iodoform or europhen, v. ;ung. ac. borici, ji.; balsam. Peru., gr. v.; to 
vaseline, Ji.) or an antiseptic powder (iodoform or xeroform or boric acid) is 
applied. 

Salvarsan and atoxyl have been used without any good result. 

Marzinowsky, after removing the crust and cleansing the ulcer with 
antiseptic lotion, applies a 10 per cent, lotion of ferropyrin to stop the bleeding,. 
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and then applies thoroughly a 50 per cent, lotion of chininum bimuriaticum 
daily. He says recovery takes place in between seven to eleven days. 

Schulgin advises the freezing of the boil with ether. He used tms method 
in 300 cases with good results. 

Several French writers advise the use of permanganate of potassium, at 
first in powder form, and later as a 5 per cent, ointment. 

Duncan advised placing a thin piece of lead over che ulcer, and then ban- 
daging up. 

Emily recommended the repeated applications of boric acid. 

Oudiourminsky has applied to the treatment of Oriental sore Bier's stasis 
method, apparently with good results. 

Chulguine recommended soaking the sore with a solution of methylene blue 
(10 per cent.). 

Bussi^re advised dilute tincture of iodine (10 per cent.). 

In other cases Bussidre and Nattan-Larrier advised excision of the sore. 
Several physicians praise the use of silver nitrate. 

Castellani had some fairly good results in two cases by washing the sores 
with a 5 per cent, solution of protargol, followed by the application of a 
20 per cent, protargol ointment. The protargol ointment cannot be used 
on Europeans when the face is afiected, as the protargol, after some time, 
induces a discoloration of the skin. 

Lincoln and Aviss have obtained good results by painting the sores with 
a native gummy fluid, sold in native bazaars under the name of ‘ raurath.’ 

Timpano injects i c.c. daily round the sore of a i per cent, solution of 
carbolic acid . * 

Prophylaxis. — The disease being very contagious, and being also 
probably spread by some blood-sucking insects, the slightest wound 
and any insect -bite should be thoroughly disinfected with carbolic 
acid 5 per cent., or tincture of iodine. 

MUCO-CUTANEOUS LEISHMANIASIS (ESPUNDIA). 

Synonyms. — Naso-oral Leishmaniasis, Uta, Chancre Espundique 
d'Escomel (Laveran and Nattan-Larrier), Leishmaniasis cancerosa 
(A. da Matta), Bubas Braziliana (Breda), Smith's disease, Breda's 
disease, Bueno de Miranda and Splendore’s Leishmaniasis, American 
Leishmaniasis (Laveran and Nattan-Larrier). 

Definition. — A chronic ulcero-granulomatous affection of the skin 
and mucosa of the mouth and nose due to Leishmania tropica Wright, 
1903, var. americana Laveran and Nattan-Larrier, 1912. 

Historical. — Espundia seems to have been present in South 
America since time immemorial. According to Tamayo espundia 
lesions are depicted on certain water vases of the ancient Incas. 
The malady has been known to local medical men for many years in 
Peru and other parts of South America, though it was often confused 
with framboesia and blast omyco^as. Fairly good descriptions of the 
malady were given by Smith in 1840 andTschudiin 1846, and later by 
several other observers. In 1895-1896 Breda described in a series 
of important publications the affection in Italy, in emigrants return- 
ing from Brazil, under the name of Bubas Braziliana, and considered 
it to be due to a bacillus the presence of which was confirmed by 
Fiocca, who claimed to have reproduced the disease in the lower 
animals by inoculating pure cultures of the organism. Breda's work 
was confirmed by Verrotti and De Amicis. The term ' boubas,* 
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used by Breda, was a rather unfortunate one, as it led to much 
confusion, this term being generally used by tropical authors as a 
synonym for framboesia, while the natives, as noted by Splendore 
and others, use it indiscriminately to indicate various ulcerative 

lesions of widely different nature. , . . . 

EscomeJ in ion gave a very good description of espundia as 
found in Peru. Further investigation has shown that the condition 
found in Brazil is identical with that found in P eru. 

Bueno de Miranda and Splendore first found leishmania bodies 
in the ulcerative lesions, Splendore making a very complete patho- 
logical and clinical investigation of the condition, and succeeding in 
experimentally inoculating it in monkeys. Splendore called atten- 
tion to the fact that in cultures the flagellum of the Leishmania found 
was generally longer than in L. tropica ; he observed also that with 

Giemsa's reagent the parasite stained 
usually deeper than L. tropica. Laver an 
and Nattan-Larrier have made an 
important study of the parasite in tissues 
sent to them by Escomel, and noting 
the very frequent peculiarity of the 
nucleus being flattened, have created a 
new variety: L. tropica Wright, 1903, 
var. americana Laveran and Nattan- 
Larrier, 1912. Vianna had previously 
created a new species, L. hrasiliensis , but 
this species has not been generally 
accepted. More recent important re- 
searches have been carried out by Horta, 
Carini, Lindenberg, Rabele, Morales, 
Darling, Velez, Araujo, Chagas, Alfr. da 
Matta, Aragao, Strong, Tyzzer, Brues, 
Sellards, Gastiaburu, Flu, Migone, 
Torres, Christopher son, and many 
others. 

Geographical Distribution. — The disease has been reported from 
Peru, Brazil, Paraguay, Argentina, Colombia, and other parts of 
South America. In Brazil it is especially common in the regions 
between the State of St. Paulo and the State of Matto Grosso, near 
the River Tiete; in Peru it is found in the regions of Caralaya and 
Sandia, and close to the River Madre de Dios. Cases have been 
reported from Panama and Mexico. It has been found in the 
Anglo-Egyptian Sudan by Christopher son. 

Etiology. — The disease is due to Leishmania tropica Wright, 1903, 
var. americana Laveran and Nattan-Larrier, 1912, which Vianna con- 
siders to be a separate species, L. hrasiliensis Vianna, 1911 (see 
PP- 378. 379 ^ 3.nd 380). 

Marbid Anatomy and Histopathology.— Escomel, in a chronic case 
which died of cachexia, found the body extremely emaciated, and the 
espundial lesions extending from the oral cavity to the pharynx, 



Fig. 855. — Espundia. 
(After Splendore.) 
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larynx, and trachea. The oesophagus was also affected. The 
organs presented amyloid degeneration. 

The histopathology of the disease has been well investigated by 
Breda, Escomel, De Amicis, Verrotti, Splendore, Carini, and recently 
very completely by Laveran and Nattan-Larrier. The lesions do not 
show any characteristic histological feature, theepithelial strata have 
disappeared, and are substituted by a fibro-Ieucocytic membrane ; 
there is a large amount of granulation tissue, with numerous mono- 
nuclear leucocytes and plasma cells ; a few macrophages may be seen. 



Fig. 856.— Espundia. 

(After Splendore.) 

Splendore has occasionally seen giant cells; no cell nests have 
been observed. The stroma consists of some fibrils, which are 
stained with difficulty. The lesions are not very vascular. 

Communicability. — The infection may be conveyed by direct 
contact from person to person, the virus being absorbed through 
some abraded surface, fissure, or small wound. It may also be 
transmitted probably by some blood-sucking insect, most patients 
stating that the first lesion appeared at the place where they had 
been bitten by some insect. Mosquitoes, sand-flies, certain ticks 
and certain flies (especially tabanid) have been inculpated. 

As regards the reservoir of the virus, certain observers sus.peit dogs, in which 
occasionally a similar or identical affection to the human one may be louna. 
In Paraguay there is a popular belief that the rattle-snakes are the leservoir 

^^^rllng^and Townsend have brought forward the hypothesis that the 
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ft. -o «« o^ot^fa+inn fn man of insect flagellates. In this connection 
leishmania i interesting observations made by Fantham and Porter, 

iTvemn and Franchini. who have succeeded in infecting mammaUa with 
certain flagellates found in fleas and mosquitoes (see p. 363). 


period is unknown. The 
n some uncovered part of the 
ni, and an ulcer is formed. 
‘ espundial chancre.’ It is 
mostly found on the forearms, legs, chest, trunk, or more rarely on 
the face. The ulcer is generally atonic, roundish; there is very 

little or no pain, the fundus is 
granulating, and there is 
abundant purulent secretion 
which dries up, forming thick 
crusts. The ulcer after some 
months, or even one or two years, 
lieals up, leaving a thick scar. 
While this primary ulcer is still 
open, but oftener after it lias 
healed, the characteristic lesions 
occur on the mucosa of the 
mouth and nose, with or without 
the appearance of further 
ulcerative lesions on the skin of 
various regions of the body. 
The lesions on the mucosa of 
the mouth are ulcero-granulo- 
matous, often framboesiform, 
and may invade the hard and 
soft palate, the gums, the labial 
mucosa; they may form on the 
palate a diffuse granulomatous 
mass, with deep furrows. The 
mucosa of the nose is very often 
attacked, and destruction of the 
cartilages may take place, induc- 
ing a marked deformation of 
the nose. Alfr. da Matta has 
noted that the bones are not 
destroyed; the skin is often oedematous, and patches of hard 
(ndema may be found below the eyes. The pathological process 
may extend to the pharynx and larynx. In some cases the 
patient may become aphonous, and complains of great pain during 
deglutition; his breath may be very offensive. There may be 
serotine fever. 



Fig. 857. — Espundia. A Sudan 

Case, 

(From a photograph by 
Chris topherson.) 


Symptomatology.— The incubation 
malady generally begins with a nodule c 

body, which fairly quickly breaks doi 
Tuic tirct lAeinn is called bv Escomcl 


• The course is chronic; the disease may last for twenty to thirty 
years, death being generally due to some intercurrent disease. In 
few cases the affection may attack mucosa other than the naso- 
oral, and pharyngeal, for instance, a case of vaginal leishmaniasis 
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has been recorded by Alfr. da Matta. In the last stage the patient 
becomes cachectic, and his appearance may be that of a carcino- 
matous patient. 

Prognosis. — Beforethe introduction of tartar emetic by Vianna the 
prognosis used to be very bad, though occasionally when the diag- 
nosis was made as soon as the primary cutaneous lesion appeared, 
and this was destroyed, the further progress of the disease was 
prevented. 

Diagnosis. — The disease is distinguished from the usual type of 
dermal leishmaniasis (Oriental sore) by its very long course. More- 
over, the latter invades the oral mucosa only exceptionally, though 
cases ha VO been reported by Cardamatis in Greece, and Lacava and 
Gabbi in Italy. From blastomycosis it is distinguished by the 
presence of a leishmania, and absence of yeast-hke or monilia-like 
fungi. From syphilis it can be diagnosed by the uselessness of the 
mercurial and salvarsan treatment; from morva by the absence of 
B. mallei Loftier and Schiitz; moreover, morva is very rare or absent 
in those regions where espundia occurs. The condition is distin- 
guishable from tuberculosis by the different histological lesions; 
from framboesia by the absence of the framboesiform eruption on 
the body, by the absence of the Treponema pertenue Castellani, and 
by the uselessness of the salvarsan treatment. 

Treatment. — Tartar emetic, first used in the disease by Vianna, 
is a specific. The usual i per cent, solution in saline or distilled 
water, filtered through a Berkefeld candle, or sterilized in flo\\ing 
steam, is given by intravenous injection (5 to 10 c.c. per injection) 
for several periods of five days each until twenty or thirty injections 
have been given. The same solution may be used as a local apphea- 
tion to the sores, for syringing the nose, etc. 

Strong solutions or tartar emetic in powder form should not be 
used, as they give rise to severe pain. 

Mild antiseptic mouth-washes sucli as diluted glycothymolin and 
listerin or potassium permanganate (i in 5,000) sliould be freely used. 

According to Escomel, if the primary lesion be excised or destroyed, the 
further course of the disease is prevented. 

Prophylaxis.- — Abrasions, fissures, and any ordinary travmalic 
small sores, should be kept well disinfected and protected with 
antiseptic dressings, to prevent infection with the espundia virus. 
Any insect bite should immediately be touched with tincture of 
iodine. 

INDIAN ORO-PHARYNGEAL LEISHMANIASIS. 

Remarks. — It may be of interest to give a brief account of an 
ulcerative condition of the throat observed by one of us in two 
Europeans who had long been living in India. 

iEtielogy. — In one of the two cases observed, scrapings from the 
ulcers contained typical leishmania bodies very similar or identical 
to Leishmania tropica and L. ionovani. In the other — which was 
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the first case seen, and clinicaUy identical to the secon<^no leish- 
mania was found, but the patient had to go back to India, and no 
Repeated examinations could be earned out. We inchned to 
think that it was of the same nature, pe condition may have 
been kala-azar, with ulcerations on the throat, though this mani- 
festation of kala-azar has never been described; moreover, the 
general health was not so affected as in kala-azar of long standing. 
It was not Oriental sore with complications on the oral mucosa, as 
the skin had never been affected; moreover, Oriental sore does not 
run such a long course. It was not espundia, as there were no 
cutaneous lesions and the ulcers were not franiboesiiorm. 

Symptomatology. — In the case in which leishmania bodies were 
found there was no history of syphilis or of any ulcerative lesion on 
the skin. He had been residing for a long time in India, and when 
he consulted one of us at Colombo, was going on a long holiday. 
He was a tall, rather stout man (European) of thirty-eight years 
of age, in apparently good general health, but he complained of 
intractable ulcers on the pharynx and soft palate, which, according 
to him, had been present for the last nine years, and which gave 
a certain amount of discomfort, though they were not very painful. ■ 
No enlarged lymphatic glands could be detected. The local ex- 
amination showed the presence of several ulcers on the posterior 
wall of the pharynx and on the soft palate; they were of various 
sizes, but not very large, mostly J to | centimetre in diameter; 
they were roundish, and some of them not very deep. Some were 
covered by debris; none had a frambeesiform appearance. The 
patient had been treated in various ways, including a very energetic 
antisyphilitic treatment, without any effect. The microscopical ex- 
amination of scrapings from the lesions showed leishmania bodies, 
apparently very similar or identical to Leishmania donovam. 


On inquiry the fact was elicited that the patient had been occasion- 
ally suffering from attacks of fever, believed to be malaria, for the 
last five years. The physical examination of the patient revealed 
nothing abnormal, but the spleen on percussion appeared to be 
slightly enlarged, and on deep inspiration was just palpable. 

In a clinically identical condition seen in a previous patient no 
leishmania was found in the ulcers, but no repeated examinations 
could be carried out; he admitted having had many attacks of 
what he called ‘ malarial fever.' In that case the spleen was much 
enlarged, though the examination of the blood revealed absence of 
malarial parasites and pigment. 

Prognosis. — The local ulcers were most intractable. The general 
health did not seem, however, to be very markedly affected. 

Diagnosis. — This is based on the microscopical examination. 
Care should be taken to make a deep scraping of the ulcer. 

Treatment. — This should be the seime as for espundia. 
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ULCUS TROPICUM. 

Synonyms. — Yemen ulcer, Aden ulcer, Annam ulceration, Cochin 
sore, Mozambique sore, Sarnes (Congo). French : Ulcere Phag6- 
d^nique des Pays Chauds. Ulcere Phaged^nique End^mique. 
Italian : Ulcera Tropicale, Phagedaena Tropica. German : Tropische 
Phagedenismus. 

Definition. — Ulcus tropicum is a tropical chronic sloughing ulcer, 
which may take a phagedaenic character, and spread down to the 
muscles and bones, and which, left to itself, shows hardly any ten- 
dency to heal. 

History. — Phagedaenic ulceration is mentioned in many of the 
early works on tropical medicine. Thus. Hunter in 1792 refers to 
it in Jamaica in the following terms: — 

' Sores . . . spread quickly, and form large u^xerated surfaces. . . . 
The granulations turn flaccid, and even mortify in parts. The por- 
tion skinned over ulcerates afresh, and the sore becomes larger 
than ever. Ulcers of some standing . . . could not be healed in 
that country. . . . Opportunity was taken to send home men with 
ulcers.' 

After this date there are numerous references to the complaint, 
which is generally described under the name of the locality in which 
it was found, which accounts for many of the above synonyms. 
In 1862, Rochard took a broader view of the disease, and in 1864 
Le Roy de Mericourt introduced the term ' Phagedaenic ulcer of 
warm countries.' 

In 1874, Treille suggested that the disease was likely to prove 
to be of a parasitic origin, but he failed to demonstrate any parasite. 
Bacteria have since been described by many observers, and more 
recently spirochsetes have been considered to be the cause of the 
disease, as will be described in the section on etiology. 

Climatology. — Ulcus tropicum is found in all tropical and sub- 
tropical regions of Africa, Asia, and America. There are localities, 
however, such as the hinterland of Aden, the low, marshy plains of 
Cochin China and Tonkin, and some islands of the Red Sea, where 
the affection is particularly common. It may be found also, 
though rarely, in temperate zones, cases having been reported from 
Greece, Macedonia, and South Italy. 

Etiology. — Numerous bacteria have been described by Petit, 
Boniet, Blaise, Crendiropoulo, as being the cause of the disease. 
Le Dantec described in the lesions the fusiform bacillus, and con- 
sidered it to be the cause of the affection. Vincent found in addition 
to the fusiform bacillus numerous spirochaetes, and considered that 
the affection was due to the association of the two germs. 
Vincent's observations have been confirmed by Smith and Peil in 
Sierra Leone, Patton in Aden, and many other observers in various 
parts of the tropics. Prowazek has fully described the spirochaete 
which he named Spirochceta schaudinni Prowazek, 1907. This 
term, however, is a synonym for S. vincenti Blanchard, 1906. 
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The important researches of Keysselitz and Mayer, and the more 
recent ones of Wolbach and Todd, confirm Prowazek's work. 

Spiroschaudinnia vincenti Blanchard, 1906 (synonym, Spiroschaudinnia 
schaudinni Prowazek, 1907). — This is a spiral-shaped organism, very actively 
motile, its length varying between 10 jj, and 22 /x, though much shorter or 
longer individuals may be met with. The coils are few in number, and 
elongated. The organism possesses a well-marked undulating membrane, 
which is best brought into evidence by using Loffler's flagellar stain. A 
delicate, rather short flagellum is occasionally seen at one of the extremities. 
Forms undergoing longitudinal division are frequently observed. Prowazek 
distinguishes, also, male and female forms. Variously shaped regressive 
and rest forms may be seen. According to Prowazek, Spiroschaudinnia 
vincenti, apart from being more slender, has the greatest resemblance to the 
spirochaete which Prowazek himself and Hofman have described in a form of 
balanoposthitis. 

The S. vincenti is often found mixed with other types of spirochaetes, some 
slender, some thick. 

According to Le Dantec, Brault, Vincent, and others, ulcus tropiciim is 
identical with the so-called ‘ hospital phagedaena ' which used to rage in hos- 
pitals of all countries before the antiseptic era. In our opinion ulcus tropicum 
is a separate disease, though occasionally, owing to secondary infections, it 
may take phagedaenic characters similar to those found in hospital gangrene. 

Inoculation Experiments — Communicability. — Experiments to in- 
oculate the disease in men and in the lower animals have been made 
by several authors. Blaise inoculated himself with the secretion 
of a case of ulcus tropicum, but no ulcer was produced- — only a 
slight superficial, purulent lesion, probably due to pyogenic cocci 
present as secondary infectious agents in the secretion whicli had 
been used for the inoculation. Blaise tried to inoculate the disease, 
also, in guinea-pigs, but without any definite result. Similar experi- 
ments on the lower animals by Jourdeuil and Gayer failed. Hal- 
berstadter tried to reproduce the affection in monkeys (orang- 
outang and Macacus cynomolgus), but without success. 

It would seem, therefore, that, to a certain extent, the disease 
is not directly contagious. It is probable that some insects or 
other blood-sucking vermin may play an important role in the 
transmission of the disease. In Ceylon, patients often state that 
the ulcer developed at the site of a leech-bite. Leeches are ex- 
tremely common in Ceylon and other tropical countries. Prowazek 
in Java has examined many leeches, but he never found any spiro- 
chaetes except once. The spirochaete observed, however, was quite 
different from Spiroschaudinnia vincenti. Prowazek examined, 
also, on many occasions the mud of rice-fields, but of spirochaetes he 
found only S. plicatilis, and once a very thin, short, very actively 
mobile spirochaete. 

Predisposing Causes. — A hot, damp climate is said to have a pre- 
disposing influence, as cases of ulcus tropicum occur more frequently 
in the hot rainy season and marshy lowland localities rather than 
in dry or higher regions. It may be that it is in hot, marshy places 
that the carriers of the infection thrive. 

The disease is very common among the poorer classes of the 
population, who go barefooted and wear but scanty clothes. We 
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have observed it very often in beggars and in scabies patients. 
The disease is much more common in adults than in children; in 
men than in women. ' 

Histopathology. — This has been thoroughly studied by Keysselitz 
and Mayer, and by Wolbach and Todd. The surface of the 
ulcer is covered often by a tenacious membrane composed 
almost solely of coarsc-meshed hyaline fibrin, with detritus 
and masses of spirochaetes and various bacteria. The fundus 



Fig. 858. — Ulcus Tropicum: Typical. 

and walls consist of granulation tissue, which does not present 
any characteristic feature. The deeper tissues and corium 
surrounding the ulcer present a heavy lymphoid and plasma cell 
infiltration, and, as noted by Wolbach and Todd, numerous eosino- 
philes are found in the vicinity of sinall vessels. On, microscopical 
examination of vertical sections of the ulcer, it will be seen that 
the superficial layers of the fundus show a large amount of granular 
detritus and numerous foci of leucocytic infiltration, .while the 
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deeper layers consist of fairly dense fibrous tissue. Haemorrhagic 
foci are to be seen in various parts, and, as observed by Keysselitz 
and Mayer, fusiform bacilli and spirochaetes are found in the super- 
ficial layers, while in the deeper strata only spirochaetes are present. 

Symptomatology. — The affection is generally found on the lower 
limbs, especially the lower third of the leg, the ankle and dorsum 
of the foot. Occasionally it may develop on other uncovered parls 
of the body. It is single in most cases, but two or more ulcers may 
be found in some patients. 

Ulcus tropicum begins with the appearance of a small, painful, 
occasionally pruriginous papule or papulo-pustule, surrounded by 
a deeply infiltrated dusky red areola. The initial lesion soon 
undergoes purulent and degenerative changes, which rapidly extend 
to the infiltrated area. A sloughing process sets in, and an ulcer 



Fig. 859. — Ulcus Tropicum: Early Stage. 

is formed, which gradually extends in depth and surface. The 
margins are not sensibly raised, nor thickened, unless the case be 
very old. They are not perpendicularly cut, nor undermined, as 
a rule, the whole ulceration having generally a roundish or oval 
outline, and, when the secretion is removed, a concave fundus. The 
parts surrounding the ulcers are often oedematous, and somewhat 
painful on pressure. It is remarkable, however, how comparatively 
little pain there is in many cases. 

When the patients are first seen, the whole ulcer is generally 
covered with a thickish, dirty greyish secretion, exhaling a highly 
offensive odour. On removing the secretion the fundus will be 
found to be of a red colour, or in chronic cases pale pinkish, and 
feebly granulating. 

The fundus is often somewhat infundibular in its central area, 
and not rarely may present a circular raised ridge, which divides 
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the ulcer into two portions — an external more superficial one, and 
an internal infundibuliform one. 

Occasionally, if left untreated, the ulcer may take a real phage- 
daenic character, involving a large surface, and deepening till the 
deeper structures — muscles, tendons, and periosteum — are affected. 

The course is always chronic, lasting for months — in fact, the 
ulcer has hardly any tendency to spontaneous healing if untreated. 
Healing takes place by a very slow process of granulation, and 
begins from the periphery. A thick, whitish, often disfiguring 
scar is left at the place of the ulcerations. At times, however, the 
cicatrix is at first very delicate, and the ulcer may break out again 
after the least irritation or traumatism. 


The microscopical examination of the greyish, bad-smelling secretion shows 
leucocytes undergoing various degenerations, some red-blood cells, threads 
of connective tissue, and very 
often spirochsetes and fusiform 
bacteria of various types, some- 
times accompanied by the usual 
pyogenic cocci. In old untreated 
cases larvag of flies may be found, 
small acarids, and ants. 

Diagnosis. — According to 
Le Dantec, Vincent, and 
several other observers, ulcus [ 
tropicum is identical with ? 

‘ hospital phagedaena.' The g 
fact, however, that, in con- 
trast to ‘ hospital phage- 
daena,' ulcus tropicum shows 
very little or no direct con- 
tagiousness, and in most 
cases is self-limited, clearly 
shows, in our opinion, that Fig. 860.— Ulcus Tropicum. 

the two are separate diseases. 

Differential Diagnosis — Frambeesia , — The lesions in framboesia are 
generally multiple — either granulomatous or ulcerative. Scrapings 
from framboesia lesions — after the superficial strata have been re- 
moved — will often reveal the Treponema pertenue Castellani, which 
is much more slender than any of the spirochaetes found in ulcus 
tropicum. Occasionally an ulcerative framboesia lesion may become 
infected with the virus of ulcus tropicum. In our experience, 
however, the reverse is much more common — viz., an ulcus 


tropicum becomes infected with framboesia virus, takes a papil- 
lomatous appearance, and is followed by a general eruption of 
framboesia granulomata. 

Syphilis , — Ulcus tropicum does not show usually the clean-cut 
margins and the punched-out circular or reniform appearance, with 
the frequent wash-leather slough on the surface, of a tertiary ulcer. 
The mercury and potassium iodide treatment has no influence on it. 
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Oriental Sore.—Kn old-standing Oriental sore may present some 
characters of a chronic ulcus tropicum, though generally a tropical 
ulcer is much larger. The process of ulceration and breaking 
down is very slow in Oriental sore, while it is very rapid m ulcus 
tropicum. In difficult cases the search for Letshmama tropica. 
which is present in Oriental sore, will clear the diagnosis. 

Ulcus Cruris FancosMW.— There are often varicose veins visible, 
the parts surrounding the ulcer are congested and frequently ecze 
matous, the ulcer is often shallow and irregular. 

Ulcers oj Tubercular Origin.— l\\oy are rare on the lower ex- 
tremities, and their development is long and insidious. In ulcus 



Fig. 86i. — Ulcus Tropicum. 

tropicum the tubercular cuti and ophthalmic reactions are negative 
unless the ulcer develops in a tubercular patient, j 
Blastoynycosis — Sporotrichosis. — In blastomycosis there are gener- 
ally warty patches with minute abscesses; while the lesions of 
spo’^otrichosis often ^show at first the characters of gummata. 
The bacteriological examination will reveal the presence of 
the fungi. 

Acladiosis. — The ulcerative lesions are multiple and of smaller 
dimensions. The bacteriological examination will reveal the pres- 
ence of Acladium castellanii Pinoy. 

Mycosis Fungoides.—ls generally preceded by a general pruri- 
ginous dermatitis of various character, lichen-planus-lilce, psoriasis- 
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like, eczematous-like. The ulcerative lesions are multiple, and 
have the characters of granulomata. 

Prognosis. — If untreated, tropical ulcer has very little or no ten- 
dency to spontaneous recovery, and in some cases may extend, 
damaging the deeper structures, tendons, muscles, nerves, and 
vessels. Occasionally a general septicaemia and pyaemia may super- 
vene. In countries where framboesia is endemic the ulcer often 
gets infected with its virus, and the patient develops a general 
eruption of framboesia. 

Treatment. — Salvarsan, neosalvarsan, and their substitutes have 
been administered by intravenous or intramuscular injection by 
Werner, Hallenberger, and others, with success in certain cases. 



Fig. 862. — Ulcus Tropicum, with Cornu Cutaneum. 

The details of the treatment are found in the chapter on Fram- 
baeiia (p. 1560). Mercury and potassium and sodium iodides are 
useless, but calcium iodide (gr. hi.), well diluted, three times daily, 
seems occasionally to be of some slight benefit. As regards local 
treatment, the patient, wheneveT possible, being kept at rest, the 
dirty greyish, foul-smelling secretion is removed by using a disin- 
fecting solution, such as mercury perchloride, i in 1,000; cyllin, 
I in 300 ; hydrogen peroxide, 10 per cent. ; permanganate of 
potash, I in 2,000. 

For the first few days it is better not to apply any so-called 
disinfectant ointments or powders: simply keep the ulcer covered 
with gauze, moistened as often as possible with one of the disin- 
fecting solutions already mentioned. This generally stops the 
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formation ni the erevish, dirty secretion. The ideer wiJJ then 
appear clean and of a pinkish colour; but whatever be the father 
treatment used, whether powders (iodoform, boracic acid) or 
disinfecting ointments (white, red precipitate, or lodoiorm ont- 
ments), the improvement will be very slow, and several weeKS, and 
often months, will elapse before a firm cicatrix is formed. Much 
quicker results will be obtained by using a protaxgol ointrnent. 
The ulcer is cleaned every morning with a perchloride lotion (i in 
i,ooo) ; then a protargol ointment (5 to 10 or 20 per cent.) is thickly 
spread on a piece of lint or gauze and applied to the ulcer, which 
is then fairly firmly bandaged. 

The superiority of the protargol treatment over other kinds of local trea toent 
is patent in many cases. Caslellani, who introduced it lor ulcus tropicum, 
made the following experiment: in a patient presenting two ulcers of little 
difference in size and deepness, one on the right leg, one on the left, he treated 
the one on the right leg, which was slightly larger and deeper, with protargol, 
and the one on the left leg with iodoform. The ulcer treated with protargol 
healed in three weeks, the one treated with iodoform in two months. 

A silver nitrate ointment (J per cent.), or a silver nitrate (J per cent.), 
balsam of Peru (2 per cent.), ointment may also be used. 

To accelerate cicatrization allantoin preparations have been used, and 
also scharPehroth powder. Salvarsan has been used locally as a powder, 
but this method is not advisable, as it induces a very severe, painful inflam- 
mation. Boigey and Vincent recommend a powder consisting of 10 parts of 
fresh hypochlorite of soda and 90 parts of boric acid. 


ULCUS INTERDIGITALE. 

This affection is not rare among natives. It was described in 1909 
by Castellani, whose work has been recently confirmed by Breinl, 
Martinez and Lopez. The patient complains of some itching 
between the toes, though no papules or vesicles are seen. After a 
few days a fissure appears, which rapidly deepens, and enlai'ges into 
a large oval ulcer with a dull, dark red fundus and sodden-looking 
margins. There is practically no discharge whatever. The ulcer 
is generally very painful. The skin surrounding the ulcers does 
not show signs of inflammation. Under proper treatment the 
ulcer heals in a few days. The patient must remain at rest, washing 
the ulcer twice daily with a i per cent, carbolic lotion, followed by 
dressing with a bismuth-boric jacid^ointraent : — 

Bismuth! subnitratis . . . . . . . . gr- xxx. 

Acidi borici . , . . . . . . . . gr. xv. 

Vaseline , . . . . . . . , . . . Ji- 


ULCUS INFANTUM. 

Hlstorleal and Geographical. — Under this name Castellani de- 
scribed a rather rare ulcerative condition of the legs met with in 
Ceylon among children, both native and European. His researches 
have been confirmed by various observers, among whom Gabbi 
and Sabella in Tripoli. The condition is found in Ceylon. India', 
and North Africa. 
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etiology. — This is unknown. A bacillus which cannot be grown 
is the only germ present in most cases; but^ as to its setiological 
r 61 e nothing can be said definitely. 

Symptomatology. — A reddish spot appears on some part of the 
leg. The spot becomes slightly elevated, and shows a yellowish 
central point. The yellowish point breaks down, and a small ulcer 
appears, generally of circular shape, and with a red fundus. The 
ulcer secretes a yellowish, thickish secretion, which dries into a 



Fig. 863. — Ulcus Infantum. 


yellow crust. If after some days the crust is removed, the ulcer 
will be found much larger and deeper — the size of a shilling to a 
half-crown piece. The ulcer is generally indolent, except on pres- 
sure. There may be a little pruritus. The ulcer may be single 
or multiple. The inguinal lymphatic glands may become enlarged, 
and occasionally the child has fever. The duration is between four 
to six weeks and three or four months. On healing, a permanent 
whitish scar is left. 
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' Disgoosis. — The ulcus infantum is differenpaled from ulcus 
tropicum by the less severe symptoms, by being almost always 
multiple, by the smaller dimensions of the sore, by the absence of 
spirochastes, and by the absence of any tendency to phagedaena. 
In contrast to veldt sore the ulcers are deep, and the crust very 
thick. No streptococcus is found. 

Treatment, — Touch the ulcers with pure hydrogen peroxide once 
every other day, and dress them with simple boric acid lotion 
(2 per cent.). 

REMARKS ON ULCERS. 

Ulcerative conditions of the skin are extremely common in the 
tropics. They may be classified as follows: — 

1. Cutaneous leishmaniavsis. 

2. Ulcus tropicum. 

3. Ulcus infantum. 

4. Veldt sore. 

5. Ulcus inter digit ale. 

6. Gangosa ulcers. 

7. Leprotic ulcers. 

8. Ulcers of framboesial origin. 

q. Elephantoid ulcers. 

10. Blastomycetic, sporotrichitic, acladiotic, and, gener- 

ally, hyphomycetic ulcers. 

11. Cancerous and sarcomatous ulcers. 

12. Tubercular ulcers. 

13. Syphilitic ulcers. 

14. Glanders ulcerations. 

15. Ulcers of pyogenic origin (pyosis tropica). 

16. Ulcers due to varicose veins. 

17. Undetermined chronic or subchronic ulcerations. 

The ulcerative conditions which may be considered as strictly 
tropical and well defined, such as Oriental sore, ulcus tropicum, etc., 
have already been described. The cosmopolitan ulcerations, such 
as the syphilitic ones and those due to varicose veins, show the same 
characters in the tropics as in temperate zones, except that very 
often, owing to their being neglected for a long time, they may 
present enormous dimensions, and may show secondary infections 
and become phagedaenic. Ulcers due to varicose veins are very 
common among rickshaw coolies, who have to run and stand for 
hours at a time. It is remarkable how quickly they heal in most 
cases in these coolies, if the patient is kept at rest for some time; 
whereas in temperate zones the healing of varicose veins ulcers is 
of very long duration. 
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Undetermined Subchronic and Chronic Ulcers. 

Knowledge of this group of ulcers is scanty, but the investiga- 
tions of Strong, Stitt, Rho, Wherry, and Clegg, and others have 
thrown some light on this subject. Our experience tallies with 
that of Stitt, and we therefore consider that such ulcers may be 
roughly divided into three groups: — 

1. Septic Ulcers — Ulcerations following on Neglected Wounds. 

2. Painless Chronic Ulcers. 

3. Diphtheroid Ulcers. 

Septic Ulcers — Ulcerations following on Neglected Wounds. — 

These arc of pyogenic origin and often very large dimensions. 
They are generally of roundish or irregular shape, and may be very 
deep. The secretion is abundant, purulent, and contains the various 
staphylococci. If the pus is removed, and a scraping taken from 
the fundus, the preparation will show numerous polymorphonuclear 
leucocytes and various cocci. These ulc^'rs do not show tendency 
to spontaneous cure, but heal quickly under an antiseptic treatment. 
We generally treat them with hydrargyrum pcrchloride (i in 2,000). 
The opsonic treatment also gives good results. 

Nichols has called attention to discharging sores in the Philippine Islands, 
called 'puente,' which are produced by the natives applying some lime to the 
skin, and afterwards betel powder, with the object ol counter-irritation. 

Painless Chronic Ulcers. — A small red scaly, slightly itching spot 
appears, generally on the legs, and gradually enlarges for about 
four to eight weeks, when the affected area begins to exude a serum 
which quickly dries into crusts. Under the crust ulceration slowly 
takes place. At first the ulcers are shallow, and may have under- 
mined edges; later they are often punched out, and may become 
indurated. There is no pain, except slight pain on pressure, and 
the general health is not affected. Healing takes place under the 
crust, and lasts between two and twelve months. A pale cicatrix, 
with hyperpigmented margins, is left. 

As noted by Stitt, scrapings from the fungus show a prevalence 
of mononuclear cells, polymorphonuclears being practically absent. 
No pyogenic organisms are found. 

Treatment , — The treatment is difficult. Cauterization does very 
little. In some cases the application of bismuth subnitrate, xero- 
form, novoform, dermatol, and firm bandaging is useful. In others 
a protargol ointment (5 to 10 per cent.), or a nitrate of silver 
(J per cent.) balsam of Peru (i per cent.) ointment is of advantage. 
Allantoin preparations may also be used. When the ulcers are 
very large and atonic, skin transplantation may be necessary. 

Diphtheroid Ulcers. — An angry red, painful spot, often surrounded 
by vesicles, appears on the legs. Within a few hours — -'twelve to 
forty-eight — the affected area is turned into a dark greyish or 
blackish membrane. If this membrane be removed, an ulcer will 
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be found covered with greenish pus The membrane reforms 
rapidly, and, apart from the dark colour, it closely resembles a 
diphtheria membrane. These ulcers extend rapidly, but do not 
take as a rule, a true phagedaenic character. The margins ^ter 
Sme time may become indurated, but do not show a punched-out 
appearance, ^rapings taken from the fundus show numerous 
poiymorphonuclears. The course is very long. These uJcers 
with difficulty distinguishable from true ulcus tropicum except by 
the absence of Spiroschaudinnia vincenti Blanchard. 

Treatment . — Excision is not to be advised, as in Stitt s and our 
own experience, when this has been done, additional lesions have 
appeared. Bier’s passive congestion method is painful, and does 
not improve the condition. On the whole, the best treatment is 
to keep the ulcers well disinfected with a perchloride lotion (i in 
2,000), occasionally touching them with pure hydrogen peroxide. 
Should the ulcers become phagedaenic, the application of pure 
carbolic is advisable. 


GRANULOMA INGUINALE. 

Synonyms. — Ulcerating granuloma of the pudenda, Granuloma 
Venereum (Brooke), Esthiomene de la vulve. 

Definition. — Granuloma inguinale is a chronic granulomatous 
affection of probable protozoal origin attacking the generative 
organs, from which it spreads to the inguinal regions and the peri- 
neum. 

History, — In 1896 Conyers and Daniels described a disease of 
the generative organs in both men and women in British Guiana 
which was very painful, disfiguring, cind contagious. Daniels 
thinks that it was previously described by Macleod and Maitland 
in India. Since then papers have appeared on the subject by 
Ozzard, Galloway, Wise, Donovan, Siebert, Flu, Martini, Gabbi, 
Sabella, Torres, Rabello, Pijpcr, Mayer, Newham and Low, and 
many others. 

Climatology. — It occurs in British Guiana, the West Indian 
Islands, West Africa, South Africa, India, South China, and Northern 
Australia; but is rare in Ceylon, Malaya, Sudan, and Central Africa. 
It has been reported from Northern Africa (Tripoli) by Gabbi and 
Sabella. A similar or identical condition has rarely been met with 
in Europe and North America. 

etiology. — It appears in the genitalia of both sexes after puberty, 
but is rare after forty-five years of age. 

Donovan, in 1905, described certain peculiar rod-like bodies 
2 /X by I lying singly or in groups in mononuclear cells, obtained 
by scraping the sores. Donovan stated that the bodies looked ‘ like 
gigantic bacilli with rounded ends,' but left the nature of them un- 
decided Siebert, in 1907, carried out an investigation on material 
originating from various countries, demonstrating the same or 
similar bodies in all instances, but referring to them as diplococci. 
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Mai'kham Carter, in 1910, described the parasites as ' bean-shaped 
bodies resembling the gregariniform stage of a herpetomonas or a 
crithidium,' and came to the conclusion that the afection was due 
to either a herpetomonas or a crithidium. 

Flu, in 1911, in South America confirmed Siebert's work, but 
considered the bodies to be bacilli, with capsules, and not cocci. At 
the same time, however, he called attention to the possibility of 
the bodies being a stage of a chlamydozoal infection. Martini, in 
1913, announced that he had succeeded in cultivating the germs 
described by Sicbert and Flu on blood agar. He described them as 
anaerobic, capsulatcd, Gram-negative diplococci, and stated that 
he had succeeded in producing granulomata in mice by inoculation 
of cultures, though he failed with guinea-pigs and rabbits. In the 
same year Aragao and Vkinna also stated tliat they had succeeded 
in growing the bodies, which they consider xl to be of bacterial 
nature, using the term ‘ calimmato-bacterium granulomatis.' Their 
work was confirmed by De Souza Araujo. 

It is very doubtful whether the cultures obtained by all these 
observers are in reality cultures of Donovan's bodies. The inocula- 
tion of vaccines made from such cultures do not induce any im- 
provement. 

Wise, in 1907, found in the eruption spirochaetes resembling Treponema 
pallidum and Spivoschaudinnia refringens, together with small bodies con- 
sisting of a thin capsule surrounding a clear unstained space, in the middle of 
which was a curved chromatic rod, which was thinner in the centre and 
club-shaped at cither end. He found from two to twenty-live of these in the 
leucocytes. Cleland confirmed Wise’s observations, and called the spirochaete 
5 . aboriginalis Cleland, 1009. 

Bosanquet confirmed the presence of spirochaetes in sections, associated 
with numerous bacteria, but did not consider the spirochaetes to be the aetio- 
logical agents of the affection. De Souza Araujo observed that after the 
injection of salvarsan the spirochaetes disappeared, but the condition did not 
get better; hence he came to the conclusion that the spirochaetes had nothing 
to do with the aetiology of the disease. 

Cleland and Hickinbotham, in 1909, published further observations on 
granuloma inguinale, and stated that spirochaetes were present only in a 
certain number of cases, while they constantly found large numbers of diplo- 
bacillary bodies. Le Dantec, in 1911, was still of opinion that the malady 
was of tubercular origin. Torre and Rabcllo believed it to be a form of sporo- 
trichosis, and Greco a blastomyco.sis. Pijper, in a recent interesting publica- 
tion, has definitely brought forward a chlamydozoon theory, and considers 
that the variously shaped bodies described by so many observers are stages 
of the same organism, a stage of which, in Pijper's opinion, closely resembles 
the initial or elementary bodies de -cribed by Prowazek in the development of 
the Guarnieri bodies. 

Communicability. — The disease is generally transmitted sexual 
intercourse. 

Cleland states that in West Australia the malady is especially common 
among ‘ gins ’ (native women), and there is an idea prevalent among the 
white settlers that the girls become infected by connection with dogs, in which 
animals a condition similar or identical with granuloma venereum is said to be 
found. Ernest Black, who has made a thorough investigation, states that 
Cleland 's hypothesis is untenable. 
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PAtbology.^ — ^According -j to Galloway, the microscopical chang^ 
begin some distance from the lesion, and consist of a round-celled 
infiltration into the upper regions of the corium. This induces 
the papillae to increase in length, thus producing the typical papule, 
and at the same time causes an elongation of the interpapillary 
processes ot the epidermis, until they are some eight or ten times their 
original length. 

The connective tissue of the corium swells and^ disappears, and 
its place is taken by a round-celled infiltration, which consists of 
leucocytes, Unna's plasma 'cells, mast cells, and 'connective-tissue 
cells. Giant cells are not found. The leucocytes are the ordinary 
polymorphonuclear leucocytes, while Unna's cells arc characterized 



Fig. 864. — Granuloma Inguinale. 

(From a photograph by Sambon.) 

by possessing a rounded nucleus, with a certain amount of [sur- 
rounding protoplasm containing basophile granules. The connec- 
tive-tissue cells are spindle-shaped. The cells of the epidermis are 
modified over the papule |by becoming swollen, hyaline, and show- 
ing mitosis. The stratum granulosum fails to develop its kerato- 
hyalin granules, and eventually disappears halfway up the papule, 
as does the stratum corneum, so that on the summit jthe different 
layers of the epidermis cannot be differentiated. 

There is neither caseation nor suppuration, but in the older parts 
ot the specimen the cells of the infiltration become swollen and 
disappear, and in their place there appears cicatricial connective 
tissue, which causes the papule to shrink and the whole area to 
assume a scar-like appearance. 
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Symptomatology. — The disease in the male begins on the penis, as 
a rule, as a papule or small nodule, which extends over skin and 
mucosa by peripheral growth, which is aided by the formation of new 
papules and nodules at the growing margin and in the healthy skin. 

It grows into the groins, causing the hair to fall out, and between 
the scrotum and the thighs, and from thence backwards into the 
perineum and around the anus, into which it may pass. 

When fully developed, it appears as a mass of nodules or papules, 
without deep ulceration as a rule, but with a thin, offensive dis- 
charge. In the older regions it shows some attempt at healing in the 
formation of dense scar tissue. There is very little pain or pruritus. 

In the female the process begins as a papule on the labium minus, 
and then extends jinto the vagina, along thc; perineum, around the 



Fig. 865. — Granuloma Inguinale. 
(From a photograph by Sambon.) 


anus, and up the rectum, and into the groins. The growth extends 
into the tissue between the rectum and the vagina, and may give 
rise to rectovaginal fistulas. The whole growth is also much more 
liable to ulcerate in the female than in the male. 

The lesions may become oedematous, and present an appearance 
analogous to elephantiasis. 

Bonne and Verhagen have described a case in which the disease after a 
time attacked the upper lip and alas nasi. 

Varieties. — Daniels lays stress upon the fact that the disease 
varies much in different races. In negroes it is more granular, and 
spreads farther; in Indians it is less marked; in Fijians it is softer; 
and separate areas more common. | 

Diagnosis. — It is most likely to jbe confused with syphilis, lupus, 
and epithelioma. From syphilis it can be differentiated by the 
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absence of ithe secondary eruption and the inefficacy of mercurial 
treatment. Lupus is very rare in such situat ions, and m epithelioma 
the lymphatic glands would he early infected. In doubtful cases 
microscopical examination of a piece of the diseased tissue will 
enable the diagnosis to be made from lujnis as well as from 

^^PrognS — The disease as a rule does not affect the general 
health, but is extremely chronic, lasting for years. 

Treatment. — Tartar emetic, though not efficacious in every case, 
should always be given a thorough trial. The treatment is carried 
out in the same way as for cutaneous leishmaniasis (see p. 2173). 


Tartar emetic was first used in granuloma, inguinale in 1913 by Arago, 
Vianna, and De Souza Araujo. Breinl and Priestley confirmed the work of 
these observers in a case in Australia, and very shortly after Newham and 
Low in a case in Europe. Low, however, reported later on a complete failure 
of the tartar emetic treatment in another case. 

Greig and Curjel consider that tartar emetic benefits the condition onb* 
when given in very large doses; according to them the drug acts, not as a true 
specific, but as a general protoplasmic poison. 

The best local treatment is radiotherapy with X rays, which has been found 
quite succesvsful in Madras. If these are not available, antiseptic lotions should 
be applied, and then portions excised, or the diseased areas may be scraped 
and then cauterized. Conyers and Daniels recommend the application of 
an ointment of salicylic acid (gr. xxx.), unguentum creosoti (§i.). 

Certain observers claim to have had good results with salvarsan and neo- 
salvarsan. The technique of the treatment has Ix'en described in the chaptei 
on Frambne, li.'. (o. r 3^0). Large doses of potassium iodide arc said to be useful. 


PAPILLOMA INGUINALE TROPICUM. 

Synonym. — AcanHioma Inguinale (Castellani). 

A ])cculiar papillomatous affection of the inguinal regions is not 
rare among Tamils. Further experience will probably show that 
other races are also affected. Women are apparently more liable 
to the disease than men, inasmuch as, altliough the number of male 
patients in the Colombo Clinic and hosjiitals is much larger than 
the number of female patients, not a single case has been detected 
among men. 

Symptomatology.— One or both inguinal regions are occupied by 
extremely numerous tall filiform vt^getations of a pinkish or darkish 
colour. No ulcerative lesions are present. There is neither pain 
nor pruritus. The general health does not seem to be affected. The 
affection is very chronic, and is probably contagious, but nothing 
is known of the aetiology. In the cases so far observed the genital 
organs of the patient were normal, and there was no history of 
gonorrhoea or any other venereal disease. 

Treatment. — The treatment is surgical — removal of the vegeta* 
tion by the knife and cauterization. The patient, as a rule, how- 
ever, will not consent to the operation. 
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CHAPTER XCVI 

THE DERMATOZOIASES 

Classification — Hexapodc cicrmaiilcs — Creeping eruption — Circinate creeping 
eruption — Dermatitis macrogyrata — Chilopode clermatites-— Acarine der- 
ma tites — Copra itch — Grain itch — Scabies — Nematode dermatites — 
Cestode dermatites — References. 

CLASSIFICATION. 

The term ' dermatozoiasis/ in the widest sense of the word, means 
any skin disease of animal origin, but it is usually restricted to 
indicate those skin lesions which are caused by metazoan parasites. 
Used in this restricted sense, dermatozoiasis includes:- — 

I. Hexapode dermatites. 

IL Chilopode dermatites. 

III. Acarine dermatites. 

TV. Nematode dermatites. 

V. Cestode dermatites. 

I. HEXAPODE DERMATITES. 

The Hexapode Dermatites include the lesions of the skin caused 
by either the bites, the stings, or the presence of the larvae or the 
pregnant female of various species of the Hexapoda. 

These hexapode dermatites may be divided into four classes; — 

1. Dermatites caused by bites of the adult. 

2. Dermatites caused by blistering fluids excreted by the 

adult. 

3. Dermatites caused by stings of the adult. 

4. Dermatites caused by the presence and bites of the larvae. 

5. 13ermatites caused by the presence of the imago. 

||i. Dermatites caused by Bites of the Adult. 

These lesions are most commonly due to bites of species of the 
families Pediculidae (p. 753) ; Clinocoridae (p. 762) ; Anthocoridae 
(p. 766) ; Reduviidae (p. 767) ; Aradidae (p. 770) ; Culicidae (p. 774) ; 
Psychodidae (p. 806) ; Simuliidae (p. 810), Tabanidae (p. 817) ; 
Muscidae (p. 831), and by species of the orders Siphonaptera (p. 837) 
and Hymenoptera in which comes the family Formicidae, or ants 
(p, 222). 
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The bites of these insects are either considered in pp. 223-226, or 
in the references given above, and need not be further considered, 
except with regard to the Pediculidse. which cause the dermatosis 
called Pediculosis. 


Pediculosis. 

Synonyms. — Phthiriasis, Vagabond's disease. 

Definition. — Pediculosis is a term applied to the various lesions, 
primary and secondary, induced by the bites of Pediculus humanus 
Linnaeus, Pediculus corporis de Geer, 11778, Phthirius ptihis 
Linnaeus, 1758 (pp. 755 - 757 )* 

Remarks— Pediculosis is extremely common in the tropics, 
where it is an everyday sight to sec the lower-class natives busily 
employed in killing the lice in their friends’ heads. It is also 
commonly present in all armies on active service, and as lice are 
carriers of such diseases as typhus, relapsing fever, and trench 
fever, etc., they have assumed a very important position in the 
recent war. 

.®tiology. — Pediculosis is due to the irritation caused by the 
venom injected during the bites of the three species of lice mentioned 
in the definition. 

Pathology. — The mouth parts of a louse consist of two tubes 
one inside the other ; the outer chitinous tube, called the proboscis, 
is composed of the fused labrum and labium, and is armed with a 
collar of minute curved booklets, while the inner membranous tube 
is composed of the maxillai and mandibles, and is called the suctorial 
tube. When about to bite, the louse inserts its hard proboscis into 
a sweat duct, everts its small booklets, and thus obtains a hold 
upon the skin. It then protrudes the suctorial tube, which it 
drives deep into the skin of the host until it reaches the blood. It 
is during this process that it probably injects the venom from its 
salivary glands, but the nature of this poison is quite unknown, 
although its presence is with reason suspected owing to the pruritus 
caused by the bites of the lice. 

Having reached the blood, it proceeds to fill itself to repletion, 
pumping the blood into its alimentary canal by means of the 
chitinous pharyngeal pump. After feeding, it withdraws its pro- 
boscis, and the blood fills up the orifice and coagulates, forming a 
minute red papule. Considerable pruritus is now felt, and the 
victim scratches vigorously to relieve this sensation, and often 
produces marked excoriations, which may become secondarily 
infected with the common pyogenic cocci, causing purulent lesions. 
Repeated biting, associated with injection of the venom, and 
constant scratching, leads to pigmentation of the skin, causing 
the so-called pityriasis nigra of Willan, or melanoderma pediculis. 
If this process is continued, the skin becomes thickened and deeply 
pigmented, and forms the so-called ' vagabond’s disease.’ The pig- 
mentation is naturally not observable in very dark skins, and may 
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not be so entirely dependent upon the snatching as is usually 
stated, but may be, in part at least, caused by the venom. 

Symptomatology.— The essential symptom is pruritus, which 
need not be localized, but may be general, accompanied by the 
presence of the minute papules with bright red centres, but this 
simple picture is generally complicated by the erythema or e^ 
coriations set up by the scratching induced by the pruritus, and 
this again may be complicated by the appearance of pustules, 
due to secondary pyogenic infections, which dry and leave scabs. In 
these cases the neighbouring lymph glands are usually enlarged. V ery 
rarely may pediculosis give rise to general symptoms, such as fever. 

Varieties. — Three clinical varieties of pediculosis are described — 
viz., pediculosis capitis, pediculosis corporis, and pediculosis pubis. 

Pediculosis capitis is caused by Pediculus humanus Linnaeus, 
1758, which, though usually confined to the hairy regions of the 
head, may rarely be found in other parts of the body. They are 
grey on Europeans, and brownish or even black in colour upon dark- 


skinned natives, and are said to be yellow on Chinese, and orange- 
coloured on Hottentots. They often infect European ladies, prob- 
ably coming from the native ayahs, and thus a very dark pediculus 
may be found on a fair European. They cause intense irritation of 


the head, and may give rise to secondary impetiginous lesions and 
enlargement of the lymphatic glands, especially those of the back 
of the head, and in very dirty people with long hair they may cause 
the peculiar condition of matted hair called ‘ plica polonica.' 

Pediculosis corporis. — This is caused by Pediculus corporis de 
Geer, 1778. These pediculi live in the clothing, especially in thick 
seams, and are therefore to be found on natives in the region of the 
waist, where the clothing is twisted into a thickish roll. In Euro- 


peans the most common site for their attacks is the back of the 


shoulders, where the small papules with the bright red centres and 
the linear scratches may be seen. 

Pediculosis pubis. — Phthirius pubis lives wherever there are 
large thick hairs — viz., on the hairs of the pubis, or the eyelids 
or eyebrows, and of the beard and armpits. Here again it is accom- 
panied by the characteristic signs. In addition, Morrison’s spots 
or maculae ceruleae may be seen in the form of small, roundish or 
oval ^eyish-blue rnaculae, which are thought by some authorities 
to arise from the pigment on the thorax of the louse opposite the 
anterior pair of legs, but which more probably arise from the action 
of the venom. The reddish deposits seen on the hairs are said to 
be the faeces of the parasite. The eggs may be seen as small, oval 
bodies attached to the hairs. 


Diagnosis. — The diagnosis depends upon the history of pruritus 
of a more or less severe type, usually worse in some given region, 
and by the appearance of scratches associated with the little papules 
and the discovery of the lice on the body or in the clothing, which 
must be that usually worn by the patient. The rare diffuse pig- 
mented forms of pediculosis may be mistaken for Addison’s disease 
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or the suprarenal form of malaria, but may be recognized by the 
finding of the lice, the non-diminution of the muscular power, 
and by the presence of the pruritus. From scabies it may oe dis- 
tinguished by the lack of lesions on the hands and wrists, and the 
absence of the sarcoptes. 

Treatment.-— capitis maybe treated by soaking the hair 
with petroleum (care being taken not to approach a light), followed 
by a good wash with soap and water, the whole process being re- 
peated in twenty-four hours. Another method is to sponge the 
hair httle by little with carbolic acid (i in 40), or soak long hair in 
carbolic lotion (i in 80) followed by a good wash with soap and water, 
and later by a lotion of acetic acid (25 per cent.), used to loosen the 
eggs, which are then removed by the use of a small-toothed comb. 

Another method of killing the parasites is by dabbing the hair with 
xylol, remembering, however, the danger of fire with this inflam- 
mable substance. 

Impetigo contagiosa may be treated by an ointment composed 
of ammoniated mercury (5 grains) and lard (i ounce), and in 
children the hair may be cut and this ointment may be applied. 

Pediculosis corporis . — The clothing and the bedding must be 
disinfected by steaming or boiling, and the patient must have 
several large baths, with free use of soap and water, as well as a 
soothing calamine lotion (40 grains calamine to i ounce of water) 
for application to the irritated skin. Lice destruction is more 
fully detailed on pp. 1338, 1339. 

It is important to remember that the eggs of P. corporis are often 
attached to the lanugo hairs. Merely cleaning the clothing is often 
useless. Rub or spray the whole body with paraffin and take a 
warm bath. 

Martini recommends a depilatory consisting of strontium sulphate 2 parts, 
zinc oxide i part, talc i part. This is mixed with a little water and applied 
as a paste for ten minutes, when it is removed and some olive oil used to 
soothe the irritation. 

Pediculosis pubis . — A white precipitate ointment (5 to 10 per 
cent.) or an ointment of oleate of mercury (5 per cent., 6 drachms) 
with ether (2 drachms) will kill parasites and ova, after which cala- 
mine lotion may be applied to allay the irritation. 

Cllnocorosis. 

Bugs produce wheals, with central red spots surrounded by zones of hyper- 
aemia. A solution of menthol (5 grains in i ounce of rectified spirits) will 
relieve the irritation; or, if the area has been scratched, the application of 
a lotion of carbolic acid (i in 40) is preferable. As regards prophylaxis, see 
P- 765- 

Siphonapteriasis. 

Flea-bites are characterized by small red papules with dark red centres, 
and are to be distinguished from the maculo-papules of enteric fever, which 
disappear on pressure. The linen of a person probably suffering from flea- 
bites should be inspected for the brown faecal marks made by the fleas. For 
further details, see pp. 857 and 908. To keep these pests away, some powdered 
camphor may be used. 
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Formiciasis. 


Ant-bites usually only produce local pam, inflammation, and swelling; but 
the larger tropical ants may cause faintness, shivering, and even temporary 
paratysfs by their bites. In'Ceylon the very small ants, w^h infest the beds, 
produce urticarial pomphi. These bites are best treated by applying a 
Solution of carbolic acid (i in 20), and as a preventati^ve agmnst ants infecting 
beds some powdered camphor may be dusted in the sheets (see p. 222). 


2. Dermatites caused by Blistering Fluids excreted by the Adult. 

The insects which act in this manner are the well-known ^ blister 
heeths * {vide p. 226), which cause the eruption called ‘ Seasonal 
bullous dermatitis’ (synonym, Seasonal vesicular dermatitis], which 
we will now describe. 


Seasonal Bullous Dermatitis. 

Definition. — Seasonal bullous dermatitis is characterized by an 
epidemic of bulhe of varying size and shape in healthy people at a 
definite season of the year. The bullae or blisters are followed by 
sensations of itching, burning, or pain, and are caused by blister 
beetles. 

Historical. — Beetles have been known to cause blisters and 
eschars on the skin since the days of Archigenes, a contemporary of 
Celsus, or, according to other authors, since the time of Aretseus 
the Cappadocian. Pliny says that authorities differ as to the origin 
of the blistering fluid, some thinking thatit comes from the mouth 
and others from the feet. Moffat, in 1634, wrote a long chapter on 
these insects, and Linneeus, Fabricius, and Latreille gathered to- 
gether quite an amount of information on these beetles and their 
varieties. 

In 1890 Beauregard wrote a large book on ‘ Lcs Insectes Vesi- 
cants,’ but notwithstanding all this ancient and modern knowledge 
works on tropical medicine werti singularly silent on the subject. 

In igi2 P. Da Silva drew attention to an outbreak of this eruption 
among cultivators on the banks of the rivers Sao Francisco, Itapi- 
curu, and Jacnricy, in the interior of Bahia, which was traced to a 
vesicant beetle, Pcederus columbines. In 1913 Adolf Eysell men- 
tioned P. peregrines as the cause of the same eruption in the island 
of Sunda, in the Malay Archipelago. In 1915 Rodhain and Houssiau 
saw the disease in Leopoldville, in the Belgian Congo, and Bequaret 
at Boma. In 1916 P. A. Ross noted it at Nairobi, in British East 
Africa, and in 1917 Chalmers and King gave an account of its occur- 
rence in Khartoum, Anglo-Egyptian Sudan. 

etiology. — The blisters are caused by the fluid which exudes from 
the joints of the legs, especially the so-called knee-joint of certain 
species of insects belonging to the order Coleoptera Linnaeus, 1735, 
and to the families Staphylinidee Leach, 1817, and Cantharidee Leach, 
1817. The following is a list of those known to cause the complaint, 
though doubtless many more insects can do so equally well: — 
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SfaphylinidcB : — 

Pc^derus columbinus de Laporte, 1832. 

Poderus peregrinus Fabricius, 1801. 

P(Bderus cerehripunctahis Epp (?).l 

CantharidcB :• — 

Epicauta sapphirina Macklin, 1845* 

Epicauta tomentosa Macklin, 1845. 

The seasonal occurrence is due to the fact that the adult insects 
are only present for a limited period in the year, the remainder of 
which is occupied by the long and complicated development. 

Symptomatology. — So long as the insect merely walks over the 
skin, and is not irritated, it does no harm. If, however, it starts to 
crawl up the arm, down the neck, or up the '.rousers, it is soon 
annoyed by the clothing and excretes the blistering liquid. 

If only a small quantity of this llidd is elected, then only a single 
small bulla may form, but if the insect moves a series of these may 
be produced. If, however, the blistering fluid is well rubbed into 
an area, then an eschar forms, with considerable surrounding irri- 
tation. Occasionally, instead of a series of blisters, one long 
blister may extend a considerable distance along the forearm or 
down the back. 

Usually there are no immediate symptoms, and it is only after an 
interval of twelve to twenty-four hours that an itching or burning 
sensation, or even severe pain, invites attention to the affected area, 
when the blister or blisters, varying in size and number, as already 
stated, arc to be found full of yellowish serum and situated on an ery- 
thematous areola. 

As a rule the victim does not see the insect and may not remem- 
ber one crawling on him, and he may be entirely at a loss to account 
for the blisters. It is here that the difficulty of diagnosis arises in 
that tlie practitioner may see only one or two cases, and at the 
moment may not think about these insects. 

If pricked and carefully treated, they quickly vanish and cause 
no further trouble; but if they burst, and are allowed to be rubbed 
by the clothing, they become raw, very tender, and painful — a con- 
dition which may last for days. 

More rarely a considerable portion of the blistering liquid ap- 
pears to get well rubbed into one spot, and then a small white 
eschar is formed which may be surrounded by an extensive in- 
flammatory areola, with its surface raised above the central necro- 
tic area and covered with numerous small red papules. The whole 
region becomes very painful and tender, and some couple of weeks 
elapse before healing is completed, which generally takes place 
without any cicatrization. Secondary septic infections are rare. 
After being en evidence for some three to four weeks, the beetles 
disappear and the epidemic ceases for the year. 
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Diagnosis. ^The characteristic features of season.' 1 bullous 

dermatitis are as follows ! , , n ... 

I The sudden appearance of buUse, varying m size and number, 
surrounded by a certain amount of inflammatory r^ness. 

2. The persons in whom the bulk are found axe usually m 
good health, and as a rule they are unable to assign a cause for 

the eruption. r. • ^ 

j. The bullae are single or grouped together, often m a-row. 

4. There is no tendency to bilateral symmetry. 

5. In a given individual usually only one region of the body is 
affected. 

6. A number of healthy people living in the same place may be 
similarly affected at the same time. 

7. The bullae only appear during a certain season of the year. 

The differential diagnosis requires to be made from the following 

accidents and diseases causing bullae : — 

1. Seasonal bullous dermatitis may be readily separated from 
the bullae caused by burns and scalds, and by chemicals, by the 
history of the case, 

2. It has also to be differentiated from the various forms of 


Hydroa as follows: — 

(a) It can be separated from the milder forms of dermatitis 
herpetiformis by the absence of severe itching and of circinate and 
papular erythematous lesions, and by the absence of the tendency 
of the bullae to be grouped like herpes. 

(b) From the rare form of dermatitis herpetiformis called hydroa 
pruriginosa it can be diagnosed by the larger size of its bullae, 
which do not appear in successive crops. 

(c) From dermatitis recurrens it can be distinguished from the 
hiemal variety by only appearing in warm weather, and from the 
aestival in not being papulo-vesicular in character. ; 

3. It may be differentiated from herpes zoster by the absence 
of severe pain, lasting for tliree to four days before the appearance of 
the eruption, and by the non-distribution of the bullae in Head's areas. 

4. From Acute Pemphigus it is easily separated by the absence 
of the severe constitutional symptoms. 

5. It can be recognized as distinct from dermatitis venenata, 
due to plants, by the absence of the marked oedema and erythema, 
which generally attack the face, hands, and genitalia, and by the 
presence of bullae. 

6. It is easily separable from Dermatitis caused by mites, as 
these give rise to smaU wheals and vesicles, and not to bullae. 

7. Ant and tick bites, stings of wasps, bees, scorpions, centipedes, 
etc., are at once differentiated because the eruption in the present 
instance is bullous. 


As the eruptions described by Rodhain and Houssiau and by Ross 
are stated to be vesicular, it is possible that these may be differen- 
tiated clinically from this bullous type, while it certainly is not 
so severe as the eruption described by P. Da Silva, in that ulcera- 
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tion and cicatrization are absent, but perhaps these tnay be only 
differences in details and not in essentials. 

Prognosis. — This is good. Cases recover fairly rapidly and as 
a rule without cicatrization, hence the outlook as regards rapidity 
of cure and the absence of scarring is good. 

It will, however, be remembered that P. Da Silva describes a much 
severer form of dermatitis than that mentioned here, and that 
this was followed by cicatrization. 

Treatment. — The best treatment is to prick the blister and apply 
a dressing of i in 80 carbolic acid, but the majority of the victims 
just let the lesions alone, and they heal up rather more slowly than 
when treated and are more painful. If they become rubbed, they 
are often vory painful. 

3. Dermatites caused by Stings of Adults. 

Stings are mainly caused by species belonging to the family 
Apidae of th^Hymenoptera, which includes the bees and wasps. 
A description of these stings will be found on pp. 219-222. 

4. Dermatites caused by Larvae. 

The larvae of various species of the (Estridae and Muscidae are 
compelled to undergo their development in the skin of some warm- 
blooded animal, and as these are plentiful, as a rule the flies do not 
attack man, who only occasionally suffers from their effects, and 
when he does the pathological condition is usually named dermal 
myiasis (p. 1631). Other larvae — as, for example, that of Auchmero- 
myia luteola Fabricius, 1805 — are blood-suckers. 

Blood-sucking Dipterous Larv^. 

Only a very few blood-sucking dipterous larvae are known, and 
these belong to two genera, which may be distinguished from one 
another as follows: — 

A. Abdomen long and narrow, with unequal segments and 

distinctly longer than the thoTdi,x—Auchmerofnyia Schiner 
and Bergenstamm, 1819. 

B. Abdomen short and broad, with equal segments and but 

little longer than thorax — Charomyia Roubaud, 1911. 

There are two species belonging to the last-named genus — viz: — 

Cheer omyia chcerophaga Roubaud, 1911. 

Chceromyia honeti Roubaud, 1911. 

Neither are known to attack man. They live in the burrows of 
the wart-hog and the ant-bear in the Sudan. There are also two 
species belonging to Auchmeromyia — viz: — 

Auchmeromyia luteola (Fabricius, 1805), 
Auchmeromyia pragrandis Austen, 1910. 

Both these may attack man. 
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Auchfneromyiu luteola (Fabricius, 1805) lays its e^gs in soil con- 
taminated with faecal matter or urine around or inside native huts 
in the Congo (hence its name Congo floor maggot), Central and 
Northern Mozambicjue, Eastern Transvaal, East Africa, Nyassaland, 
and Kordofan. The larva, escaping from the egg, seeks the cracks 
and crevices in the mud floors of these huts or pass into dirty native 
mats. When hungry, these larvae are thermotoxically drawn to a 
temperature of 38° C., and hence they attack man, both biting and 
sucking blood. When replete, the researches of Roubaud show that 
they are no longer thermophilus. Under favourable conditions the 
larvae become pupae in some fifteen days, but under unfavourable 
circumstances larval existence may be prolonged for seventy-six 
days. Only the larvae are blood-suckers, and they may be killed 
by sprinkling the floor with Jeyes' fluid. 

Auchmeromyia preograndis Austen, 1910, is found in South Africa. 

Irritatinc; Lepidopterous Larv^. 

The larvae or caterpillars of many genera of Lepidoptera are well 
known to possess tegumentary glands, which secrete an irritating 
fluid, which passes from the gland to hollow hairs. These are the 
instruments by which the caterpillar injects this fluid into the skin, 
causing erythema and irritation. 

White gives long lists for Europe and America, while Wellman has 
studied the subject in Angola, where he mentions larvae belonging 
to the Arctiidae, Limacodidae, and Liparidae, and gives details con- 
cerning one — viz. :< — 

Ochipia is a native name signifying ‘that which burns,’ and is 
applied to the larvae of the tiger-moth, which is very irritating. 

Irritating Coleopterous LARViE. 

Wellman says that in Angola there is a coleopterous larva called 
Ochisia (Noli me tangcre), which possesses bristles which can pene- 
trate into the sole of the foot and cause pain, inflammation, and 
sloughing. It is related to the genus Drilus, of the Malacodermata. 

Dermal Myiasis. 

This subject has been discussed in Chapter LXVII., p. 1631, and 
need not be further mentioned, except to invite attention to Baier’s 
work, published in 1740, entitled ‘ De generatione insectorum in 
corpore humane,’ and Clarke’s paper in 1797 to the Linnaean Society 
of London, establishing the relationship between the larvae and the 
adult insects in the (Estridae. Smith’s paper at the 1881 Inter- 
national Medical Congress is also of interest. 

Creeping Eruption. 

Synonyms. — Larva migrans. Bulgarian : Nova Bolest, Pulziasta 
Bolest. German : Hautmaulwarf. Northern Nigeria : Larbish or 
CErbiss. 
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History, — I'his disease was first described ;by A. Lee in 1875. 
Later on, Procke, Blanchard, Topsent, Fulleborn, Macfie and others 
have recorded several cases. It is not rare in some parts of Europe, 
Africa, and Asia, and in South America. We have seen numerous 
cases in Ceylon. It is extremely .rare in North America. ! 

.ffitiology and Pathology. — Larvae of the genera GastrophiUts, 
G, hcBMorroidalis and G. nasalis, (Esiromya satyrus, Hypoderma 



Fig. 866. — Larva Migrans. 

bovis, and H. linoata have [been found in several cases. In others 
no larva whatever 'wasjfound. Looss states that jthe same clinical 
picture may be caused occasionally by ancylostoma and strongy- 
loides \Anguillula) larvae, or even by an inanimate "object like /a 
piece of horsehair. 

Symptomatology. — The eruption is characterized by the presence 
of a narrow raised red line, ^ to i inch broad. This line extends 
daily one or several inches, and is generally sinuous, but may be 

139 
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straight. While the advancing end progresses, the opposite end 
slowly fades away. The duration of the malady is long — generally 
several months, but occasionally two or three years. There is much 
pruritus. 

Treatment.- — Hypodermic injections of various disinfectants 
have been fried with little success. Hutchins recommends a 
cocaine injection, followed by the injection of i or 2 drops of 
chloroform. 


Circinate Creeping Disease. 

In Ceylon cases are met with of a peculiar eruption, which is 
possibly of the same nature as the creeping disease previously 
described, though larvae were not found. 

The condition is characterized by the presence on the back of 
the hands of a ringed eruption, with markedly elevated, thick, 
angry, red borders. In all the cases the eruption started suddenly 
after the patient had been gardening and handling turf. There 
may be one ring or several. The skin inside the rings is normal. 
The rings expand excentrically. The patients complain of the 
extreme irritation, and in all the cases stated that they felt some- 
thing creeping along the red circles, as though a worm had got 
inside in handling the turf. The duration varies, but it generally 
does not exceed two or three weeks. 

^tiology. — The eruption docs not appear to be a form of derma- 
titis venenata, due to touching certain plants and vegetables. 
Possibly it is due to some larva entering the skin, but so far the 
search for larvae has been fruitless. No trichophyton-like fungus 
is present. \ 

Treatment. — Liq. plumbi and other soothing applications are 
generally useless. The best results are obtained by continuously 
applying on lint a diluted alcoholic solution of resorcin: — 

Resorcin . . , . . . . . gi. 

Sp. rect. . . . . gii. 

Aq.dest. . . . . . . . . ad Jxii 


Dermatitis Macrogyrata. 

Dermatitis macrogyrata is a rare condition found in Ceylon and 
South India, of unknown causation, and characterized by the 
presence on the palms of the hands of one or two very large gyra- 
tions formed by scaly and crusty lesions. On removing the crusts 
and scales a broad shallow furrow can be seen situate in the epi- 
dermis. The eruption is associated with pain, sometimes severe, 
but there is seldom any pruritus. The condition is most persistent, 
and in our cases neither fly larvae could be found nor fungi isolated. 
In none of our cases was there history of syphilis, and potassium 
iodide and mercury had no effect. The treatment is most unsatis- 
factory. Antimycotic [substances, such as chrysarobin and tincture 
of iodine, have no effect. The application of a lotion of liquor 
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plumbi (3ii.)> tincture of opium (3i.) diluted with 8 ounces of water, 
or of dressing soaked in o*5lperj cent, oflresorcin, may cause a slight 
improvement. 



Fig. 867. — Dermatitis Macrogyrata. 


5. Dermatites caused by the Presence of the Imago. 

At .times the impregnated |female insect burrows into the skin 
while the eggs meiture. 

A good example of this is Dermatophilus penetrans Guerin, 1838. 

Dsrmatophiliasis (Jigger). 

Synonyms. — Nigua (Honduras), Chique (Salvador), Chica (Colum- 
bia), Bicho, Tunga (Brazil), Pique (Argentine), Chique (French 
Colonies) . 

Definition. — Dermatophiliasis is the invasion of the skin and 
subcutaneous tissue by the pregnant female jigger {Dermatophilus 
penetrans ) . 

Remarks. — The home of tb " jigger is in tropical America, from 
23° N. to 28° S., but it and its wanderings over the world have been 
sufficiently described on p. 862. At present it is found in South 
America, West and East Africa, Madagascar, Uganda, India, and, it 
is said, China. 

Pathology. — The pregnant female jigger pierces the skin obliquely 
near the nails and between the toes, but it may occur in any part 
of the foot, and even on the arms, scrotum, and face. All but the 
last two segments are embedded in the skin. These last segments 
plug the orifice and discharge the eggs. 
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symptomatology. -Thejmptom^^ 

SteifX'fhc toe-nail. On inspection, a small dart dot (the last 
two abdominal segments of the parasite) is noticed in the skin. f 
left alone, painful inflammation and suppuration develops around 
the distended abdomen of the parasite, giving rise to a swelling 
which may attain the size of a small pea, in the centre ot which is 
seen a depression containing the black dot, and, finally, ulceration 
takes place, and the body of the parasite is thrown off; but not 
until all the eggs are laid. 



Fig. 868.— Dermatophiliasis. (After Newstead.) 

a, Group of jiggers; b, isolated jiggers; c, pits left by jiggers; 
d, lateral view of jiggers deep in the skin. 

When the parasite has been dislodged by treatment or suppuration, 
a small ulcer is left, which is very liable to septic or other bacterial 
infections. These infections may lead to phageda?na, gangrene, and 
tetanus. When the feet are badly affected, walking is impossible, 
which is of especial importance in carriers and native troops. 

Treatment. — The treatment isthe careful removal of the little insect 
with a clean needle, after rubbing weak carbolic ointment (i per cent.) 
or lotion (i to 2 per cent.) into the foot, and cleansing and dressing the 
little wound antiscptically with a lotion of perchloride of mercury. 
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In cases of heavy infection, Quir6s recommends the use of petroleum, or 
of an ointment consisting of salicylic acid i part, ichthyol 4 parts, vaselin 4 
parts. 

Prophylaxis. — Prophylaxis consists in keeping the house clean, 
and pigs, poultry, and cattle kept away therefrom. High boots 
should be used, and especial care should be taken not to go to a 
ground'floor bathroom with bare feet. The feet, especially the 
toes and under the nails, sliould be carefully examined every morn- 
ing to see if any black dot can be discovered, when the jigger should 
be at once removed, and in this way suppuration will be prevented. 
It is advisable, also, to sprinkle the floors with carbolic lotion, 
Jeyes' fluid, or with pyrethrum powder, or with a strong infusion of 
native tobacco, as recommended by Low and Castellani. 

II. CHILOPODE DERMAIITES. 

Centipedes, when they bite, cause local itching followed by intense pain, 
which spreads over the whole limb when tb ' bite is on an extremity. A red 
spot appears at the site of the bite, and this enlarges and becomes black, and 
is sometimes associated with lymphangitis, adenitis, headache, vomiting, 
dizziness, irregular pulse, and mental anxiety. 

The treatment is to bathe the parts with a solution of ammonia (i in 5 
or I in 10), and to apply a dressing of the same solution, and if there is much 
swelling an ice-bag, while if the pain is severe, an injection of morphia may be 
necessary; while later, fomentations arc required for the local inflammation 
(sec also pp. 217-218). 

III. ACARINE DERMATITES. 

The A carine Dermatoses include the skin lesions caused by the ticks 
andmites. The tick bites are described on pp. 2 15 and 217. Themites 
(pp. 690-693 and 724-732) which most commonly attack man are: — 

Dermanyssin^e. 

Dermanyssus gallince de Geer, 177^- 

DermanyssushivHdinisYLQxm^nn, 1804. — These mites produce 
a papular eczematous dermatitis in poultrymen. 

Holothyrus coccinella Gervais, 1842, cause a swelling in the 
part attacked. 

TROMBIDIDiE. 

Microtrombidium akamushi Brumpt, 1910, is the cause of 
Tsutsugamushi disease. 

Microtrombidium holosericeum Linuceus, 1746, has a larva 
[Leptus auUimnalis) which causes irritation in England in 
the autumn, and is called the harvest mite. As a fairly 
effective preservative for this pest the following may be 
used: — Oil of lavender ntviii., spirit of camphor n^xxx., 
oil of eucalyptus 3i., soap liniment ad §i. 

Trombidium tlalsahuate Lemaire, 1867, is the tlalsahuate of 
Mexico, which, with the allied species called the balata 
mite of theGuianas, are well-known plagues, burrowing into 
the skin, and causing intolerable itching and painful little 
blisters; but the zoological names of these, as well as of the 
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* pou d’agonte* of Guiana, the * niaibi ' of New Granada, the 
' Colorado ' of Cuba, the * mouqui * of Para, and the ' bete 
rouge * of Martinique and Honduras, are not known. 

Tromhidium wichmanni Oudemans, 1905, is the gonone of 
Celebes, whose larvae attack man, burrowing into the skin 
as just described above. 

Tromhidium vandersandei Oudemans, 1905, is the gonone of 
New Guinea, which acts like T. wichmanni. 

The Leptus stage of an unknown Tromhidium is reported 
in North Queensland. 

TETRANYCHIDiE. 

Tetranychus molestissimus Weyenbergh, 1886, causes severe 
itching in the Argentine and Uruguay during the months 
December to February, by thrusting its hypostome into 
the skin, and thus causes ‘ Bicho-colorado itch.* 

EUPOPIDiE. 

Tydeus molestus Moniez, 1889, is the cause of ‘ Guano itch.* 

Tarsonemid^. 

Pediculoides ventricosus Neuport, 1850, is the cause of 'grain 
itch,* and being a parasite of the pink bollworm of cotton, is 
found in cotton infested with this pest, and from this 
source has attacked persons handling the infected cotton in 
Egypt and England. 

Tarsonemus uncinatus and T. iniectus are also known to 
attack man. 


TYROGLYPIIIDiE. 

Tyroglyphus longior Gervais var. castellanii Hirst, 1912, is the 
cause of ‘ copra itch.* 

Tyroglyphus siro Linnaeus, 1758, and Aleurohis Jarinca de 
Geer are believed to be the cause of 
vanillismus. 

Glyciphagus prunortim Hermann is the 
cause of ‘ grocer’s itch.* 

Rhizoglyphus parasiticus Dalgetty, igoi, 
is the cause of a type of so-called 
‘coolie itch’ of the feet. Bell states 
that it causes a large circular super- 
ficial sore on the sole of the foot. 

This is produced by numbers of the 
parasite invading the skin. 

SARCOPTIDiE. 

Sarcoptes scahiei var. hominis Linnaeus, 

1758, is the cause of scabies in man. 

In addition to this common parasite, 
there are several varieties, usually 
occurring in the domestic animals, 
which may at times attack man — e.g., Sarcoptes scahiei var. 
cams, found in the dog; S. scahiei var, ovis in the sheep; 
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S. scabiei var. equi in the horse; S. scahiei var. suis in the 
pig; 5 . scahiei var. auchenia in the lama; S. scabiei var. 
cameli in the camel. 

Notoedres cati var. cati Hering, 1838, found in cats, may occur 
in man. 

Demodicid^. 

Demodex jolliculorum Simon, 1842, is said to be the cause of 
certain inflammations in seborrhoea. Some authors con- 
sider them to be of importance in the carriage of certain 
diseases, such as leprosy and cancer. 

Rarer Acarince, which attack man occasionally, are Trombidium 
stfiaticeps Heim and Oudemans, 1904, on fowls and dogs; T. ameri- 
canum Riley and T. irritan ; Metatrombidium poriceps Heim and 
Oudemans, 1904, on fowls and dogs; Microtrombidium meridionale 
and M. pusillum Hermann. 

Copra Itch. 

Definition. — A very pruriginous dermatitis, found in people 
handling copra, and caused by Tyroglyphus longior Gervais ^var. 
castellanii Hirst (p. 729). 

Historical and Geographical. — I'his dermatitis was described by 
Castellani in 1911, who observed it in Ceylon in people handling 
copra, and considered it to be due to an acarus-like parasite, swarm- 
ing in many samples of copra. He sent the specimens of the para- 
site to Hirst, who described it as a new variety of Tyroglyphus^ 
Tyroglyphus longior Gervais var. castellanii Hirst. 

Castellani's researches have been recently confirmed by Graham 
Little, Whitfield and Ditlevsen. 

etiology. — The 
mite is present in 
huge numbers in 
certain samples of 
copra, and may occa- 
sionally be found on 
the skin of the 
patients, but remains 
on the skin only 
temporarily, as it pjQ 3^0. — Microphotograph of the Tyrogly- 
does not bury itself. phus of Copra Itch. (X40.) 

It apparently induces 

the dermatitis in the same manner as Pediculoides ventricosus 
Neuport, which lives in diseased cereals, produces an eruption in 
persons handling such cereals. 

Experimental Reproduction. — When copra dust containing the 
mite is rubbed into the skin, itching frequently begins very shortly 
after, and twenty-four to forty-eight hours later an extremely 
pruriginous urticarial or papuloid eruption often develops. The 
same result is obtained by picking the mites out of copra dust and 
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placing them (alone, without any dust) on the skin und^ a covering, 
such as a piece of lint kept in place by a bandage. The pustular 
stage did not occur, but this being due to scratching and secondary 
pyogenic infections, there was no time for it to develop, all the 
people refusing to go on with the experiment after the second day. 
Some individuals seem to be unaffected by the presence of the 
mite or the copra dust containing it. 

Symptomatology.— The hands, arms, legs, and ’sometimes the 
whole body except the face, present fairly numerous, very prurigi- 
nous papules, often covered by small, bloody crusts due to scratch- 
ing; papulo-pustules and pustules are also generally present. The 
eruption has no tendency to spontaneous cure while the patient 
goes on working in the infected mills. 

Diagnosis. — On superficial examination the condition may be 
easily mistaken for scabies, but burrows are not present and the 
two parasites are very different. 

Treatment. — The best treatment is the daily application of 
/ll-naphthol ointment (5 to 10 per cent.). The action in these cases 
cannot b(^ compared to what takes x>lace in scabies, because in copra 
itch the acarus-like parasite remains for only a short time on the 
body, and in most cases when the ointment is apjdied at night the 
mites are no longer there. It may act as an antipruritic antiseptic, 
and in this way diminish scratcliing and secondeiry pyogenic in- 
fections. It is probable also that a small amount of the ointment 
may remain on the skin after the morning bath and be repellent to 
the mite, in this way preventing the daily reinfection which other- 
wise takes place. 

Grain Itch. 

Synonyms. — Straw itch, Barley itch. Dermatitis Schambergi, Urticarioid 
Dermatitis, Dermatitis Ditropenolus, Aiireoveridis, Acara Dermatitis iirti- 
carioides, Schamberg's disease. Straw-mattress disease, Cotton-seed Dermatitis. 

Definition. — Grain itch is a dermatosis caused by Pediculoides 
veniricostis Neuport, 1850 (vide Figs. 343-345, j). 728). 

History. — During the last fifty to sixty years this disease has been 
recognized in Europe, but only since 1901 in America, when Scham- 
berg described it. In 1909, Goldberger and Schamberg found that 
it was caused by the same mite as in Europe. Since 1914, when 
Willcock drew attention to the matter, it has been well known to be 
present in cotton seed infested with the pink bollworm, of which it is a 
parasite, and from which it has passed to man to Egypt and England. 

Climatology. — It is found in Algeria, where it is common, and in 
other parts of Northern Africa, in Italy, and it is said to occur in 
India. Cases have also been recorded from France, England, Austria, 
and Germany. In France there was an epidemic as long ago as 1850 
in Bordeaux. In 1867 some cases were found in the department of 
Indre and in 1872 in the Canton of Creon. 

.ffitiology.— The disease is caused by Pediculoides ventricosns 
Neuport, which usually feeds upon the wheat-straw worm (Isosoma 
grai^e Riley), the joint worm (Issoma triUci Fitch), the Angou- 
mois grain moth (Sitotropa cerealella) and the caterpillars of the 
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cotton moth [Gelechia gossypieUa). The mite attacks people; it 
attaches itself to the skin by its sucking discs and claws, and prob- 
ably injects some irritaing substance into the skin while attempting 
to obtain nourishment. 

Symptomatology. — The mite causes an urticarial and papuloid 
eruption on the breast, arms, face, neck, and shoulders of persons 
handling corn and barley, or cotton seed, which has no tendency to 
spontaneous cure while the people continue to handle the infected 
grain. The symptoms begin after an incubation of twelve to sixteen 
hours with itching and the appearance of wheals surmounted by 
vesicles, which are usueiUy about the size of a pin’s head. These 
vesicles may at times pustules in a few hours. Severe cases show 
febrile symptoms, vomiting, and albuminuria. 

Diagnosis. — The presence of an eruption somewhat resembling 
lichen urticatus in people handhng grain or straw or cotton seed, 
or sleeping on new straw mattresses, should always arouse suspicion 
of the presence of this mite, and search for it should be made in the 
grain or straw or cotton seed. 

Treatment. — The treatment consists in removal of the cause — 
i.e,, of handling the infected grain — and the application of soothing 
lotions, such as calamine lotion, or a dilute carbolic acid or acetic 
acid lotion. 


Scabies. 

Synonyms. — Scabrities, Psora (term wrongly applied), Itch, 
Couraj) (=itch Bontius), Scabies indica (Sauvages), La gale 
(French), Kraetze (German), Sarna (Meideira), Scabbia (Italian). 

Definition. — Scabies is an infection of the superficial layers of the 
skin by the female of Sarcoptes scabiei var. hominis (Linnaeus, 1758), 
which, making a minute opening into the horny layer, forms a 
burrow more or less parallel to the surface, and in so doing causing 
itching. Secondary lesions are vesicles (of which the most typical 
is at the far end of the burrow, immediately beyond which lies the 
acarus), scratches, scabs, pustules, and a superficial dermatitis. 

History . — Aristotle appears to have known the itch insect, but if this is true 
the knowledge was lost, ami certainly Avenzoor in the twelfth centur}^ deserves 
the credit for discovering or rediscovering it. Scaliger, in 1557, described it 
as being globular in form and so minute as to be scarcely perceptible. He says 
that the people of Turin called it scirro, while in Gascony it was known as 
brigant. He also described the burrows, and in * Exercitatio 194, de Subti- 
libus,' numero 7, he states that when extracted it shows a certain amount of 
movement, and when crushed between the nails causes a slight noise r-nd 
emits a little fluid. After tliis it was described by Ingrassius of Naples, by 
Gabucinus, by Jobertus, by Aldrovandus, but more especially by Mouffet 
in his* Insectorum,* completed in 1589. In 1654 Hauptmann, who called the 
acari* Reitleisen,’ published the first figure of the mite in 1654 and again in 
1657. was followed by HafEenrefEer in 1660, by Heintke in 1 675, who gave 
extraordinary illustrations of the arachnid, and by Ettmuller in 1682, whose 
illustrations are recognizable. In 1683 Bonomo and Cestoni published their 
letter to Redi on the subject, and in 1702 this communication was read by 
Mead before the Royal Society, and published in the Philosophical Transactions. 
Bonomo described and figured the egg. He was followed by Morgagni in his 
fiftv-fifth letter, Book IV., by Bonanni in 1691; by Linnaeus in 1767, who 
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.named it Acarus in his ‘ Systema Natur* ’ ca^git but 

«arHer in ' Entomologia Faunae Suecicae he termed it Acatus humanus $t4t>- 
^anef^ S the Siirteenth edition of the * Systema/ 1788, Acarus siro is 
separated from A earns scabiei. It Schaeffer m by 

De Geer in 1 778, by Fabricius in 1 780, by O. F. Muller in 1 776, and by latreille 
as Sarcoptes lominis: by Baker in 1744. by Casal m 1762, by Wichman in 
1786, and by Adams in 1905. Adams says that in Madeira there is a disease 
due to oucoes which is not itch, being associated with lever, but is due to a 
small animalcule. Excluding the observations (sic) of Galds we next come to 
Gras' pamphlet which appeared in 1834, and to Raspail s work w^ch was also 
published in the same year, and which established firmly the behef in the 
arachnid. 


In 1861 Fuerstenberg wrote a monumental work on the subject 
entitled ' De Kratzmilben der Menschen und Thiere.^ Finally, 
in 1915, Charles Singer wrote an interesting history of the small 
animalcule. Notwithstanding all this scientific work, the derma- 
tologists were for long sceptical as to the causal action of the small 
parasite — e.g,, Bateman — but Erasmus Wilson, in 1842, was quite 
clear on this point. 

Climatology. — Scabies is known all over the world, and |has local 
names in all localities. It is very common in the tropics, and is more 
frequently met with in the low country than in the hills. 

.ffltiology. — The causal agent is the mite Sarcoptes scabiei var. 
hominis (Linnaeus, 1758) , which lives on the surface of the skin, but 
after impregnation the female burrows into the epidermis, making 
a little orifice marked by slight fraying of the horny layer. From 
this orifice it slowly works its way more or less parallel to the skin, 
but penetrating deeper and deeper. In so doing it deposits faeces 
and eggs along the burrow, while the mite itself lies buried in the 
horny layer at the far end of the burrow and just beyond a small 
vesicle, which often marks its position. It may be obtained by 
opening the burrow by means of a fine needle until it reaches the 
grey speck which marks the mite, which can then be extracted. 
The female finally dies in the burrow, and the males are believed to 
expire after copulation, but the species is kept in existence by the 
eggs, which produce six-legged larvae in some four to eight days. 
These moult several times, and then become the eight-legged nymph, 
without fully developed sexual organs, which finally becomes the 
sexually mature mite. The adult female is 330-450 microns in 
length, but the male is smaller. 

More rarely * scabies ' may be caused by the mite belonging to an 
animal, but the infection in this instance does not last long. 

The vesicles and the irritation are thought to be caused by ex- 
cretions from the mite. 

Infection generally takes place by contact, and hence is more 
common among the poor, who are crowded together, whereas in the 
better classes it usually begins about the generative organs, and is 
usually thought to be spread by sexual intercourse. 

Symptomatology. — The primary symptom is itching, especially 
when warm and when in bed, while the first clinical sign is a small 
line on the surface of the skin, and which may be reddish. If this 
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line is carefully examined with a lens the orifice of entry may be 
found as well as a minute vesicle at the farther end, but this may 
be absent. Just beyond the end of the burrow a small body of 
greyish glittering appearance may be seen in the depth of the epi- 
dermis if examined by means of a lens. This body is the mite. 

In addition to these primary lesions secondary signs may be visible 
in the form of scratches, papules, pustules, and even eczematous 
patches. 

The primary sites are between the fingers, the wrists, the ulnar 
side of the hands, the elbows, the front of the armpits, the nipples, 
the umbilicus, the penis, the gluteal regions, and between the toes. 

In the tropics in cleanly people it is often confined tc the scrotum. 

Diagnosis. — The characteristic signs arc the burrows and the 
distribution of the eruption, while the basis of the diagnosis is the 
discovery of the mite. 

Treatment. — Order the patient to take a hot bath and to scrub 
himself all over with soap and water, and then to rub all over the 
body sulphur ointment of the British Pharmacopoeia from the 
margin of the hairy scalp to the soles of the feet. Next day only 
the face is washed, and that night more ointment is rubbed in, and 
the same treatment is applied another night. Then on the fourth 
a hot bath is taken and all the clothing and bed linen changed, 
the old underclothing and bed linen being disinfected by being placed 
in boiling water. 

This usually cures the eruption, but a recurrence may occur in 
about a week if any ova have survived, and may require a repetition 
of the treatment. 

The sulphur ointment may cause a slight dermatitis with itching, 
which may be mistaken for a recurrence of the affection. In order 
to cover the odour cf the sulphur a few drops of oil of lavender may 
be added. 

Prophylaxis. — Every person suffering from itch should be care- 
f ally and promptly treated in order to avoid epidemics. 

The horse, sheep, dog, cat, wolf, fox, pig, poultry, and many other animals, 
suffer from scabietic conditions due to mites more or less closely allied to the 
Sarcoptes scabiei of man. These mites may occasionally be transferred to 
man, and induce a dermatitis which cUnically may resemble scabies, though 
as a rule much less severe. 

IV. NEMATODE DERMATOSES. 

Several species of the Nematode cause dermatoses — e.g., Rhdb^ 
ditis niellyi Blanchard, 1885 (p. 627), Strongyloides stercoralis Bavay, 
1876 (p. 628), Filaria bancrofti Cobbold, 1877 (p. 633), Onchocerca 
volvulus Leuckart, 1893 (p. 649), Loa loa Guyot, 1778 (p. 645), 
Agarnofilaria georgiana Stiles, 1906 (p. 642), Ancylostoma duodenale 
Dubini, 1843 (p, 666), and Necator americanus Stiles, 1902 (p. 673). 

The most important of these is the dermatitis caused by the two 
last-named worms. This dermatosis is described under the heading 
Ankylostonaiasis on p. 1764. 
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V. CESTODE DERMATOSES. 

The cestode dermatoses are usually due to Sparganum prolifer 
liima loos (p. 606), which produces nodules in the skm, which are 
associated with considerable swelling, thus giving rise^to an appear- 
ance not unlike elephantiasis. In addition, there inay be an acne-like 
eruption all over the body, which is very irritable and causes 
pruritus. On scratching the papules and producing excoriations 
the worms may escape, while on incising a nodule a cyst, with one 
or two worms embedded in slimy jolly, or a watery fluid, may be 

After lasting for some weeks or months the cyst walls become 
firm and thick, and so encapsulate the worms. The condition may 
last for years. There is no known treatment. 
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CHAPTER XCVII 

DYSIDROSES AND DYSTROPHIES 


Hyperidrosis — Bromidrosis — Chromidrosis, etc. — Dysidroses: Prickly heat — 
Cheiropompholyx — Dysidrosis exfoliativa — Dystrophies : Leucoderma 
— Albinism — Melung — Chloasma bronzinum — Dermatosis f estonata 
frontalis — Dermatosis nigro-circinata — Ochrodermatosis — Melanonychia 
— Xantl oderma areatiim — Mongolian spots — Tattooing — Ainhum — Sym- 
metrical palmar erythema— Acrodermatitis vesiculosa — References. 

HYPERIDROSIS. 

Remarks. — This condition, as well as bromidrosis, is a cosmopoli- 
tan one, but for climatic reasons both are so common and important 
in the tropics that a short account of them is given in this chapter. 

|Synonyms. — Idiopathic hyperidrosis, Idrosis, Polyidrosis, Ephi- 
drosis Sudatoria. 

(Symptomatology. — Excessive perspiration may be generalized or 
localized. In the latter case it is generally symmetrical, the regions 
most frequently affected being the axillary regions, hands, feet, 
and genital regions. Other regions may be afected. In one of 
our native assistants during the hot season there is an extremely 
severe localized hyperidrosis of the anterior region of the neck, 
the sweat falling down continually in large drops. 

Symptomatic Hyperidrosis. — This occurs in many tropical diseases, 
especially in malaria, Malta fever, etc. Localized one-sided hyper- 
idrosis has been observed by us in some cases of framboesia. 

Prognosis. — In the idiopathic type the prognosis is good, the 
condition disappearing when the hot season is over, but it is often 
associated with prickly heat. 

Treatment. — For the general hyperidrosis common during the 
hot season we are not in favour of any drastic internal treatment 
such as the administration of belladonna. In fact, we think it 
may be dangerous to stop suddenly this hyperidrosis, which is in 
reality merely a physiological fact. For such cases we simply recom- 
mend using some potassium permanganate, or cyllin, or a little 
menthol alcoholic solution in the daily bath, and dusting of the 
body with any simple antiseptic powder, such as zinc oxide, starch, 
and boric acid in equal parts (see Prickly Heat, p. 2224). 

In really severe cases of generalized hyperidrosis, belladonna or 
atropin may be administered; but they stop the secretion only 
for a time, and must be pushed till unpleasant symptoms appear. 
Sulphur and acid drinks have little effect, but they are harm- 
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less. Sulphur is occasionally given by us in cachets (3 grains) 
three times daily after meals. 

In localized hyperidrosis the treatment varies according to the 
parts being non-excoriated or excoriated. In patients not present- 
ing excoriations, naphthol or salicylic or formalin-alcoholic lotions 
(i per cent.), followed by a salicylic, boric, or tannoform powder, 
are very useful. If there are excoriations or inflammatory signs, 
no alcoholic lotions should be used, but merely water solutions of 
boric acid (2 per cent.), carbolic (i per cent.), permanganate of 
potassium (i in 4,000), and occasionally hydrogen perchloride 
(i in 2,000 to I in 4,000), after which a salicylic or boric powder 
is applied. It should be always remembered to sprinkle with the 
same powder the socks, shoes, and undergarments. 

BROMIDROSIS. 

This term is used to denote offensive sweating. 

^Etiology. — The bad odour seems to be due to the growth of 
various bacteria, as observed by Thin, ana is due not only to the 
sweat, but also, and probably in a higher degree, to the sebaceous 
secretion. The condition is very common in native races — negroes, 
Indians, and Chinamen ; most natives seem to have it to some 
extent, in fact. On the other hand, however, it is to be noted that 
certain natives state that they can detect in almost every European 
a special, disagreeable odour. Certain authorities are of opinion 
that each race has a recognizable different odour. 

Symptomatology. — As a rule, when the sweat has an offensive 
odour, there is also hyperidrosis, but in certain cases the quantity 
of sweat is not more than usual. The condition is usually localized, 
occasionally general. The situation of bromidrosis is, in order of 
frequency, the feet, the axillary regions, the perineum, and genital 
organs. When the condition affects the feet — the commonest 
localization — the odour is most offensive, and has been compared 
to that of putrid cheese. When it affects the axillary regions, the 
odour is offensive, but as a rule is of a different character. 

Symptomatic bromidrosis has been described in pint a, in certain cases 
of Madura foot, in acanthosis nigricans, after eating certain foods, etc. 

In contrast to bromidrosis, cases have been described of certain individuals 
having a pleasing smelling sweat, with the odour of violets or musk. There 
is a tradition that certain saints exhaled a pleasant odour. 

Prognosis. — Except in those ases when the bad .smell is due to 
accumulated dirt — when a thorough washing with carbolic soap 
will cure the condition — bromidrosis is not of easy cure, but the 
bad smeU may be hidden in various ways. 

Treatment. — This is the same as for hyperidrosis, but formalin 
lotions (J to 3 per cent.), alcoholic or watery, are especially useful, 
Lysoform (2 to 5 per cent.) is efficacious. Afterwards a powder 
such as ac. salicyl. gr. x., talci gi., or ac. borici 5i., talci §i., should 
be used, and some boric acid should be sprinkled in the socks and 
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also in the boots. If there are excoriations, formalin should not 
be used, but instead hydrogen peroxide (lo per cent.) or potassium 
permanganate (i in 4,000), followed by bone powder or a dermatol, 
xeroform, or tannoform powder ( 3 i. of any of these drugs to gi. of 
talci) Internal treatment is not of much use. but sulphur (gr. ni.) 
three times daily may be tried. One of us had good results m a 
case by the administration of urotropin, gr. x., tlirie e daily. 

Chromidrosis. 

The term is applied lo coloured excretion of sweat or sebum. The condi- 
tion affects in most cases the armpits, but cases have been described affecting 
the face, chest, abdomen, inguinal regions, hands, and feet. Ihe colour has 
been described as black, blue, red, green, yellow, and violet, ^\'e have per- 
sonally observed only two cases of chromidrosis. In both the axillary regions 
were affected, the colour was brick-rt'd, and the sweat stained the clothes red. 
In one of the cases it was due ioB. prodigiosits, in the other to a red pigment- 
producing coccus. 

Phosphoridrosis. 

Synonym. — Phosphorescent sweat. 

This condition lias been described by Kostor and others, but is very rare. 
In one case it was stated tliat it ajipeared after eating plio.sphorescent fish. 
According to Jleyerink the jihosphorescence is due to photo-bacteria. 

Uridrosis. 

Small white crystals, forming a sort of hoar-frost, are present on the skin, 
due lo excretion liy the skin of urinary constituents, especially urea and 
chlorides. Nash records several cases of a whitish deposit on the skin in 
native children and natives, which, according to some authorities, may have 
been the same condition. 

Hmmatidrosis. 

Several cases of hyperidrosis with red blood cells and leucocytes in the 
sweat have bt'en jilaced on record. 

Anidrosis. 

Idiopathic total anidrosis, or absence of sweat, is exceedingly rare, but a 
diminution in the secretion of sweat is often observed. There arc people in, 
whom the bringing about of perspiration by hot-air baths and drugs is very 
difficult. 

Symptomatic anidrosis is present in leprotic patches, and may be of diag- 
nostic value. It is seen also in sclerodermia, general or circumscribed 
(morphaea), and in xerodermia. The secretion of sweat may be much de- 
creased in diabetes and certain nervous conditions. 

DYSIDROSES. 

Prickly Heat. 

Synonyms. — Lichen Tropicus, Sudamina Papulosa, Miliaria 
Rubra, Miliaria Papulosa, Salpullido (Cuba), Calor Picante (Minorca), 
Humon El-Nil (Arabic). 

Definition. — Prickly heat is a papular or papulo-vcsicular erup- 
tion, with marked pruritus, and associated with profuse sweating. 

Geographical Distribution.— The condition is found all over tlie 
tropics and subtropics. It may be observed also in temperate 
zones during the hot seafon, especially at sea-bathing places. 
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History. — Bontius described the affection in his w(M*k, ‘ De 
Medicina Indorum Cleghorn in his book, ' Diseases of Minorca/ 
identifies it with sudamina; he states that the term used in Minorca 
to indicate the eruption was color picante. Willan, Johnson (1821) 
and other English observers described it in India and other tropical 
countries with the term Lichen tropicus. Armand in 1854 describes 
it in his book, ' L'Algerie Medicate,' using the name Lichen miliar 
pruriginosus ; he mentions that sea-bathing often increases the 
severity of the eruption. Mestre, in Cuba in 1862, wrote a very 
complete paper on the condition; he uses the term ' salpullido/ 
In more recent times the eruption has been studied by Robinson, 
Torok, Durham, and many others. 

etiology and Pathology. — Politzer considers the disease to be due 
to the obstruction of the flow of sweat brought about by the cells 
of the epidermis swelling by imbibition from the excessive sweat. 
Pearse considers it to be due to an acute distension of the sebaceous 
glands by their own secretion. Robinson states that the inflam- 
mation is about the sweat-pore, while, according to Torok, it has 
nothing to do with it. In our experience, the inflammation is not 
always about the sweat-pore. 

Durham believes prickly heat to be an infective disease, caused by a minute 
actively motile amoeba; his results, however, have not been confirmed. 

Symptomatology. — This affection is extremely common in tropical 
countries, especially in new arrivals. The eruption consists of small 
pin-head papules, which may enlarge to the size of a millet-seed, and 
even larger. The papules are generally conical, angry red, and often 
occupy the orifices of the sudoriferous follicles; they are occasion- 
ally topped by a small vesicle, the contents of which may later, 
occasionally, become purulent. Besides the papules, roseola-like 
spots are often seen; these in some cases may coalesce and form 
large erythematous patches. Occasionally minute glass-like vesicles 
of sudamina crystallina are also present. The eruption is found on 
the parts of the body where the patient perspires most. It is very 
commonly observed round the waist, the back, chest, arms, and 
forehead ; it may extend to the whole surface of thebody, except, it is 
generally stated, the palms and soles. In our experience, when the 
eruption is general, the palms and soles also may be affected ; in such 
situations, however, no papules are found, but only roseola-iike spots. 
We would also call attention to another feature found in cases of 
acute severe general prickly h‘ at eruption: in several such cases 
the oral mucosa and the fauces will appear acutely congested. The 
congestion subsides on the disappearance of the cutaneous lesions. 

Diagnosis. — This is generally easy; from eczema it is distin- 
guished by the greatly increased flow of perspiration, and by 
the absence of any moist lesions during the whole course of the 
malady. Our experience is, however, that in some cases true 
eczema — especially of the papular type — develops on prickly heat 
lesions. In cases of generalized prickly heat, with roseola-like 
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spots on the palms and soles acute patchy congestion in the oral 
4cosa and pharynx, a syphihde must be excluded for several of 
our patients Lheved themselves to be affected with syphihs; but 
the extreme pruritus is generally sufhcicnt to exdude it. 

Prognosis. — As a rule, the prognosis ]s good, the eruption disap- 
pearing quickly under proper treatment. 1 he patient, however, com- 
plains of the severe itching, which often keeps him awake at night. In 
some few cases no treatment is of any avail, and the patient must be 
sent up to the hills ; in others, crops ol boils deve oji, or pyosis mansoni 
or impetigo contagiosa may supervene, especially in chil(^en. 

Treatment. — The patient must be kept cool; he should not take 
much to drink, and should abstain from drinking hot. .tea. Too 
w^Xm^rClothing should be avoided; flannel and woollen things ofteji 
make prickly heat worse. In such cases silk underclothing may be 
recommended, but not in people liable lo abdominal chills. All 
undf^rclothing must be changed at k'ast once daily and after taking 
any violent exercise. Sea-bathing is injurious. The treatment 
which in our experience has answered best is the free use, several 
times daily, of a salicylic alcoholic lotion (ac. salicyl. Si-^ rect, 
5 viii.), followed by the general apj>lication of a salicylic or bofacic or 
'icTififihor powder, such as ac. salicyl. gr. x., talci or ac. borici 3i > 
talci vcn. gi., or camphor gr. xxx:v.; zinci ox. amyli aa gss. It is 
better, as ^ rule, to avoid greasy preparations. 

After the eruption is cured the patient should be directed to use 
some Condy’s fluid, cyllin, or other disinfectant in the bath, and 
afterwards to apply one of the powders mentioned above. 

The so-called ‘ Castellaiii ’s lotion/ inncli used in the Hast, consists of 
menthol ^r. x., ac. salicyl. gr.ii., zinci ox. 3 vi., calamime 3 ”!., spirit, rect. gii., 
glycerin. 3b, rosa^ ad gvi. It should be diluted with the same amount of 
water when applied to the face or when used for children. 


Cheiropompholyx. 

Synonyms.— Dysidrosis, Pompholyx. 

This affection is seen in the tropics, and is also met with in tem- 
perate zones during the hot season. To Tilbury Fox and J. Hutchin- 
son belongs the merit of having separated this affection from eczema. 

.ffitiology and Histopathology— Tilbury Fox believed tlie disease 
to be due to accumulation of sweat induced by the blocking of the 
pores of the sudoriparous glands. The more recent researches of 
Unna, Norman Walker, Williams, and others show that the lesions 
are of an inflammatory character; the vesicles are found in the 
prickly layer, and often press to one side of the sweat channel. 

Unna described a bacillus as the cause of the disease. Some authorities 
consider the condition to be of neurotic origin. 

Symptomatology.— The eruption is found in individuals who 
suffer from hyperidrosis. It is characterized by the presence of 
deeply seated translucent or opalescent, sago-like vesicles between 
the fingers and toes; the vesicles are not, as a rule, surrounded by 
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an inflammatory halo; they very rarely coalesce, and usually do not 
break, but dry up gradually, being thrown oft with the exfoliating 
epidermis. The vesicles in many cases are few iii number ; in others 
they may be numerous, and the eruption may extend to the palms, 
backs of the hands, and occasionally the arms. There is unbearable 
pruritus, and in some cases, owing to the scratching, an eczematous 
dermatitis may develop, especially between the toes. 

Diagnosis. — Some authorities still maintain that cheiropompholyx 
is merely eczema. In our experience, the disease must be separated 
from eczema, the principal characters of differentiation being the 
deep situation of the vesicles, the fact that they very rarely rupture, 
and that, as a rule, they are not surrounded by an inflammatory 
zone; moreover, the parts affected are generally bathed in sweat. 

Prognosis. — The disease is not a serious one, and, under proper 
treatment, the eruption heals; but the tendency to recur is great. 

Treatment. — When the vesicles arc few in number, pricking them 
with a sterile needle, washing them with a perchloride lotion (i in 
2,000), followed by the application of a i to 2 per cent, naphthol oint- 
ment, gives much relief. When the vesicles are numerous, and the 
eruption has spread to the backs of the hands and arms, calamine 
lotion, to which a little menthol and alcohol has been added, answers 
well, or a salicylic alcoholic lotion (ac. salicyl. 3 i., alcohol rect. §iv., 
aq. ad gviii.) may be used. 

Dysidrosis exfoliativa. 

This affection, described by Castellani, is closely related to 
cheiropompholyx. The affected parts — generally the palms of the 
hands — are bathed in continuous perspiration, and large flakes of 
epidermis exfoliate. In most cases no cheiropompliolyx-like vesicles 
are found; in fact, no vesicles of any type can be detected. The 
affection becomes cured spontaneously on the patient going to the 
hills or during the cold season, but it is apt to recur. 

Bathing the affected parts with a resorcin lotion (i per cent.) at 
first, and later, when the desquamation has ceased, the application 
of calamine lotion, is useful. 

Sweat Desquamation. 

Schornberg has applied the term ‘ sweat desquamation ' to the minute 
whitish scales, often arranged in rings, and found on the palms of persons 
who perspire profusely. The condition may occasionally be confused with 
a sypbilide, from which it is differentiated by the absence of other syphilitic 
signs, such as enlargement of the lymphatic glands, etc., and by the fact 
that it disappears on the patient going to the hills. 

DYSTROPHIES. 

Leucoderma. 

Synonyms. — Leucopathia, Vitiligo, Acquired leucopathia, Ac- 
quired leukasmus, Acquired achromia. Acquired piebald skin, Mala- 
die de d 6 pigmentation (O’Zoux). 
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Leucoderma is much more common in tropical countries than iit 
temperate zones. The natives of Ceylon and India!have[a dread of 

developing leucoderma, and 
look upon it as a loathsome 
disease. 

iEtiology and Pathology ^ — 

The aetiology is unknown. 
It is generally considered to 
be a trophoneurosis. Occa- 
sionally there is evidence of 
hereditary influences, several 
members of the same family 
being affected. The malady 
may start without any 
apparent cause, or in some 
cases may begin after an 
injury, after a burn, after 
too strong a caustication. 
In fact, the application of 
strong remedies should be 
used with care in natives. 
We have seen leucoderma 
Fig. 871.— Leucoderma in a Sinhalese patches appearing after the 
Woman. application of pure formalin. 

Patches of leucoderma may 
develop also in chronic epiphytic skin diseases, the fungi apparently 
having a deeply disturbing jeffect on the pigment formation. 




Fig. 872.- — Leucoderma of the Hands and Arms. 

Symptomatology. — Leucoderma is characterized by the presence 
of non-pigment ed areas, white, ivory-like, or pinkish. The patches 
are roundish or oval, with a smooth surface ; they slowly enlarge 
and coalesce, giving rise to large, irregularly outlined areas. Occa- 
sionally almost the whole body becomes affected; more often it is 
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the face and hands which are affected, and there may be a certain 
symmetry. The initial patches are often surrounded by a zone 
of hj^erpigmentation. Occasionally within the white areas small 
dot -like zones of pigmentation are left. The hairs of the affected 
parts frequently become white, but sometimes remain of normal 
colour. The white patches do not show any marked change in 
sensation; there is never anaesthesia; in many cases there is hyper- 
aesthesia to heat and light stimulation. The texture of the skin re- 
mains normal ; occasionally slight atrophic processes may be noted. 
It is usually stated that the 


general health is not im- 
paired. In our experience, 
however, when the patches 
are large and situated on 
uncovered parts of the 
body, especially the face, 
symptoms of severe as- 
thenia have been noticed. 
Moreover, the patients 
complain that they cannot 
do any work in the sun, 
as they experience a 
burning sensation in the 
white patches, and they 
suffer from giddiness. 

Clinical Varieties — 
Melung [Beta ), — This type 
of leucoderma was first 
described by Ziemann, 
and is fairly common 
among West African 
negroes. It is found also 
in Ceylon, India, and 
Burma, in the last-men- 
tioned country having 
been described by Castor. 
The affection is always 
symmetric, and attacks 
only the palms or the soles, 
or both palms and soles. 
Small areas of the skin 
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undergo a slow process of depigmentation, ibecoming whitish or 
yellowish; there is no alteration of sensibility. The depigmented 
areas, which are generally of various shape, are intermixed with 
patches of normally pigmented skin, so that the 'palms -and soles 
present a marmoriform appearance. 

The disease is chronic and incurable. It often develops in child- 
hood, and several members of the same family may be affected. 

A variety of leucoderma in the shape of two small, often triangular 
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spots, one at each angle of the mouth, has been observed by Pusey 
in a Burmese girl and by one of us in Ceylon. The mucosa of the 
lips may also show leucodcrmic patches. 

Diagnosis. — The diagnosis is generally easy. The patches, in con- 
trast to leprosy, do not show anaesthesia; from morphcea it is distin- 
guished by the absence of any abnormality in the texture of the 
skin; from tinea flava, tinea alba, and pinta, by the absence of any 
fungus. 

Prognosis. — The disease may be said to be incurable. When large 
patches are present, the patient complains often of asthenia, and 
may become unfit for work, especially work in the open air and sun. 

Treatment.-— The disease is generally incurable, but the spreading 
of the patches may be prevented, and occasionally a slight improve- 
ment may be brought about, in our experience, by an energetic 
arsenical treatment. We generally give arscnious acid in a pill 
tV) three to six times a day, or atoxyl injections (5 grains every 
other day). Gillmore has tried soamin with fairly good results. 
We have seen no benefit from the administration of suprarenal 
extract, as recommended by several authors. The white colour 
may be partially hidden by applying a lotion of nitrate of silver 
or potassium permanganate, or by tattooing. 

Heidingsfelt has devised an instrument consisting of a group of ten needles, 
which are put in movement by electrical power. In this way tattooing may 
be performed much more rapidly than by hand. 

Sommer claims to have cured several cases of Iciicoderma by injections of 
adrenalin. 


Albinism. 

Synonyms. — Congenital leiicoderma. Congenital leukopathia. 
Congenital achromia, Congenital leukasmiis. 

The affection is found in the tropics more frequently than in 
temperate zones. It is characterized by congenital absence of 
pigment in the skin, hair, iris, and choroid. There are cases, how- 
ever, of partial albinism in which only the skin is affected. The 
skin has a milky-white or pinkish appearance; the iris is rose- 
coloured, and the pupil red. There is intolerance to light; hence 
the pupils will be generally found to be contracted, and the patient, 
to avoid the strong light stimulus, may go about with the head 
downwards. Nystagmus is observed in several cases. The hair is 
generally white or yellowish-white, fine and silky. We have seen 
albinos with red hair. Albinos are generally poorly built, weak and 
feeble individuals. 

AEtiology and Pathology. — The aetiology is unknown. The affec- 
tion is more often observed among coloured races than in the white 
races. It shows a certain family tendency. It is^ said that cases 
occur more frequently in the offsprings of consanguineous in 
^TKrKsToIogTca'aM 
as the only abnormality. 

Treatment. — The affection is incurable. 
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Erythema Solare. 

The effects of sunlight on the skin, including the histology of the 
lesions, have already been discussed in Cliapter HI., pp. 

They are caused by the active effects of the rays at the violet end 
of the spectrum. The skin of the parts exposed becomes 
erythematous, swollen, and vesicles and bullae may appear. 
Desquamation follows, and the skin is often left pigmented 
(sunburn). 

The treatment consists in applying calamine lotion, and later (any 
bland ointment such as simple cold cream. 

Dermatitis Solaris. 

After repeated attacks of erythema solare — or at times without 
any history of such — the skin of the hands and exposed parts 
in planters and other people living an outdoor life in the tropics 
becomes slowly reddened, and may be slightly rough to the touch. 
Freckles and hyperpigmented spots are generally present, and not 
rarely small telangiectasia. In a later stage warty patches often 
appear, and the dermatitis, as noted by McLeod, may somewhat 
resemble the dermatitis produced by X rays. Atrophic changes 
may also develop. The condition, which is also known by the term 
tropical skin, is somewhat similar to what Unna called ‘ seaman’s 
skin ’ and to senile atrophodermia or biotripsis (sec p. 2282). 

Diagnosis. — -The diagnosis from pellagra has already 1:)een dis- 
cussed (sec p. 1730) . 

Prognosis. — The dermatitis is very obstinate, but generally 
becomes cured spontaneously in a cold climate. 

Treatment. — A change to a temperate climate is the only effica- 
cious treatment. Exposure to the sun is to be avoided as much as 
possible. 

Chloasma. 

Chloasma, which, as is well known, is characterized by the presence 
of dark brownish or dirty yellowish patches, situated commonly 
on the face, is of frequent occurrence in the tropics in Europeans 
as well as natives. The patches are plainly distinguishable in the 
skin of Indian and Sinhalese natives, though in African negroes 
they may be indistinguishable. The condition rnay be due to 
several causes, and the following types may be mentioned; — 

I. Chloasma solare (melasma solare), due to exposure to the 
sun. A similar condition may be due to exposure to a powerful 
light or glare of any kind, and may even occasionally develop in 
people who pass a long time on glaciers and fields of snow. Chloasma 
solare is found among Europeans, half-castes, and also in natives. 
In natives who wear clothes it is easy to see that the parts exposed 
to the sun are darker. The condition is generally found on the 
face, and it may be diffuse, or one or two small patches only may 
be present. The colour varies from a shght yellowish-brownish. 
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to a deep black bronzine one (see Chloasma Bronzinum). On close 
examination it will be found that often patches of hyperpigmenta- 
tion are seen side by side or alternate with patches of depigmentation 
of various degree, but generally slight. The patches of chloasma 
solare may appear quite suddenly without being preceded by 
erythema solare; in one of our cases they appeared on the fore- 
head twenty-four hours after a motor-car drive in the midday sun 
without the hood on; in another, a European lady, who had a 
very delicate skin and was used to wearing gloves, very dark 
hyperpigment ed patches appeared on the back of the hands and 
wrists twelve hours after exposing her hands without gloves to the 
midday sun. In addition to hyperpigment ed spots, depigmented 
patches also developed. 

2. Chloasma caloricum, from exposure to heat, or possibly the 
glare of fires. We have seen it several times in stokers. 

3. Chloasma traumaticum, from mechanical irritation of anv 

kind, scratching, etc. ^ 

afttrfblSS^ irritating drugs, as, for instance, 

fr. symptomaticum, as, for instance, chloasma uterinum 

pregnancy or during chronic diseases of the female 
genital or^ns. Chloasma uterinum is quite common in Sinhalese 
women, and is plainly distinguishable. nnaiese 

malaricum and kala-azar chloasma, an important 
type of chloasma symptomaticum, is found in patients suffering from 
chronic malaria and kala-azar. A diffuse type of hyperSeSf 
tion observed m chronic malaria and closely resembling ffison\ 
disease has already been described (see p. 1180) 

“ syphilis, leprosy, tuber- 

culosis, diabetes, and many other chronic diseases. ^ ^ 

in India a pigmentary fever’ has been described of short 
dmation, and said to be characterized by the appearance of hyper- 
pigmented patches on the face (see p. 1461). 


emoasma Symmetricum. 

m?with‘i?^iXal 7 ^'‘'^u described Castellani, is often 

met with in Sinhalese, who greatly object to it. It is charaetenVoH 

by the presence of two dark brownish chloasma patches situated 
symmetricaUy one on each cheek, generally on t£ malL reeion 

very ra?dv brLzIne Th” generally dark brownish. 

Chloasma Bronzinum. 
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tropical countries. It was first observed by Cantlie, who called it 
‘ tropical mask/ and was later described by one of us. 

^Etiology. — ^This is unknown, but a life in the open air with daily 
long exposure to a tropical sun is apparently an important pre- 
disposing cause. All our patients were European planters, or native 
overseers or coolies. 

Symptoms. — Part of the face or the neck, or occasionally the whole 
face, neck, and chest, presents a peculiar pigmentation, resembling 
a black bronzine mask; the pigmented areas slowly but steadily 
increase. The disease is very chronic and incurable if the patient 
remains in the tropics. The general health is not impaired. The 
examination of the various organs is negative. The blood and 
urine are normal. 



Fic. 874. — Chloasma Symmetricum. 

Diagnosis. — This is easy, even in very dark-skinned natives, the 
affected parts being completely black, and having a characteristic 
bronzine hue. 

From ordinary chloasma, which is not rare — especially among 
women — the affection is easily distinguished by the bronzine tint. 
The absence of asthenia, loss of flesh, and diarrhoea, will suffice to 
distinguish chloasma bronzinum from Addison's disease ; the history 
and the examination of the blood will differentiate it from malarial 
pseudo-Addison' s disease ; the examination of the urine will dis- 
tinguish it from diabetes bronzinum. Argyria will be excluded by 
the history and by the fac^ that in cliloasma bronzinum the mucoste 
are not affected. In ochronosis the cartilages, ligaments, and fibrous 
structures become pigmented, and the discoloration is best seen 
about the knuckles and the tendons of the hands and feet; more- 
over, the urine often blackens on exposure to the air (alcaptonuria). 

Prognosis and Treatment. — The disease seems to be incurable, 
but a long stay in a temperate zone generally improves it. 
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DcrniH-tosis F6stonata- Frontalis. 

Historical and Geographical.— This condition has 
by Castellani in Ceylon. It has rocenlly been found also in 

^ jSiology.-This is unknown, but prob.ddy a continuous c>xposure 
to the sun and glare plays a certain role in the causation of the 

"'"'Stomatology .-The affection, which in its severe type is rare, 
is found in Europeans who have resided for many years 
and who have lived an open-air life, such as planters and overseers, 
exposing themselves to the sun for long periods of time. 

In a well-marked case (see Fig. 875) there is a festooned margin 
at times slightly raised, often of a vivid bright red or coiipery re 
colour, while the skin which it encircles has a peculiar whitish, 
occasionally leucoderma-iike appearance, and may be slightly 



Fig. 875.^ — Dermatosis Festonata Frontalis. 

atropliied; at times small patches of hyperpigmentation may be 
present. There is very little or no pruritus, and sensation to the 
touch, pain, heat, and coldjis not impaired. 

The course is extremely long, the affection slowly expanding 
peripherally, and in a tropical climate has no tendency to spon- 
taneous cure. 

Diagnosis. — The affection is not rarely taken for a tricophytic 
condition, but the microscopical examination for fungi is always 
negative, and an antimycotic treatment does not induce any im- 
provement. From a syphilide it is differentiated by the negative 
Wassermann and by the uselessness of salvarsan, potassium iodide, 
and mercury; from leprosy by the sensation being normal. 

Prognosis. — The general health of the patient is not affected, but 
the affection runs an extremely long course, and has no tendency 
to spontaneous cure in the tropics. It gets much better if the patient 
goes to reside in a cold country. 
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Treatment. — The treatment is very unsatisfactory. The patient 
? must be advised not to expose himself to the sun and glare, though it 
I is doubtful whether the condition is directly due to such exposure. 
A wide-brimmed topee or sun-helmet lined with red cloth may be 
used. 

Of the many drugs tried ichthyol seems to be the only one which 
at times keeps in check the condition, occasionally inducing a 
slight improvement. It is given internally in 5 grain doses three 
times daily before meals, and an ichthyol ointment or lotion 
(5 per cent.) may be applied to the affected skin at night, while 
during the day a calamine lotion may be used. 

Mercury, potassium iodide, and arsenical preparations are useless. 

Dermatosis Nigro-Anulata. 

Historical and Geographical. — This condition has been described 
by Castellani in Ceylon natives and in a very dark-skinned gipsy 
in Macedonia. 

etiology and Pathology. —This is unknown. It is not a framboe- 
side, as the lesions are not influenced by salvarsan and potassium 
iodide ; nor a syphilide, as they are not influenced by the same drugs 
nor by mercury; moreover, Wassermann is negative. 

Symptomatology. — The condition is characterized by the presence 
of black, elevated, fairly hard, ring-like or elliptical multiple lesions, 
encircling apparently normal skin. There is no pruritus, sensation 
normal, Wassermann negative. The course is extremely long, 
lasting for years, with very little change in the aspect of the lesions. 


Fig. 876. — Dermatosis Nigro-Anulata. 

Diagnosis. — The affection has to be distinguished irom tinea mgro- 
circinata by the absence of fungi, and by the failure of any anti- 
mycotic treatment ; frorsi a circinate jramheeside by the uselessness 
of potassium iodide and salvarsan; from a syphilide by the useless- 
ness of the same drugs and of mercury; from porokeratosis \ by the 
multiplicity of the lesions. 

Prognosis. — The general health is not affected, but the condition 
is most persistent. 

Treatment. — This is very unsatisfactory. An exfohative treat- 
ment by means of a salicylic acid ointment occasionally induces 
a temporary improvement. 
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Ochrodermatosis. 

Synonym. — The yellow disease (Castellani). 

Historical and Geographical. — ^This condition has been described 
by Castellani in Ceylon, in Europeans living in the low country. 

^Etiology. — Unknown. The patients were not taking any drug 
and were not exposing themselves to the action of any toxic sub- 
stance. On the strength that the condition gets much better or 
disappears on the patient going to the hills, a search for a possible 
causative organism was carried out, but with negative results. , 

Symptomatology. — The face, arms, hands, and at times the whole 
body, are of a bright yellow or saffron colour, quite different from 
the yellowish-greenish colour of jaundice. The scleroticae remain 
completely white; the urine is of normal colour and composition; 
the sweat is not coloured; the stools are normally pigmented; 
the liver and spleen are not enlarged; and the general health is in 
no* way affected; but naturally the patients greatly object to the 
disfigurement. The condition improves or disappears on the 
patient going to the hills or to Europe. 

Diagnosis, — The bright yellow or saffron colour is different from 
the yellow colour generally seen in jaundice. Moreover, the 
scleroticae remain white, and the urine and stools are of normal 
colour. The anamnesis and special analysis of urine for picric 
acid, etc., exclude the ordinary toxic pigmentations. The condition 
is distinguished from certain types of chromidrosis, as the sweat is 
not coloured and the clothes do not become stained. 

In ochronosis, which is generally congenital, there is alcaptonuria, 
and the ligaments and cartilages become blackened. 

In xanthoderma areatum the yellow patches remain localized to the 
legs, and are permanent. 

Treatment. — The only successful measure seems to be to send 
the patients up-country. On the hypothesis that the condition 
might possibly be of parasitic origin, a formalin spirit lotion 
(i per cent.) was prescribed is several cases, but the improvement, if 
any, was very slight, though certain patients stated that they 
thought the condition was affected in a beneficial manner by it. 

Melanonychia. 

Synonyms. — Black pigmentation of nails, Melanonychia falci- 
formis. 

Castellani has described in two European ladies a peculiar con- 
dition of the nails characterized by a band of black pigmentation 
along the free border of the nail. On superficial examination, it 
has the same appearance as though some dirt had accumulated 
beneath the free border of the nail, but on scraping this pigmen- 
tation does not disappear, and this shows that the condition is due 
to some pigmentation in the substance of the nail. The sufferers 
were in general good health, not using any internal or external 
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medicine which could account for the pigmentation, and the nails, 
apart from this line of pigmentation, appeared perfectly normal. 
We have, later, come across a case in a European gentleman and 
another case in Macedonia. 

The condition slowly disappears spontaneously. 

Xanthoderma Areatum. 

This affection, which has been described by Castellani, is not 
infrequently met with among Europeans; it generally affects the 
lower parts of the legs; it starts very insidiously, with a yellowish 
or reddish-yellow spot, which is not elevated; the surface is smooth, 
not furfuraceous; there is no infiltration, and, apart from the 
colour, the affected skin is normal. There is no pruritus and 
no pain. The yellow spot slowly increases, and one or more other 
spots may appear near the first one or at a distance. Some of the 
spots may coalesce togetlier, forming a large yellow-red patch of 
irregular or various outline. The larger patches also, apart from 
the colour, are normal, being of normrl consistency and elasticity. 
The disease is very chronic. The general health is not impaired; 
the lymphatic glands are not enlarged, and the blood does not show 
any abnormality; urine normal. In all our cases syphilis could be 
excluded; in none was there any history of traumatism. 

Diagnosis. — From chloasma, xanthoderma areatum is readily 
differentiated by the lighter yellow or yellowish-red, and by the 
different situation. The affection can be easily distinguished from 
xanthoma, as the texture of the skin is normal, and the patches 
are not elevated. In pseudo-xanthoma elasticum of Balzer there is 
an eruption consisting of mesh-like patches of buff-coloured infiltra- 
tion, lumpy in some places, in others linear. It must be distin- 
guished also from Schamberg’s so-called ' cayenne-pepper' condi- 
tion, characterized by the presence of brownish-yellowish patches 
on the legs, made up of small puncta, giving rise to a cayenne-like 
appearance of the skin, found at times on people suffering from 
varicose veins. 

Treatment. — This is difficult ; in some cases an energetic exfoli- 
ating treatment by resorcin pastes (resorcin, 3ii. ; ac. salic., gr. xx.; 
Lassar’s paste, gi.) improves the condition after the inflammation 
induced by the paste subsides. 

QJpngolian Spots. 

Synonym. — -Mongolian maculae.' 

Definition. — A congenital condition characterized by the presence 
of dark bluish spots on the lower sacral region, not disappearing on 
pressure. 

History. — The first complete description has been given by Baelz, 
Who found them almost constantly in Chinese, Koreans, Japanese, 
and Malays. Later Adachi, Ashmead, Martinotti, Consiglio, and 
others have further investigated the subject. Castor and Fink 



2238 


DY SID ROSES AND DYSTROPHIES 


have made a very complete study of it in Burma, where it is 
extremely common. 

Geographical. — The condition was at one time considered to be 
limited to Mongolian races, but further investigations show that 
it is found in other races, including Europeans. Martinotti, and 
later Consiglio, have found it in Italy. The condition has recently 
been observed also in North and South America. 

etiology. — The condition is of unknown origin; it is probably 
congenital. 

Symptomatology. — ■' Mongolian spots ’ appear as blackish-bluish 
or mulberry-coloured, smooth, non-elevated areas. The colour 
does not disappear on pressure ; it is, as already stated, blackish-blue. 
Some portions of the same spot may be darker than others The 
texture of the skin is normal; there is no pain and no pruritus. 
They are mostly roundish, but they may be oblong or almost square; 
they may be single, but are often multiple, five or six or more, each 
spot varying in size from \ centimetre to 12 centimetres and 
even more. The patch may be sharply limited or the colour may 
fade gradually into that of the healthy skin. The commonest 
situation is on the lower spine, sacral region, and buttocks, but 
they may be found practically on any other part of the body. The 
patches appear at birth, and, as a rule, disappear between the 
third and fourth yTaf'. * ^ .... - 

In Burmese, Castor has found that Mongolian spots are extremely frequent, 
and are situated in order of frequency on the sacral region and buttocks, 
waist, arms, legs, shoulders, head, face, neck. Castor identifies with the 
Mongolian spots also the pigmented patches so often found in natives on the 
oral mucosa, tongue, and lips. 

Diagnosis. — The condition is easily recognized, the roundish or 
variously shaped bluish patches, generally on the sacral region 
and buttocks, being characteristic; its being present from birth 
distinguishes it from patches of pigmentation of other origin. 
The complete smoothness and normal texture of the skin differenti- 
ates the condition easily from pigmented moles. In those rare 
cases in which confusion with some mycotic condition might arise 
the microscopical examination will clear the diagnosis, no fungi, 
of course, being present in Mongolian spots. 

Course and Prognosis. — The patches generally fade or disappear 
completely about the third or fourth year. 

Treatment. — The treatment is nil, nor is it generally asked for, 
the patches most frequently being on covered parts of the body. 

Tattooing. 

Nomenclature. — The word 'tattoo' is derived from ‘tattow,’ 
used by Cook and Banks in their journals in 1789. Tattow was 
derived from ' tau ’ or ‘tatu,' a word which meant ‘marking.' 
The Maori word is 'amoca' or 'moko,' which, however, refers to 
the furrowing of the skin — a more formidable operation than 
tattooing. 
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DefliUtion. — Tattooing is the formation of more or less indelible 
marks in the skin by means of rubbing pigments or irritating sub- 
stances into slight wounds made for the purpose. 

General Account. — It appears to us that tattooing was originally 
preceded by face and body painting, which in the form of ' war 
paint ' is well known to have been used in many savage tribes 
when about to enter into combat with their enemies. At first this 
painting was very simple, and consisted in merely smearing the 
face with some form ’of pigment, but eventually in certain peoples 
it became more and |more elaborate. Painting, however, is only a 
temporary method of adornment, and many peoples have adopted 
in its place the permanent tattooing. The essential reason Ifor 



Fig. 877. — Tattooing, 


tattooing is the ornamentation of the person, but taking its origin 
in the custom of painting the face before going to war, it is generally 
more elaborate in men than in women. 

In Africa the marks have a most varied significance. Thus, 
according to Hobley, the Ja-Luo girls are tattooed because it is 
thought that unless this is done a woman will not bear children. 
Among the Ketosh, the warrior, after killing an enemy in warfare, 
has two rows of marks tattooed on his right chest and shoulder, 
to prevent the spirit of his dead enemy bewitching him. 

In its simplest form it is seen in West Africa, where short straight 
skin-cuts are made by means of a sharp piece of iron, after which 
some pigment or irritating substance is rubbed into the wound, 
the idea being to produce a keloid. If this fails, another cut is 
made into the same place, and more pigment is rubbed in until the 
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desired result is attained. These cuts, and hence the subsequent 
keloids, are arranged in some primitive form of pattern. More 
elaborate patterns, however, may be met with, being generally in 
the forms of curved lines or scrolls of keloids. Various types of 
tribal keloid tattooing have been recently studied by Miss Zabo- 
rowska. 

In the Naga Hills of Assam the lines of the tattoo follow the 
contours of the face. 

The most elaborate designs are found among the Maoris of New 
Zealand and the natives of the Pacific Islands. The Polynesians 
use lines and curves, but not spirals, the highest art being found 
among the Marquesans. The Maoris are, however, not content 
with mere tattooing, in which pigment is rubbed into slight cuts, 
for in their ' nioko ’ they make deep furrows, which remain more or 
less permanently during life. According to Ling Roth, the Maoris 
use seven patterns; the first, the linear, composed of lines of dots 
or strokes; the second is the mat or plait-work pattern, composed of 
parallel lines, in groups of three, arranged more or less alternately; 
the third is the ladder pattern, in which the lines are arranged in 
horizontal groups separated by clear spaces ; the fourth is the 
chevron pattern, being composed of coils with long tails or handles, 
the interspaces between which are filled in by slanting lines ; the 
fifth pattern is the circinate coil ; the sixth, the anchor ; and the 
seventh, the trilateral scroll. This last pattern is said to imitate 
a flower — Clianthus puniceus. According to the same author, the 
Papuans are much addicted to the use of the spiral in tattooing. 
The Polynesians use simple pricking instruments, while the Maoris, 
in order to produce the deep furrows, use special instruments, 
shaped somewhat like a miniature garden-hoe, the cutting edge 
of which is toothed. These instruments were at first made of 
bone or hard wood, but later iron was introduced. They are made 
to cut the skin by means of blows from a hammer or a stick. As a 
result of the wound the blood flows freely, and is wiped away by 
the liand or a piece of stick, after which the pigment is rubbed 
into the wound. The nature of this pigment appears to vary, and 
may consist of charcoal, obtained by burning various animal or 
vegetal substances. The hair of the beard has to be pulled out 
by the roots, as it would spoil the effect of the tattoo or moko. 

The pain of the operation of moko is naturally very great, especi- 
ally when performed on the lips, and hence but little tattooing can 
be done at a time, and it takes years for an extensive moko to be 
produced. Inflammation often sets in, and it may be weeks before 
the wounds heal. The Maoris perform post-mortem tattooing and 
moko at times, but this is to be distinguished from tattooing made 
during life by the appearance of the cuts and the absence of sub- 
cutaneous colour. 

In modern times the art of tattooing has been much developed 
by the Japanese, into whose, country it was introduced about 
300 years ago. The Japanese artists, by using special instruments 
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composed of fine and coarse needles, and by rubbing in various 
coloured pigments, produce the well-known designs so commonly 
seen on the arms and bodies of Europeans and Asiatics. 

Varieties.— The different varieties of tattooing described above 
may be classified as follows: — 

I. Simple tattooing. 

(a) Without furrows — tattooing of Japan and elsewhere. 

(^) With furrows — moko of New Zealand. 

II. Keloid tattooing — tattooing of Africa. 

Tattooing is not free from danger, for blood-poisoning, and even 
death, may result, while syphilis and tuberculosis of the skin may be 
acquired through the wounds. 

Treatment. — When the marks are small, excision may be resorted 
to, but in general any attempt at removal fails. Nicurowsky re- 
moves the tattoo marks by blistering with Finsen light applied in 
the same way as for lupus. Carbide snow may also be used, but 
the application must be prolonged, and r scar results. When the 
tattooing is performed witli gunpowder, it is said that the marks 
can be removed by painting with di-iodide of ammonium in solu- 
tion, and afterwards with dilute hydrochloric acid.^ 

Ainhum. 

Synonyms. — Quigila (Brazil), Sukha Pakla (India), Faddidite 
(Madagascar), Gundurum, Affovi-burunkue (Geges tribes), Banko- 
kerend^ (Sudan), Excresis Spontanea (A. Collas), Dactylolysis essen- 
tialis (G. Beauregard), Silva Lima’s disease (Egas Moniz de Aragao), 
Esola or Ombanja (Benguelo, West Africa). 



Fig. 878. — Ainhum. 

* Anyum,* or ' ainhum,’ is derived from a Yoruba word meaning 
to|saw or to cut, and is used by the Nag6s. 

Definition. — Ainhum is a chronic disease of the fifth, and more 
rarely of the fourth and other toes which occurs in native races, 
and (is 'characterized by Jhe formation of a furrow at the digiten 
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olaatar fold, which deepens and extends until it encircles the toe. 

which is finally severed from the foot. T^c•l T• • o- 

History.' — The disease was first described by Pa Silva Liitia in I052. 
Clarke, in i860, in his description of the Gold Coast, (kew attention 
to a dry gangrene of the little toe found in negroes in that region, 
and considered it to be a manifestation of yaws. In 1867 Pa Silva 
Lima further studied the disease, and with Wucherer desoribed 
fifty cases of it in Brazil, and introduced the term ‘ ainhum ',* in the 
same year Collas wrote an account of the disease. Pa Silva Lima 
ventured no explanation of the disease. In 1873 Crombie described 
the disease as occurring in India; in 1876 Pirovano found it in 
Buenos A5Tes; and in 1877 Corre mentions it in Reunion. 

It is reported in the West Indies by Potoppidian in 1879; in 
North Carolina by Hornaday and Pitman in 1881; in Nossi-Be by 
Peblenne in 1883; in Western Virginia by Puhring in 1884. This 
last observer, along with Wile, studied the disease microscopically, 
considering the essential pathological feature to be an inflammatory 
oedema of the hypodermis. In 1886 Eyles wrote an excellent 
account of the pathological histology of the disease as seen in the 
Gold Coast, concluding that irritation caused an internal prolifera- 
tion of the epithelium, which, extending into the cutis, damaged 
the vasomotor nerves, leading to a spasm of the vessels, endarteritis 
obliterans, fibrosis of the cutis, and rarefying osteitis, whereby the 
digit is separated from the foot. After this date there are a number 
of papers, among which may be specially mentioned those by 
Moriera, Dalgetty, and Maxwell in 1900, Muir in 1903, Ashley- 
Emile in 1905, and Egas Moniz de Aragao in 1910. 

Climatology. — The disease is known in South America, espe- 
cially in Brazil and the Argentina, and also in British Guiana; in 
North America, especially in the Southern United States, but also, 
though rarely, in the Northern, and in Canada. It also occurs in 
the West Indies. In Africa it is especially well knowi^ on the West 
Coast, and particularly in the Gold Coast, but it also occurs in 
Algeria, Egypt, Sudan, East Africa, Madagascar, and the Transvaal. 
In Asia it is known in India, China (?), and Ceylon. It. also occurs 
in Polynesia. We have seen a case in an Italian peasant. 

etiology. — The causation of the disease is not known. The 
theories suggesting that the disease is due to leprosy, wearing rings, 
or other tight bands, self-mutilation, may be dismissed at once, as 
there is nothing to support them. 

According to some authorities — Le Dantec, Da Silva Lima, etc. 
— the hereditary factor has a certain importance. Da Silva Lima 
quotes the example of a negro family all the members of which 
presented the condition. 

The racial factor has also been given much prominence, for the 
condition practically occurs only among natives and mulattoes. 

Zambacho Pasha, Eyles, and Moreira, are, in our opinion, correct 
in their view that the reason why the native races are attacked is 
because they walk barefoot, and that irritation or injury to the 
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sl?in of the little toe is more likely to occur in negroes, who often 
It is more common in males than in females, in 
adults than in children, and, though it can apparently be found at 
^ny age, is most common between thirty to thirty-five years. 

We are inclined to believe that the condition is of parasitic origin, the 
infection taking place probably through the small superficial lesions or 
wounds which may be found in people going barefooted. 

Pathology.— The constant irritation causes the epithelium to 
proliferate internally and depress the skin, and cause the fibrous 
tissue of the cutis to proliferate. There is also an endarteritis, by 
which the blood-supply is gradually cut off the distal portion of 
the toe, which therefore becomes oedematous and fatty, while the 
bone undergoes rarefying osteitis, so that the digit is gradually 
separated from the foot, a process which takes place through the 
bone of a phalanx. The histological examinai ion at the line of the 
furrow shows proliferation of the epidermis, which projects down- 
wards into the cutis, in which the connective tissue is increased in 
quantity. The vessels show endarteritis and periarteritis; the 
sweat-glands show proliferation and fatty degeneration of the cells. 
The bone is in a condition of rarefying osteitis. 

Distally to the furrow the joints are effaced; the tissues show 
fatty degeneration and oedematous infiltration. No organisms can 
be found. 

Symptomatology. — The disease is purely local, and is not, in our 
experience, attended by any general symptoms. It begins, as a 
rule, as a furrow on the inner side of the digito-plantar furrow, 
which slowly deepens and extends laterally and dorsally until the 
two wings meet on the dorsum of the toe. While this is proceeding 
the distal portion of the toe becomes swollen, and may appear as a 
small globule surrounded posteriorly by a deep groove, by which it 
is separated from the rest of the foot. Often an ulcer forms on the 
inner side of the groove, and may cause much pain. 

Left to itself, the disease will last from two to ten years, though 
cases have been reported of fifteen to fifty years’ duration; but 
eventually the toe drops off, or is knocked off, or is removed. The 
process may, however, begin again in the stump. 

Usually the fifth toe is affected, but in about 10 per cent, of cases 
the fourth toe may be affected, and much more rarely the second 
or the hallux. There are reports of the affection occurring also in 
the fingers. 

Diagnosis. — The diagnosis affords no difficulty, the presence of 
the constricting furrow being typical. It is easily differentiated 
from leprotic lesions of the toes by the sensibility being normal 
and by the absence of signs of leprosy in other parts of the body. 

The history makes the diagnosis clear between true ainhum and a 
peculiar congenital ring-like constriction of the toes described by 
so|me authors. This condition is present at birth, and its course 
is ’not progressive. 
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Prognosis. — There is no danger to life in the disease. 

Treatment. — The disease is best treated by making a longitudinal 
cut into the groove, when its progress may be stopped. 

Prophylaxis. — The essentials of the prophylaxis are cleanliness, 
and the wearing of stockings and boots to protect the foot from 
injury. 

Symmetrical Palmar Erythema. 

Chalmers, in 1899, drew attention to a symmetrical non-prurigin- 
ous palmar erythema found in Europeans on the Gold Coast, and 
extending along the ulnar side of the palms of the hands. The affec- 
tion was very persistent. We have seen similar cases in Ceydon. 

Acrodermatitis Vesiculosa Tropica. 

Historical and Geographical. — This skin disease was described by 
Castellani in Ceylon. It is of rare occurrence. 

etiology. — This is unknown, but the affection may be of neuritic 
origin. It does not seem to be connected with leprosy, in all our 
cases the search for Hansen’s bacillus being negative, and anaesthesia 
and other signs of leprosy being absent. No history of traumatism 
was elicited in our patients. 



Fig. 879. — Acrodermatitis Vesiculosa Tropica. 


Symptomatology. — In a well-marked case the skin of both hands, 
especially the fingers, appears glossy and tense, the fingers assuming 
often a tapering shape. Translucid vesicles the size of a millet seed 
or little more are seen deeply embedded in the skin of the fingers. 
They have clear contents, and the bacteriological examination 
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reveals absence of any bacterium. They may apparently remain un- 
changed for a long time, then may slowly disappear ; or a few may 
break, leaving very small superficial ulcers, which heal spontaneously 
and do not coalesce. The patient generally complains of very 
severe pains in the hands and fingers, which may be continuous, or 
may be of a neuralgic intermittent type. Pruritus is absent. There 
is often diffuse hyperaesthesia ; anaesthesia is never present. No 
thickenings are found along the nerves of the arm. The general 
health is not affected. 

Course and Prognosis. — The course of the disease extends to 
several months, and occasionally to two or three years, with periods 
of great improvement. Ultimately the condition may get cured 
spontaneously. The general health is not affected, but the patient 
is unable to work with his hands. 

Diagnosis. — This is based on the patient complaining of severe 
pains in the hands and fingers, on the presence of deep-seated 
cheiropompholyx-like vesich^s, on the glossy skin, and on the long 
course of the complaint. 

The condition is differentiated from cheiropompholyx by the 
severe pains and absence of hyperidrosis ; from a leprotic condition 
by the absence of anrcsthetic patches, and absence of other signs of 
leprosy on other pcirts of the body. Moreover, though the course 
is long, the disease generally becomes cured spontaneously. From 
dermatitis repens of Crocker and acrodermatitis perstans of Hallo- 
peau by there not being history of traumatism, by absence of 
exfoliative lesions, b}^ the less severe objective signs, and by the 
absence of the large foci of disease with marked borders and fringed 
with sodden epidermis, which is thrown up l)y the undermining 
exudate. 

Treatment. — The regular application of an ichthyol ointment 
(2 to 5 per cent.) to the hands and fingers, and the administration 
of the same drug (gr. iii.) three times daily by the mouth is beneficial. 
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CHAPTER XCVIII 

MISCELLANEOUS DISEASES 

Craw-craw — Dermatitis nodosa rubra — Lichen convex — Symmetrical ear 
nodules — Ear lipornata — Porter’s lipomata — Subcutaneous nodular lipo- 
matosis — Multiple pruriginous tumours of the skin^ — Angiofibroma 
contagiosum tropicum — Multiple pruriginous tumours — West Indian 
nodules — Mossy foot — Botryomycosis — The hyperkeratoses — Juxta- 
articular nodules — Murmekiasmosis — References. 

CRAW-CRAW. 

Synonym. — Nodular dermatitis (A. Plehn). 

etiology. — The cause of the malady is unknown. Pijper has 
described a diphtheroid bacillus. 

In the Ceylon gaols, where the disease is common, the prisoners believe it 
is due to the diet and to the manner of cooking the rice. 

O’Neil described in his case a Microfilaria which Manson is inclined to 
believe to be probably Microfilaria perstans. Nielly described, under the 
name of Mermatose parasitaire ' or ‘ craw-craw,’ a papulo- vesicular eruption 
in which he found nematode embryos in the papulo -vesicles and blood of 
the general circulation. The conditions described by these authors are not 
the dermatosis we call craw-craw, and resemble more what Daniels and 
ourselves call cooly itch. 

Symptomatology. — ^Under the term ‘ craw-craw ' African natives 
denote practically any pruriginous skin disease. Our African experi- 
ence has taught us that most of the so-called craw-craw cases are 
cases of neglected scabies or of tinea corporis, or what Daniels and 
ourselves call cooly itch. We apply the term ‘ craw-craw ' to a 
dermatosis met with in Africa, in Ceylon, and in various parts of 
the tropics, characterized by the presence of numerous hard, almost 
horny papules, occasionally slightly exfoliating at the top, varying in 
size between a millet-seed and a small pea. Some of the papules 
may be follicular. They are not of constant shape; some may 
be roundish and flattened, ana others acuminate. When disappear- 
ing, they may leave zones of hyperpigmentation. The eruption 
generally affects the legs and arms, but may spread to the whole 
body, excepting, as a rule, the face and scalp. Suippiirative and 
ulcerative lesions are absent, except as secondary lesions due to 
scratching. The proximal Ijmiphatic glands may be hard and en- 
larged. The disease, if not properly treated, may last manyjmonths, 
and even several years; some cases, however, become cured spon- 
taneously. 
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Diagnosis.— The disease with which craw-craw presents the, 
greatest resemblance is prurigo. It is distinguished from prurigo 
by the eruption appearing at any time of life, and not only in child- 
hood; by most of the papules being larger, of horny consistency, 
and not covered by a small bloody crust, as is often the case in 
prurigo; and by the fact that it may be cured spontaneously. 

The disease may be distinguished from tinea corporis by the 
absence of any fungus, iind from scabies by absence of burrows, and, 
of course, the absence of the Acarus, 


Treatment.— The regular application of a salicylic spirit lotion 
(2 per cent.), followed by / 5 -naphthol ointment (5 to 10 per cent.) for 

long periods of time, often induces 
a marked improvement, and in 
many instances a cure. Internal 
treatment (arsenic, ichthyol, etc.) 
does not seem to influence the 
disease. 


Dermatitis Pruriginosa Tropica 
(Cooly Itch). 

The term ' cooly itch' is often applied 
to dermatoses of various nature, in- 
cluding scabies. We use it to denote 
an extremely pruriginous dermatitis 
affecting coolies and occasionally Euro- 
peans in certain parts of the tropics, 
especially in the low country. No acari 
or similar parasites are found. 

etiology. — The aetiology is unknown; 
neither fungi nor animal parasites have 
been found. It may possibly be due 
to .some parasitic agent which remains 
on the body only for a short time in 
analogy to Copra itch (p. 2215). 

Symptomatology. — The eruption is 
generally found on the arms and legs, 
but may extend all over the body, 
even, though rarely, to the face. The 
patientcomplains of unbearable pruritus. 
1 he eruption is made up of small papules 
often covered by bloody crusts; vesicles, 
papulo-pustules, and pustules may be 
present, and the patient, on superficial 
to be suffering from scabies, but no 



Fig. 880. — Craw-Craw. 

examination, may be considered .v, ..... ol.j 
cunicula are found, and no acarus is observed. 


Prognosis. — The eruption is very obstinate, and may last for months. 

Diagnosis.— The absence of cunicula and of the sarcoptes difierentiates it 
from scabies. 

Treatment. Sulphur (3 to 10 per cent.) and naphthol ointments (3 to 10 per 
cent.) are very useful, though their action, as remarked by Daniels, is much 
slower than in scabies. 
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dermatitis nodosa rubra. 

condition has been described 

Etiology.— This is unknown. 

patfe”f s°u&ring^fr'^tLs^p* impression received on seeing a 
mom smallpox in the is that he is suffering 

of fever and thccloseHn^ni!^^ - * eruption, but the absence 

pox at once. In a well-marW will exclude small- 

face, arms, chest back and n the patient presents on his 

large papules aAd nodulel^^^^^’^^^^ ^ 

The colour of the eruptive 
ekments is an angry red; 
the shape, hemispherical or 
roundish; the size, from a 
small split-pea to a large 
pea. The surface of the 
papules and nodules is 
smooth, does not show 
umbilication, nor scales; 
their consistency is hard; 
most of the papules are not 
follicular. There is unbear- 
able pruritus, but the 
malady has no urticarial 
element whatever. Several 
of the superficial lymphatic 
glands are enlarged and 
hard. In several cases a 
well-marked enlargement of 
the parotid gland is present. 

The blood shows a certain 
degree of eosinophilia. The 
course of the disease is long Fig. 881.— Dermatitis Nodosa Rubra 
—six months to a year, and 

sometimes much longer ; the nodules become gradually smaller 
and may disappear completely ; they leave no scar or zones of hvner- 
pigmentation, but occasionally the skin may take a slightly scaly 

..^‘^‘^"’■rences may be observ^ed. ^ 

• fc ^ ^^^m a syphthde by the extreme pruritus and the 

indfficacy of mercury and potassium iodide. 

the papular stage of which it closely resembles bv 
the absence of fever, by the chronic course, and by the fa^that the 
papules never undergo a purulent change nor leave scars on healing 
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From acnitis by the unbearable pruritus arid by jthe eruption not 
being chiefly limited to the face, as well as by the absence of subse- 
quent necrosis. 

, From folliclis by the condition not being limited to the extremitifss, 
and by the absence of central crusts. 



Fig. 882. — Dermatitis Nodosa Rubra, 


From erythema multijorme by the eruptive elements being well- 
defined, persistent, solid papules and nodules. 

Prognosis.- -In most cases the general health is not much affected, 
but the patient complains of the disfigurement and the severe 
pruritus, and the course of the disease is a long one. Occasionally, 
after many recurrences, death ensues. 
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Treatment. — ^Arsenic, potassium iodide, mercury, do .not influence 
the disease. To allay the pruritus salicylic alcoholic lotions (2 per 
cent.) and ointments may be used. 

LICHEN CONVEX. 

Synonym. — Lichen Pilaris Convex: (Castellani). 

Historical and Geographical. — This affection — which has been 
described by Castellani — is very common in Ceylon, especially 
among natives. 

Symptomatology. — The regions of the body mostly affected are 
the thorax, dorsum, and shoulders. The disease is characterized 
by the presence of numerous firm papules, all of which are follicubtr. 



Fig. 883. — Lichen Convex. 


The surface of the papules is smooth; no squamae or (plugs are 
found; they have always a convex surface, and may be 'almost 
hemispheric, ^ to ^ inch in diameter. The colour of the papules 
has a pinkish hue in natives, and red in Europeans; they have no 
inflammatory base, they are not surrounded by any halo of in- 
flammation, nor is there hyperpigmentation, nor do they leave 
pigmented areas on healing. The eruption is very pruriginous. 
The regions affected may show hyperidrosis. The general health 
is not affected; the lymphatic glands are not enlarged; in a few 
cases the blood may show a slight degree of eosinophilia. 

The course is long, the eruption lasting about three to nine 
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months, and often recurring. When the eruption heals, no hyper- 
pigmentation is left. 

Diagnosis. — From pityriasis rubra pilaris by the papules never 
showing plugs and by the absence of scaling; from lichen planus by 
the papules not being flattened, nor polyhedric, nor umbilicated; 
from dermatitis nodosa rubra by the papules being always fojlicular 
and not so large; from a syphilide by the intense pruritus; from 
papular eczema by the papules being always follicular and larger 
and dome-like, with absolutely no inflammatory base, and by the 
skin not presenting a diffuse inflammation, whatever the stage of 
the disease. Moreover, even when the eruption is of long standing, 
the appearance of the skin between the papular elements remains 
quite normal, and there is no sign of what the French call lichenifi- 
cation. 

Prognosis. — The eruption lasts for several months, but generally 
heals spontaneously; recurrences arc observed. The general health 
is not affected. 

Treatment. — Potassium iodide, mercury, and arsenic have no 
effect. Externally, antipruriginous lotions and ointmenls may be 
used — as, for instance, a salicylic alcoholic lotion (2 per cent.), 
followed by a naphthol ointment (2 to 5 per cent.). Change to a 
cool climate is very beneficial. One of our cases improved on a 
vegetarian diet. 


SYMMETRICAL EAR NODULES. 

This condition has been described by one of us in Ceylon in 1910, 
but further experience will probably show that it is to be found also 
in other tropical countries. In the deep substance of the lobule of 
both ears— generally the condition is symmetrical — on palpation, 
a spherical nodule, hardly visible, is felt. Now and then the 
nodule becomes much larger, very tense, and may then present a 
somewhat translucid appearance ; after some days it becomes 
smaller again, and may be hardly visible. There is, as a rule, no 
subjective symptom during the periods of quiescence ; a feeling of 
tension and slight pain during the periods of increase of size of the 
nodules. 

The condition is not leprotic, there being no anaesthesia or 
other sign of leprosy; it may possibly be of parasitic origin, but 
nothing definite can be stated, as none of our patients would 
allow the removal of the nodule. Further investigation may show 
that it is allied to the peculiar condition called Nepaul tumour 
(see Chapter XC., p. 2010). 

EAR LIPOMATA. 

Symmetrical lipomala of the lobules are not rare (see Chapter XC., 
p. 2010). 
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PORTER’S LIPOMATA. 

Porters and hammock carriers often show one large lipomatous 
mass on one or both shoulders, where they carry weights, or where 
the pole on which the weight is carried presses. 

SUBCUTANEOUS NODULAR LIPOMATOSIS. 

Synonym. — Polymicrolipomatosis. 

This condition seems to be common in the tropics in Europeans 
and natives alike. It is characterized by the presence of subcu- 
taneous nodules, found only on palpation, roundish or oval, painless, 
the size of a pea to a nut. These are generally situated in the 
subcutaneous tissue of the arms, legs, and abdomen, and in our 
experience are not rarely mistaken for enlarged lymphatic glands. 
On tapping them with a sterile syringe only a trace of fatty material 
is removed, which, when placed on a slide, promptly dissolves when 
heated or treated with ether. The microscopical examination of 
one of these nodules, surgically removed vShowed it to be composed 
of fatty tissue. Occasionally the tumours become much larger and 
may be plainly visible. 

ANGIOFIBROMA CONTAGIOSUM TROPICUM. 

This disease was first described by Unna and von Bassowit z. So far, 
cases have been reported from the southern regions of Brazil only. 

Symptomatology. — The incubation period varies from fifteen to 
twenty-five days. There are no prodromal symptoms. The 
eruption consists of vivid red papules, which soon enlarge into 
nodules the size of a large pea to an almond. The eruption may 
affect any part of the body, but more frequently the face, neck, 
axillae, and genital organs. It is rarely found on the legs. It very 
frequently affects the various mucosae — oral, nasal, rectal, and 
urethral. The nodules present a smooth surface, of a violaceous 
colour, and they are somewhat of soft consistency; they bleed 
severely after the slightest traumatism. They may disappear spon- 
taneously without leaving any scar, or in other cases secondary in- 
fections may set in, and large ulcers develop. The eruption is not 
pruriginous, there is no fever, and the general health is not impaired. 

iEtiology. — This is unknown, but the disease is considered to be 
infectious. According to Bassowitz, the infection takes place 
during sexual intercourse, or by the habit the people of Brazil have 
of taking their mate (national leverage), using the same cannule. 

Histopathology, — According to Unna's investigation, the histo- 
pathology is quite different from what is observed in framboesia 
and syphilis. The nodules consist of fibrous tissue, with scanty 
cells intersected by extremely numerous bloodvessels. » 

Diagnosis. — -The disease must be distinguished from verruga 
peruviana and framboesia. In verruga peruviana there are severe 
constitutional symptoms — fever, and often enlargement of the liver 
and spleen. The condition, however, is considered to be identical 
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with verruga $ens 4 stricto (p. 1576), by Strong, Tyzzer, Brues, 
Sellards and Gastiaburu. In framboesia the nodules have a mori- 
foun surface, and do not bleed so easily. 

Treatment. — Mercury and potassium iodide are useless. Basso- 
witz recommends iron and arsenic internally, and externally the 
injection into the base of the nodules of a few drops [of formalin, 
or their excision, using the galvano-cautery. 

MULTIPLE PRURIGINOUS TUMOURS OF THE SKIN. 

Schamberg and Hirschler reported in 1905 two cases of multiple 
tumours of the skin in negroes, associated with itching. The 
tumours were sharply circumscribed nodules, from the size of a 
small pea to a large hazel-nut, situated on the extremities. They 
were of a blackish colour — the smaller smooth, the larger covered 
with a horny epidermis. These tumours showed, on histological 
examination, dilated vessels, cellular infiltration, with numerous 
mast cells, and the formation of new collagenous fibres. The same 
eruption was previously described in 1880 by Hardway in a white 
woman. 

WEST INDIAN NODULES. 

This affection, which seems to be very similar to the preceding 
one, has been described by Numa Rat in natives of the West 
Indies, who often confuse it with Guinea-worm. The eruption 
may attack any part of the body, and consists of subcutaneous 
nodules varying from the size of a pea to that of a small nut. 
There is extremely severe pruritus, and the natives destroy the 
skin covering the nodules with caustics, and extract the nodules, 
which appear yellowish-white and have a cartilaginous consistency. 

Histologically, according to Macleod, they consist mainly of 
hypertrophied connective tissue made up of thickened collagen 
bundles. The aetiology is unknown. 

MOSSY FOOT. 

Synonym. — Piernugoso. 

This affection is fairly common, according to Thomas, in the 
region of the Amazon. 

The foot is covered with dense, warty, very vascular, painful 
masses, as much as a half to three-quarters of an inch thick, which 
may spread to the leg. 

The disease is very chronic, and probably of parasitic origin. 

The suggestion has been made by Cranston Low that it may be a type of 
tuberculosis cutis verrucosa, and by Da Matta that it may be a form of 
leishmaniasis. 

BOTRYOMYCOSIS. 

Synonyms. — Botryomycosis Hominis, Granuloma Pyogenicum. 

Definition.— granulomatous condition characterized by the 
presence of coccal bodies of various size and collected in clusters. 
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Historical and Geographical Distribution. — The condition was 
first studied in horses, in which it occurs often in the testicular 
cord after castration; but it is common also in the pig, dOg, and 
cattle. Later it was found in man by Dor and Poncet in Europe. 
In the tropics it has been observed in Ceylon by one of us. 

iStiology. — The condition is believed by some observers to be due 
to an organism {Botryococcus ascojormans Kitt, Micrococcus botryo- 
genes Rabe), the botanical position of which is not defined. The 
organism appears in the lesions under the form of spherical bodies 
of very different size (0*8 to 12 /*), singly or collected in clumps, 
Gram-positive, and to a certain extent acid-fast. They seem to 
reproduce by a process of endosporulation. The cultures obtained 
by some authors have, however, all the characters of a staphylo- 
coccus. 

Some authorities, in fact, consider the disease to be merely a 
type of pyosis due to the usual staphylococci. Magrou, using a 
special technique, has succeeded in experimentally reproducing the 
disease by inoculating a strain of Staphylococcus aureus isolated 
from an ordinary case of sepsis. M. Nicolle and Cesari have shown 
that the serum derived from horses affected with botryomycosis 
neutralizes staphylococcal toxins. Letulle considers the disease 
to be due to an amoeba, and his results have been confirmed by 
Bureau and Labbe, but not by others. 

Pathology, — The condition, as seen by us in the tropics, has all 
the characters of a granuloma. The microscopical examination of 
sections shows young connective tissue with large numbers of 
plasma cells. Peculiar claviform bodies have been described by 
Magrou, who believes them to originate from the staphylococci. 
The lesions are very vascular. Later, denser fibrous tissue is 
observed. 

Symptomatology. — The condition generally develops on some 
suppurating wound, but may occur upon the site of any abrasion 
or wound. It appears as a small, generally cherry-red, granu- 
lomatous nodule or mass, often roundish, of various size — from 
a pea to a nut or larger. Occasionally the nodule may be pedicu- 
lated. At first it is of rather soft elastic consistency; later may 
become fibrous and much harder. There- is very little tendency to 
spontaneous cure. A very mild type of botryomycosis occasion- 
ally develops after vaccination. We have seen several such cases. 

Prognosis. — The general health is not much affected, but the 
condition has little or no tendency to spontaneous cure. 

Treatment. — Excision, followed by light cauterization with pure 
carbolic or chloride of zinc, is the only method of treatment. The 
pedunculated form may be cured by ligature. The disease may 
occur again after operation, but this is rare. 

Prophylaxis. — Care should be taken to keep suppurating wounds 
thoroughly disinfected. 
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THE HYPERKERATOSES. 

Definition. — A hyperkeratosis is any cutaneous condition in 
which the cells of the horny layer have a greater coherence than 
normal, as tested with pepsin and hydrochloric acid, and thus tend 
to pile themselves up in the form of horny scales. 

Remarks. — As defined above, a hyperkeratosis is more a s5nnptom 
than a disease, and most of the so-called primary hyperkeratoses are 
probably induced by some chemical change produced by an altered 
metabolic condition brought about by some infection. 

Thus syphilis and framboesia tropica are often believed to be the 
disturbing element which lays the foundation of these changes, even 
though no sign of their specific germs can be found in the lesions, 
which may appear long after the disappearance of other features of 
the disease, while the specific treatment for these complaints has 
little or no influence on the hyperkeratosis. 

Further, syphilis can certainly act upon the foetus in utero and 
lay the bases of changes of metabolism, which may result in the 
so-called congenital hyperkeratosis, and the same remarks, to a 
certain extent, appear to apply also to tuberculosis. 

Classification. — ^With the above provisos, the hyperkeratoses may 
be classified into: — 

A. Hyperkeratoses obviously associated with a causal disease : — 

1. N on-Jollicular : — 

Found in leprosy, arsenical poisoning, and hyperi- 
drosis. 

2. Follicular - 

Found in various tubercular and syphilitic affections, 
and some forms of lichen and acne. 

B. Hyperkeratoses oj unknown origin or remotely associated 

with syphilis, yaws, tuberculosis , etc .:' — 

[a) Develops during intra-uterine lije :■ — 

Hyperkeratosis universalis congeniic. 

(b) Develops during post-uterine lije : — 

1. Generalized affections: — 

Of these, ichthyosis and pityriasis rubra pilaris 
are met with in the tropics. 

2. Localized affections: — 

(i.) Non-jollicular : — 

(1) Without acanthosis or markedly dilated 

papillary vessels — Keratodermia. 

(2) Without acanthosis, but with markedly 

dilated papillary vessels — Angiokerato- 
dermia. 

(3) With acanthosis, but without markedly 

dilated papillary vessels — A cantho- 
keratodermia. 

(ii.) Follicular — Keratosis, 
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In the tropics we have met with leprotic and syphilitic hyper- 
keratoses, as well as with those connected with lichen planus. We 
have also seen ichthyosis, pityriasis rubra pilaris, and keratosis 
palmaris et plantaris, and several other forms; but of all these, 
three forms must receive a little further notice — viz. : — 

1. Keratodermia cribrata. 

2. Acanthokeratodermia praecornufaciens. 

3. Keratoma plant are sulcatum. 

KERATODERMIA CRIBRATA. 

Synonym. — Keratodermia punctata. 

Definition. — It is a localized non-foJIicular hyperkeratosis of the 
hands and feet, appearing in post-uterine life, in which the hyper- 
keratosic area is riddled with little pits caused by the shedding of 
little corn-like projections. 

Remarks. — In the tropics it was first described by Castellani and 
then by Chalmers. 

.etiology. — It seems that it is in some way associated with 
yaws or syphilis (congenital or acquired), probably by changes 
effected in the metabolism, and not by the action of their 
parasites. 

Pathological Histology. — The essential points are a mild chronic 
inflammation of the dermis and a hyperkeratosis of the sweat orifices, 
leading to the formation of corn-like projections, which are freed 
laterally and finally all round, and then fall out, leaving a 
depression. 

Symptomatology. — The palms of the hands or soles of the feet 
may show hyperkeratosis associated with slight itching. In the 
hyperkeratosic area there arc many corn-like bodies, some of which 
have fallen out and left depressions. The condition is very 
chronic. 

Diagnosis. — The bilaterally symmetrical hyperkeratosis of the 
palms or soles, with the pits in the thickened areas and the corn- 
like bodies, are characteristic. 

Treatment. — Nothing is known to permanently benefit the 
condition. 

ACANTHOKERATODERMIA PR^CORNUFACIENS. 

This is an acanthokeratodermia characterized by the formation 
of thickened patches of epidermis in the palms of the hands and soles 
of the feet, which may (in the latter situation) become cracked and 
fissured and break down, forming painful sores, which prevent the 
patient from walking. Sometimes they are associated with a 
thickening of the horny layer of the nail-bed, thus giving rise to a 
peculiar elevation of the nail called by Unna hyperkeratosis subun- 
gualis. Most patients have been affected with syphilis, but the 
specific organisms cannot be found in the lesions, and anti syphilitic 
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tfeatrrient is generally useless. Pathologic^ly the condition resem- 
bles that in the first stage of the- production of a cutaneous horn, 
which, indeed, *had formed in one case 'reported by Colcott Fox. 



Fig. 884. — AcANTHOKERATODERMIA PRiECORNUFACIBNS. 



Fig. 8S5. ACANTHOKERATODERMIA PRiECORNUFACIENS. 


KERATOMA PLANTARE SULCATUM. 

Historical and Geographical. — This disease was first described by 
Castellani in Ceylon. It is found also in India and tropical Africa! 
and a case has been recorded in Macedonia. 

/Etiology —This is unknown, though in certain cases yaws may 
perhaps play a role in its causation. The affection is much more 
frequent during the rainy season, and occurs generally in natives 
who do not wear shoes or sandals; but we have seen, a typical 
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case in a European of good social standing. It improves or dis- 
appears completely during the dry season. 

Symptomatology. — The epidermis of the soles — especially the 
anterior portion— and the heels is greatly thickened, and is generally 
01 a dark yellowish colour, and presents numerous deep segmentary 
turrows, straight, semicircular, or ellipsoid; these furrows appear 
ack, but if the dirt and' dust accumulated in them is removed, the 
tundus of these sulci will be found to be whitish or pinkish. There 
IS no sign of any local inflammation, though the patient generally 
complains of tenderness 'of the feet after much walking. 

Diagnosis. This js jbased on the presence of the characteristic 
deep sulci and punched-out holes in' the thickened epidermis, which 
are absent in lesions of the soles of the feet of syphilitic ’origin. 



Fig. 886. — Keratoma Plantare Sulcatum. 


Moreover, a mercury and potassium iodide treatment has no effect 
whatever on the malady. In yaws the lesions of the soles of the 
feet are, generally, either granulomatous, with large frambeesiform 
nodules piercing through the thick epidermis, or a diffuse scaly 
condition with thickened epidermis is observed. The rare pitted 
condition of the soles of the feet (p. 1550) found in yaws is distin- 
guished by its lack of seasonal incidence and by the history. In 
the condition known as ' symmetrical keratodermia of the ex- 
tremities ' no deep sulci are found. The so-called * mal de meleda/ 
which is very common in the Island of Meleda in the Adriatic, is, 
according to Neumann and others, identical with symmetrical kera- 
todermia, and no deep sulci are present. 

Prognosis.—The general health is not affected, but the condition 
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may last for months, and if the patient has much walking to do, 
may become very painful. 

Treatment. — Potassium iodide, mercury, and salvarsan are useless. 
Rest and local applications of salicylic ointment or salicylic collodion 
(ac. salicyl., 3i- ; collodion, |i.), or salicylic plasters induce a marked 
improvement. 


JUXTA-ARTICULAR NODULES. 

Synonyms. — ’Enno/ Naride, Macgregors nodules, Steiner's 
tumours, Jeanselme’s nodules. 

Historical and Geographical. — This affection was first briefly 
described by Maegregor in 1901 in New Guinea, who also suggested 
a possible parasitic origin of it. It was later more fully studied by 
Steiner in natives of Java and by Jeanselme in natives of Siam, where 
it is known as ‘ enno.' jeanselme Introduced the very appropriate 
term of ‘ juxta“articular nodules.' Fontoynont and Carougeau in 



Fig. 887. — JuxTA- A rticular Nodules. 


Madagascar jeonsidered/ the cause of the affection to be a fungus, 
Nocar dia carougeaui Brumpt, 1910. Cases have been observed in 
Northern Africa by Gros and in Ceylon by us, also by Chalmers and 
Archibald in the Sudan. The disease will probably be found 'to 
occur in many other tropical and subtropical countries. 

etiology.— Maegregor, Steiner, and Jeanselme considered the 
nodules to be of parasitic origin, while Fontoynont and Carougeau 
found a fungus which they believed to be the aetiological agent of 
the condition. The description of this fungus — Nocar dia carougeaui 
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given in the chapters on fungi (see pp. 1065 and 
1066). Recently the presence in the nodules and etiological role 



Fig. 888. — Jqxta-Articular Nodules. 


of this fungus has been doubted 
observers consider the condition 
framboesia. 

Symptomatology. — In the legs 
and arms, especially in proximity 
to the articulations, several no- 
dules are found, some of them the 
size of a walnut or more, of rather 
hard consistency, and covered 
by healthy skin. According to 
Macgregor, these tumours occur 
most frequently about the elbows, 
or the parts of the body coming 
in contact with the ground when 
the native is sleeping. These 
nodules at first are rather soft, 
and are situated in the subcuta- 
neous tissue, and the skin may be 
moved above them. Later they 
may, apparently, fuse together, 
forming hard, large tumours, and 
adhere to the skin, which gener- 
ally does not present any alter- 
ation. The course is very clironic, 
but occasionally the nodules may 
disappear spontaneously. 

Treatment. — The nodules may 


by many authorities. Several 
to be a late manifestation of 



Fig. 


889. — Murmekiasmosis 
Amphilaphes. 


be excised. In the very first 
stage of the disease a potassium iodide treatment might be tried. 
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MURMEKIASMOSIS AMPHILAPHES. 

Chalmers and Christopherson have described a case (Fig. 889) 
of spreading warts, associated with Cryptococcus myrmecice, which 
grew on the skin of the face and neck, destroyed an eye, and entered 
the mouth. 

LYMPHO-FIBROMATOSIS. 

This is a condition of elephantoid fibrosis (Fig. 890) met by us 
in Ceylon and Africa. It is sometimes associated with a secondary 



Fig. 890. — Lympho-Fibromatosis. 

pyogenic eruption. Some cases may be associated with filariasis, 
but others are not. The skin is elevated into large, raised, (flattened 
patches of fibrous consistency. The condition is chronic. 

SEBORRHOEA SPINULOSA. 

This condition has been seen by Castellani and Chalmers in various 
parts of the tropics and the Balkans. It is characterized by the 
presence of numerous yellow plugs, some of which are acuminate 
and hard. These plugs project from the orifices of the sebaceous 
ducts, and are often situate on an oily skin. Ordinary black come- 
dones are absent. The term ‘ seborrhcea spinulosa ' probably 
covers several varieties of seborrhcea. 
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CHAPTER XCIX 


COSMOPOLITAN SKIN DISEASES 

General remarks — Pyogenic infections — The erythemata — The exanthemata 
— Urticaria — Dermatitis venenata — Parasitic diseases — Bullous eruptions 
— Herpes — Eczema, psoriasis, seborrhcea, and dermatitis exfoliativa — 
Acne — Hyperidrosis and bromidrosis — Lichen — Tumours — Tuberculosis 
— Syphilis — Ichthyosis — Kaposi’s disease — Chloasma — Diseases of the 
hair and nails — Some cosmopolitan diseases of mucous membranes. 


GENERAL REMARKS. 

In our experience, all the skin diseases met with in temperate zones 
are also found in the tropics, except those due to intense cold, such 
as erythema pernio and frost-bite, and even these may also be 
found in the high mountainous regions of the tropics. 

The diagnosis of some of the cosmopolitan dermatoses may, owing 
to the colour of the skin of native races, be very difficult to the 
medical man newly arrived in the tropics. This is probably the 
cause of some of the statements that such common diseases as lichen 
planus and psoriasis are absent. There is no doubt, however, that 
some dermatoses which are frequently met with in temperate zones 
are less common in the tropics. 

It is stated by some authorities that coloured races are, on the 
whole, less liable to skin diseases than the white races, but the 
reverse is more in accordance with our experience. 

A few remarks as to the normal skin of native races may be 
useful before proceeding to review the various cosmopolitan diseases. 
In the African races and American negroes who descend from 
African negro stock (Guinea negroes, Yoloffs, Caffres) the whole 
skin, especially the derma, is thicker than in the white races. In 
Indian races the skin is about the same thickness as in Europeans, 
except in the Tamils, whose skin is somewhat thicker. As noted by 
Howard Fox, the glandular system — sweat glands and sebaceous 
glands — is much more highly developed in the native races, espe- 
cially the African negroes. The sebaceous secretion is the cause of 
their peculiar odour and the shining appearance of the skin, and 
the large secretion of sweat, which, owing to the high temperature, 
quickly evaporates, is the probable cause of the skin feeling cooler 
when touched. In native races the hairy system is less developed, 
except on the scalp; in the African races the hair of the head is 
generally curly or woolly; in Indian races it is usually smooth. 
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The slight development of lanugo hair is the cause, as noted by 
Fox, of the peculiar velvety feeling of the negro skin. 

The most important characteristic of the skin of tropical native 
races is the dark pigmentation. It is said that this pigmentation 
is not present at birth, but develops within a few hours to several 
days after birth. In our experience, it cannot be doubted that at 
the time of birth in many cases the babies present a much lighter 
colour than the adult people. The skin, however, is not whitish, 
but of a muddy brownish colour, and darkens greatly within a few 
days— in some cases is quite dark also at the time of birth. It is 
said that the pigmentation increases till puberty, and then, after 
remaining stationary during adult life, slowly decreases during old 
age. The maximum pigmentation is found on the loins, posterior 
portion of the trunk, shoulders, buttocks, and thighs; the least pig* 
mentation is found on the prepuce, vulva, palms, and soles. In 
some races the oral mucosa is not pigmented; in others there is a 
patchy dark pigmentation which extends often to the tongue. The 
dark patches on the tongue have been considered by several writers 
to be a pathological condition, and a sign of ankylostomiasis. We 
have observed such patches, however, in numbers of normal natives. 
The hair is said to become white at a later date among negro races 
than in Europeans;* we have not noted any distinct difference, 
either among them or the natives of Asia. 

It is said by some writers that native races, and especially the 
negro African races, are less susceptible to pain than the white 
man. In our experience there is hardly any difference in the 
ordinary dolorific sensibility, but the thermic sensibility is probably 
less. 


PYOGENIC INFECTIONS. 

These are very common in tropical countries. Impetigo and 
Ecthyma lesions arc frequently met with. The symptoms and 
course are identical with what one finds in temperate zones, and 
the treatment is the same — ^removal of the crusts, disinfection with 
a lotion, such as a perchloride of mercury (i in 2,000), and dressing 
with a white precipitate ointment (i per cent.). 

Boils. — This is a common affection in the tropics, very stubborn, 
and difficult to cure. The quickest and most reliable method of 
cure in cases of multiple boils is in our experience, Wright's vaccine 
treatment, the vaccine being prepared from staphylococci isolated 
from the patient. When this treatment cannot be carried out, the 
administration of yeast preparations internally will be found to be 
useful in some cases— ^.g., ceridin pills. Occasionally a small boil 
may be aborted by applying a droplet of pure carbolic acid by 
means of a pointed pencil of wood drilled into the centre of the 
papule. For old indurated boils the continuous application of a 
carbolic lotion (2 to 5 per cent.) on lint occasionally causes them to 
become absorbed. 
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As a, preventive, a salicylic alcoholic lotion (i to 2 per cent ) 
used after the daily bath is advantageous. 

Sycosis eoccogenica.— This, is fairly common in both Europeans 
and natives. In the negroes Fox has often observed the formation 
of tiny cheloidal tumours after this affection. Depilation and the 
use of a vaccine is the best method of treatment. We have 
observed a case of Dermatitis papillaris capillitU (Kaposi). 

Erysipelas.— Ordinary erysipelas due to streptococci, and to be 
IS inguished fiom the filarial erysipelatoid attacks preceding the 
development of elephantiasis, is not rare. Ichthyol ointment or 
lotion (lo per cent.) answers well. 


THE ERYTHEMATA. 

Erythema solare is common in Europeans recently arrived and ih 
those who live an open-air life, such as planters. It is followed 
by pigmentation (sunburn, see pp. 82 and 2231). The application 

of calamine lotion, followed by the 
use of boric vaseline or rose-ointment , 
is beneficial. 

Erythema intertrigo is very fre- 
(jucntly observed in corpulent 
persons. Washing the parts with a 
potassium permanganate solution 
(i in 5,000), followed by application 
of boric-talc or salicylic-talc powder 
(acid, boric. 3i., talci gi., or ac. salicyl. 
gr. X., talci gi.), is useful. Persons 
suffering from intertrigo are very 
liable to become infected with tinea 
cruris. 

Erythema nodosum — Erythema 
multiforme.— These affections are 
occasionally met with, but much 
more rarely than in temperate zones. 
We have seen two cases of the 
variety of erythema multiforme 
known as herpes iris. 

Erythema annulatum and Erythe- 
r F A t nia gyratum, in persons suffering 

from fever, and coming from tropical Africa, should always arouse 
the suspicion of trypanosomiasis. 

Diffuse Erythema scarlatiniforme and Erythema morbllliforme 
may be seen in some malarial patients. They may occasionally be 
caused by quinine, but in most cases are of malarial origin. The 
diagnosis of erythemata in dark natives is difficult. The medical 
man of long experience, however, will be able to detect a peculkr' 
shiny aspect of the skin, with a distinct pinkish tinge ^ 



Fig. 891. 


-Herpes Iris. 
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Purpura.— Schonlein's purpura, Henoch's purpura, and Werihof’s 
purpura are not common in the tropics, though we have seen cases. 

A symptomatic purpura eruption is occasionally seen in the last 
stage of kala-azar, in malaria and other maladies. 

THE EXANTHEMATA. 

Smallpox, chicken-pox, and measles are very common in the 
tropics, though scarlet fever is but rarely met with. 

Smallpox, of which we have already given a description (p. i486), 
is very common, and often spreads in extensive epidemics, and 
may present the confluent type and the haemorrhagic type, which 
is rare in Europe. In colonies under European rule vaccination 
is extensively practised. The vaccine does not retain its im- 
munizing properties for more than a few weeks in the tropics, and 
hence it is advisable for each colony to be provided with a central 
vaccine depot where the lymph can be prepared under careful 
supervision. Owing to the habits of the lower classes and to many 
of the vaccinators being non-medical men, serious infections with 

other diseases may occur. • • j i 

Measles may be difficult to recognize, as the eruption in dark- 
skinned races is better felt than seen, but the coryza and other 
symptoms are generally sufficient to enable a correct diagnosis 
to be made. 

URTICARIA— LICHEN URTICATUS—PRURIGO. 

Urticarial eruptions are as frequent in the tropics as in temperate 
zones, though to the new-comer the diagnosis of urticaria in dark- 
skinned natives is far from easy. Of lichen urticatus we have seen 
several cases among European and half-caste children, and of 
urticaria pigmentosa we have seen one case — a European child. 
We have observed true prurigo of Hebra in two native girls. 

DERMATITIS VENENATA. 

Several tropical plants and grasses produce substances highly 
irritating to the skin, but the subject has already been treated, m 
Chapter XCIV., p. 2151. The dermatitis so caused may be urticari^J, 
erythematous, eczematous-like, or bullous, and may extend to large 
portions of the body. The forms of dermatitis venenata due to 
animal agents, such as ants, bugs, caterpillars, etc., have been 
already mentioned in Chapters XIV. and XCVI., p. 2200. 

PARASITIC DISEASES. 

Trichophytoses. — In tropical countries, in addition to the tricho- 
phytoses peculiar to the tropical climate, several other forms of 
trichophytic affections occur which are clinically identical with 
those met with in temperate zones, such as tinea circmata, tinea 
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capitis, tinea barbae. The fungi are, however, in most cases 
different species (see p. 2052). In our experience, tinea capitis 
is less common in India, Ceylon, and tropical Africa, than in 
Europe and America. On the other hand, it is extremely common 
in the American negroes. The fungi found in the tropics are 
generally large-spored ones. Microsporum audouini has never 



been found by us. Favus 
is rare in tropical Africa 
and Asia, but common in 
China, Egypt and in the 
Sudan. 

Pityriasis versicolor. — 

The pityriasis versicolor 
of temperate zones may 
be found in the tropics. 
It is to be noted, how- 
ever, that several writers 
on tropical medicine con- 
fuse pityriasis versicolor 
with another dermato- 
mycosis which is ex- 
tremely common — tinea 
flava (see p. 2073). 

Pediculosis and Scabies. 
— Pediculosis capitis is 
extremely common, 
although natives gener- 
ally take great care to 
keep their hair in good 
condition by regularly 
combing, washing, and 
oiling it. According to 
Fox, Carmichael, and 
Pendergast, pediculosis 
capitis in the Southern 
States of North America 
is much less frequent in 
the negroes than in the 
whites, as, according to 
them, the negroes take 
greater pains in the care 


^ . or tne scalp than do the 

owei -class whites. Pedicnlosts corporis and Pediculosis pubis are 
as frequent m the tropics as in temperate zones, and so is scabies. 
Pediculosis pubis may, however, be very rare or absent in races 
accustomed i o regular shaving of the pubic hair. For description 
of the parasites see p. 753. Scabies is described on p. 
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BULLOUS ERUPTIONS. 

Epidermolysis bullosa is occasionally observed. 

Pemphigus vulgaris and Septic pemphigus cases are not rare in 
the tropics. In the cases of septic pemphigus we have always 
found virulent streptococci. The eruption is similar to what one 
sees in temperate zones. We have seen a case of Pemphigus 
vegetans, ^and we have observed a typical case of Pemphigus folia- 
CBUS, contracted in Ceylon, and another in Indo-China. Dermatitis 
herpetiformis is not rare. 

Of Hydroa vaeciniformis we have seen two cases in European 
children.) 

HERPES. 

Herpes facialis febrilis'is common during attacks of malarial fever 
and other fevers, but very rare, as is well known, in enteric. 

We have seen in European children a simila^* condition to what 
some French writers call fitorc Iwrpeiiqiie. The condition, as seen 
by us, is characterized by a sharp attack of fever lasting about 



Fig. 893. — Psoriasis. 

twenty-four hours, and at the same time by the appearance of a 
few herpetic vesicles — in our cases on the thighs and buttocks. 
Herpes progenitalis is very common, especially in Europeans. 
Herpes zoster (zona, shingles) is frequently met with in Europeans 
and natives. 



> 227 ® 


COSMOPOLITAN SKIN DISEASES 


ECZEMA— ACRODERMATITIS PERSTANS— PSORIASIS- 
PARAPSORIASIS— SEBORRHCEA— DERMATITIS EXFOLIATIVA. 

Eczema is extremely common, and all varieties of it, are found 
in the tropics, as in temperate zones, both in natives and Europeans. 
The treatment is often very difficult. In our experience greasy 
preparations and even pastes are as a rule badly borne except 
in some chronic cases. Generally speaking, it is best to use lotions 



Fig. 894. — Psoriasis m A Sinhalese. Fig. 895. — Dermatitis Exfoliativa 

IN A Sinhalese. 

such as resorcin (i to 1 per cent.) or liq. plumbi (2 per cent.). Some 
cases of eczema will improve only on the patient going to a cooler 
climate. Wilson's Eczema verrucosum, characterized by great 
dryness and hardness and warty appearance of the affected part, 
is frequently met with among natives, in whom it mostly attacks 
the toes. 

Acrodermatitis Perstans.— We have seen two cases of a very 
obstinate chronic dermatitis, with exfoliation, on the .extremities 
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of Sinhalese natives, apparently identical with acrodermatitis per- 
stans of Hallopeau. They were different clinically from the 
acrodermatitis vesiculosa described by one of us. 

Psoriasis is considered by most writers to be extremely rare or 
absent in native races in the tropics. Rutz states that he never 
saw a single case of psoriasis in a negro during his many years of 
practice in, Martinique. Howard Fox, senior, thinks that possibly 
the savages of Africa are free from psoriasis on account of exposure 
of the skin to sunlight, and that the negroes of North America 
have inherited this pecu- 
liarity. In our experi- 
ence, psoriasis is fre- 
quently met with in the 
tropics in Europeans and 
natives of every race. 

Seborrhoeic affections 
are common in the 
tropics, especially in 
Europeans. A sehor- 
rhceide of the chest is 
frequently met witl\, and 
often confused with ring- 
worm. The microscop- 
ical examination will 
clear the diagnosis. The 
use of a sulphur ointment 
(5 per cent.) is the best 
treatment. 

In Ceylon a peculiar 
form of seborrhoea cap- 
itis with yellowish scales 
is occasionally seen in 
European children be- 
tween four and twelve 
years of age. This affec- 
tion is probably due to 
Pityrosporum cantliei 

Castellani, 1908, and g — Dermatitis Exfoliativa simu- 

quickly disappears when lating TineaJ^Imbricata. 

the child goes to cooler 
climates. 

Dermatitis exfoliativa (pityriasis rubra) is not rarely met with, 
occasionally following on psoriasis. In Ceylon we have observed 
two cases in Sinhalese natives. The amount of desquamation w^as 
enormous. On removing the scales, which were white, the skin 
appeared of an angry red colour. At times, on superficial examina- 
tion, certain cases may be mistaken for diffuse tinea imbricata. 
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ACNR "VULGARIS— ACNE ROSACEA— ACNE VARIOLIFORMIS— 
ACNE CHELOID. 

Acne vulgaris and Comedos are extremely common in all races. 
Both types of acne — Acne indurata and Acne papulosa et pustulosa— 

are observed. The treatment, which is as difficult in the tropics as in 
temperate zones, is based on the use of medicated soaps and sulphur 
or ichthyol lotions or ointments. The vaccine treatment may 
occasionally give good results. 

Acne rosacea is, in our experience, comparatively rare in the 
tropics, though we have seen cases in all races. True rhinophyma 
we have also observed. 

Acne Varioliformis. — This, in our experience, is as frequent in 
the tropics as in temperate zones, and may be found in all races. 
The regions of the body more commonly affected are the fore- 
head, temples, the front of the sternum, and the interscapular 
region. 

Acne cheloid is very common, especially among native races. 
The back of the neck is generally ahected. Cases of AcniU's and 
Folliclis are occasionally seen. These are probably tuberculides. 

HYPERIDROSIS AND BROMIDROSIS. 

These conditions are, for climatic reasons, very common in the 
tropics, and have already been considered (see p. 2222). The 
treatment may be very difficult. Naphthol or salicylic alcoholic 
lotions (i per cent.), followed by a salicylic, boric, or tannoform 
powder, are useful. If there is much inflammation of the skin, no 
alcoholic lotions should be used, but simply water solutions of boric 
acid (2 per cent.) carbolic acid (J per cent.), permanganate of potas- 
sium (i in 5,000), and occasionally hydrargyrum perchloride (i in 
2,000 or 4,000), after which a salicylic or boric powder is applied. 
The same powder should be sprinkled on the socks and shoes and 
undergarments. Internal treatment by sulphur, acid drinks, 
etc., is not of much use. Belladonna and atropin will stop the 
secretion for a time, but they must be pushed till unpleasant 
symptoms occur. Wc have seen a case of chromidrosis of the axilla 
in a native boy due to the presence of a bacillus closely allied to the 
Bacillus prodigiosus, and another due to a red-pigment -producing 
coccus. 

Granulosis ruhra nasi is occasionally seen in half-caste and 
European children. 

LICHEir PlANUS— LICHEN SPINULOSUS— PITYRIASIS RUBRA 
PILARIS— PARAKERATOSIS VARIEGATA— POROKERATOSIS. 

Lichen planus is common in the tropics among Europeans and 
natives of the various races. In very dark-skinned natives the 
diagnosis may be difficult to tlie medical man used to seeing skin 
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diseases in Europeans only. Apart from the colour, ho'w^er, the 
skm lesions are identical, the papules having an angular outline 
and a flat, occasionally umbilical ed, shiny surface. When the 
eruption disappears, it generally leaves behinA some pigmentation, 
which IS extremely well marked in natives. Lichen nitidns has been 
seen by us on the penis of a half-caste and several Europeans. 

Lichen spinulosus is occasionally met witli in children. 

Of Pityriasis rubra pilaris we have seen a case in a Eui opean. 

Parakeratosis variegata was seen by us in a half-caste patient. 
We have^come across two cases among nati\xs of Mibclli and 
Resphighi's Porokeratosis. We have seen a case of Granuloma 
annulare in a European planter and one in a native clerk. 

TUMOURS OF THE SKIN. 

The tumours met with in temperate zones arc met with also in 
the tropics in Europeans as well as natives. There is no doubt, 
however, that native race's are more subject to some classes of 
tumours than to others. We would call attention to the extreme 
frequency among the natives of cheloid, the common occurrence of 
fibroma molluscum, and the comparative rarity of epithelioma of 
the face. 

CONNECTIVE-TISSUE TUMOURS. 

Benign Connective-Tissue Tumours. 

Simple fibroma, Fibroma pendulum, and Fibroma molluscum 

(neuro-fibromatosis of Recklinghausen) arc; very frequently nu't 
with in natives. Myomata are occasionally observed— in our cast's 
always on the face. 

Angiomata are not rare, and multiple Telangiectases are fairly 
common, and Lymphangiomata very frequent. 

Xanthoma planum and Xanthoma tuberosum are fietpitutly 
observed. 

Xanthoma diabeticorum is very common in India and Ce ylon, 
where the better classes suffer greatly from diabetc'S. An example 
of Baker’s Pseudo-Xanthoma 
or Elastorrhexis affecting the 
abdomen was observed by us 
in a half-caste woman. 

Cheloid. — Thisis extremely 
freqiu'ut in native races. 

According to some authors, 
negroes suffer from it sixtet'ii 
to eighteen times as much as 
whites. In Indian races it is 
not so frequent as in African 
natives, but still, much 
more frequent than in 
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Europeans. The smallest wounds, such as those made in tattooing, 
may be followed by cheloid. In Chinamen it often follows hypo- 
dermic injections of morphia. 

Malignant Connective-Tissue Tumours. 

Multiple sarcomatosis of the skin is rare. We have seen two cases, 
both in Sinhalese girls. 

Mycosis fungoides has been observed by us once only in a half- 
caste man. 

EPITHELIAL TUMOURS. 

Benign Epithelial Tumours. 

Epithelial moles are frequently observed. 

Molluscum contagiosum is met with in all races. 



Fig. 898. — Molluscum Contagiosum. 


VerrucsB and Warts are extremely common. In two instances we 
have seen Sinhalese boys covered all over the body with hundreds of 
warts. Filiform warts are met with, and warts on the genital organs 
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Fig, 901. — Fibroma Molluscum: Larger Variety. 



Fig. 902. — Fibroma Molluscum: Larger Variety. 


are very common. Verruca senilis and Verruca sehorrhaica are 
frequent. The best treatment for ordinary warls is carbon dioxide 
snow. 

Fscomel has drawn attention to a peculiar treatment for warts in vogue 
among certain races in South America. These people apply ;the crushed body 
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of a beetle belonging to the genus Meloe to the wart, the horny layer of which 
has been first scraped off. The wart disappears, leaving a slight whitish scar. 
The active principle is to be found in the beetle's blood. 

Hypcrk^rditosis of the whole sole is often observed in natives going 
barefoot. We have seen several cases of Cornu cutaneum ; the 
situation was generally on the hands, but in a case the condition 
developed at the edge of an ulcus tropicum (see Fig. 862, p. 2187). 

Malignant Epithelial Tumours. 

Rodent ulcer is comparatively rare among natives, but we have 
seen one case in a Sinhalese woman. We have observed a case of 
Melanotic carcinoma and two of Pagef s disease of the nipple among 
half-castes. 


MIXED TUMOURS. 


Adenoma sebaceum of the face has been seen but rarely by us. 
We have never observed in the tropics cases of true Angiokeratoma 
on the hands, but we have 
somewhat similar tumour 


on the scrotum of a European. 
A diffuse type of angiokeratoma 
of the foot .somewhat resem- 
bling myceloma has been de- 
scribed in South America 



(see p. 2147). 


RHINOSCLEROMA. 

A case of rhinoscleroma has 




been observed by us in an 
Indian coolie, and Gros has 
reported the occurrence of the 
disease in Algiers. 

TUBERCULOSIS AND 
TUBERCULIDES— LUPUS 
ERYTHEMATOSUS. 

Lupus vulgaris is met with in 
the tropics in all races, but, 
according to our observation, is 
far from being so common as in 
Europe. 

Tuberculosis verrucosa cutis is 



905. — Lupus Vulgaris in a 
Sinhalese. 


very rare, and Scrofulodermia 

much less common than in temperate zones. All the so-called 

tuberculides— Lichen serofulosorum. Acne scrofulosorum, Bazin’s 
Eiythema Induratum, Foiliclis, and Acnitls— are observed but 
rardy in the tropics. 
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Lupus erythematosus, as regards which we agree with those 
writers who do not consider it of tubercular origin, is very rare 
in the tropics. 

While tuberculosis of the lungs is at the present time extremely 
common in many parts of the tropics, skin affections of tubercular 
origin are, comparatively speaking, infrequently met with. 

SYPHILIS— VENEREAL SORES— BALANO-POSTHITIS. 

At the present date syphilis is rampant all over the tropics. 
In the past there is reason to believe that it was unknown in many 
of those tropical regions which were unopened to the cosmopolitan 



Fig. 904. — Papulo-Squamoos Syphilide. 


trade. According to Lambkin, in some parts of Uganda syphilis 
affects more than half of the population, and this enormous diffusion 
of the malady has taken place during recent years since the country 
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has been opened up Syphilis is very frequently observed now al-o 

Asia ft\tUen"no?H commll inTo^f^ 

Asia. It has been noted by Fox that in America it is much more 

Violence, as weU as the symptoms of the disease, not much 
different from what one sees in Europe. We can, howeve? coE 
Brault s observation on the frequency of theprimarylore 
^pra-pubic region of natives, who regularly shave their pubis. 
Perhaps the general enlargement of the Ij'mphatic glands is^more 



Fig. 905.— Pustular Syphilidk 


marked in natives, and circinate and pustular syphilides, as ob- 
served by H. Fox, are more common. The tertiary ulcerative 
lesions are apt to become of enormous proportions, owing to second- 
ary infections, and to the patient not seeking proper medical advice 
for a long time. Of great interest is the fact that in uncivilized 
native races the so-called parasyphilitic affections (progressive 
paralysis and tabes dorsalis) are extremely rare. 

As regards the treatment of syphilis in the tropics, inunctions are 
very unpleasant in a hot damp climate. We generally prefer the 
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ordinary internal treatment by hydrargyrum cum creta, gr. i., three 
times daily, and give also in most cases several miections of salvarsan 
or neosalvarsan. The technique ot the salvarsan treatment has 
been given in the chapter on Framboesia p. 1560. We use also 
injections of various preparations of mercury. A mixed mercury 
and po assium iodide treatment is of advantage in some cases. 
Natives are said by some authors to be extremely susceptible to 
mercury, but in our experience this has been exaggerated. We 



Fig, 906. — Ulcer- Tertiary 
Syphilis 


Fig 907 — Ichthyosis in a 
Sinhalese Girl. 


generally give them the same doses as to Europeans. Native 
doctors give often mercury disguised m various ways. Decoctions 
of various herbs are also administered. In Abyssinia and Eryihraea 
a decoction of a herb related to sarsaparilla and called * usciva/ 
is much used, according to Annaratone. 

Venereal Sores. — These are common in all races, but are more 
apt to take a phagedaenic character in the tropics. 

Balano-prosthitis. — Every t5q)e of balano-posthitis is met with 
in the tropics. 
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ICHTHYOSIS— SCLERODERMIA—MORPHEA. 


Y of Ichthyosis is met with in the tropics, from simple 

Xerodermia to Ichthyosis hystrix. Diffuse Sclerodermia is rare, 



Fig. 908. — Ichthyosis. 

but circumscribed sclerodermia (morphea) is rather frequent. \^’e 
have seen a case of Sclerema neonatorum in a Sinhalese baby. 

KAPOSrS DISEASE— ACANTHOSIS NIGRICANS— DARIER’S 

DISEASE. 

We have seen in the tropics several cases of Kaposi’s disease 
(xerodermia pigmentosa) among European and half-caste children. 
We have come across in the tropics a case of Acanthosis nigricans. 
We have observed in Cordon a typical case of Darier’s disease in a 
Sinhalese beggar. 


LENTIGO— CHLOASMA. 

Freckling cannot be seen in very dark-skinned natives, but is 
easily visible in half-castes. It is very common among Europeans, 
especially those who live an open-air life, and are much exposed to 
the sun. 

Chloasma is a very common affection in the tropics, and is found 
among Europeans as well as natives. The dark brownish or dirty 
yellowish patches of chloasma are plainly distinguishable in the 
skin of Indian and Sinhalese natives, though in African negroes 
they ipay be indistinguishable. (For more details see p. 2231.) 
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BIOTRIPSIS. 

Cheatle has described under the name/ biotripsis/ or ' life-wear/ 
the trophic changes which take place in the skin of old people. 
In Europeans the skin, especially of the hands, may become at 
places shiny, smooth, inelastic, more or less pigmented than normal, 
and scar-like lesions may be present. Castellani has described a 
soiiiewhat similar condition in old Sinhalese in whom the skin on the 



Fig. 909. — Biotripsis in an Old Sinhalese Man, simulating a Mild Type 

OF Ichthyosis. 


legs may present a peculiar appearance, becoming atrophic, and the 
superficial layers cracking. The condition, on superficial examina- 
tion, might be taken for a mild type of ichthyosis. It is, however, 
probably a trophic condition due to old age. Chalmei^ and Drew 
have given an account of this condition as seen in the Sudan. 


DISEASES OF THE HAIR AND NAILS. 

The diseases of parasitic origin are common, and have been 
described. Cases of Hypertrichosis in man and woman are occa- 
sionaUy met with. The so-called ‘ fragilitas crinium,’ as well as 
Trichorrheris nodosa, are rare in natives, this being probably due 
to the habit they have of frequently oiling and greasing the hair. 
We have seen cases of Moniliform hair (monilithrix) in Sinhalese and 
Tamils. In several Sinhalese decrepit old men, who wear their 
hair long, and do not take care of it, we have seen a condition of 
inextricable matting of the hair somewhat resembling Plica. 
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Canities is said to take place at a later age in negroes than in 
Europeans, but in our experience neither in negroes nor in Indian 
races is there any distinct difference. Alopecia of every origin is 
met with in the tropics. Alopecia seborrhoeica is very frequent 
among Europeans and educated natives. It is rare among the low 
classes and coolies. Alopecia senilis is less frequent in natives than 
in Europeans. Alopecia areata is apparently rare among natives, 
but recently we have come across several cases; it is fairly frequent 
among Europeans. We have seen a case of pseudo-*pelade of Brocq 
(folliculitis decalvans) in a Sinhalese man. 

All the diseases of the nails met with in temperate zones are 
found also in the tropics. Brittle nails (onychorrhexis), ridged nails, 
transverse furrowing, and thinning of the nails, eggshell nails, 
shedding of the nails, are conditions occasionally seen. Leuco- 
nychia, or whitening of the nails, either in spots (leuconychia 
punctata), linear (leuconychia striata), or affecting the whole nail 
(leuconychia totalis), is observed. We have described at p. 2236 a 
peculiar black pigmentation of the nails. Onychia, or inflammation 
of the nail matrix, is not rare. Ingrowing toenail is common. 
So-called nail pterygium, or outgrowth of the posterior nail fold, is 
occasionally seen, or the opposite condition, exposure of the root 
of the nail (flcus unguium), may be met with. 

We have never observed a case of congenital atrophy, but we 
have seen one case of supernumerary nails. We have noted with 
comparative frequency a form of onychogryphosis affecting several 
members of the same family, and apparently hereditary to a certain 
extent. The nails are enormously thickened, and much longer 
than usual. All the nails may be affected, both those of the fingers 
and those of the toes. 

Onychomycosis of various origin is a common affection, and has 
already been considered (p. 2059). 


SOME COSMOPOLITAN DISEASES JOF MUCOUS 
MEMBRANES. 

Patches of Leucoplakia of the tongue are common in natives, and 
may be of various origin — syphilitic, framboetic, or due to irritation 
caused by smoking or chewing various substances. Cases of the 
so-called circinate pityriasis linguae or annulus migrans are not 
rare. Lingua nigra is occasionally seen. We have already called 
attention to the dark patches found on the tongue in natives, and 
which by some writers have been described as a sign of ankylo- 
stomiasis. These pigmented patches are roundish or oval, and 
may be found also on the gums, the mucosa of the lips, on the soft 
and hard palate, and are apparently congenital. A condition 
which might be called red or purple tongue, and which often puzzles 
the newly arrived medical man, who does not know its origin, is 
extremely common in Ceylon among the coolies and lower-class 
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natives, and is simply due to chewing betel. The pigmentation 
slowly disappears on the native discontinuing the, use of betel 
Cases of furrowed tongue (scrotal tongue) are not rare. We have 
seen a case of Pordyce’s disease (pseudo-colloid of the lips) in a half- 
caste. A case of chelitis exfoliativa in a European lady and cases 
of'perldche have been observed by us among European children. 
Under the term seasonal recurrent ulceration of the lips, Gros has 
described a very superficial ulceration on the lower lips in Algerian 
natives which is very common in the hot season, and is due, accord- 
ing to him, to a diplobacillus. 
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References, 1324-5 
Tick Fever, 20, 691, 694, 700, 
706, t26i, 1318 
Trypanosomiases (q.v.), 1259 
References, 1281-2 
Afridol, 26 

Afrikanische Schlafkrankheit, 1260 
A gamodistomuni ophthalmobium, 2007 
Reference, 594 
Agamofilaria, 623, 632, 641 
Reference, 681 
Species 

conjunctives, 623, 641 
georgiana, 623, 641, 642, 2219 
labialis, 623, 641 
oculi humani, 623, 641, 642,1974, 
2007 

palpebralis, 641, 642, 1974, 2007 
Agamomermis, 653 
restiformis, 632, 653 
Agehylostomiasis, 1761 
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Age M l^elation to Diet 
Quality, 103 
Quantity, 98 

Age-limit for Entrance into Tropical 
Service, 128 
Aggregata, 471 
Aggregatida, 471 
Aglypha, 244, 245 
Agrostemma githago, 197 
Ague, 1129 

Ailanthus glandulosa, 2153 
Ainhum, 2222, 2241 
References, 2246 
Ainu Race, 55 

Arrow-Poison of, 184 
Aipysarus, 249, 251 
Akamushi, 726 
Akamushi Disease, 1350 
Akatama, 1989 

Akee-Poisoning, see Ackee-PoisOning 
Aker Lampong, 185 
Akkad Race, 54 
Alasion, 806 

Alastrim, 1471, 1474, 1491 
Albinism, 123, 124, 2222, 2230 
Ocular, 1995. 2004 
Albizzia anthelmintica, 1699, i75<-> 
Albococcus, 925 
tetragenus, 1951 

Albumen in Urine in Relation to Fit- 
ness for Tropical Life, 
127 

Albuminuria, 132 
Albumon in Snake- Venom, 260 
Alcaligenes, 934, 935, 936. I3^>2. 1405 
fcBcalis, 935, 936, 1409 
metalkaligenes, 936 
vivax, 936 

Alcaptoiiuria, 2232, 2230 
Alcohol, Avoidance of, 91, 1989 
Calories produced by, 97 
and Heat-Stroke, 91, 1453, i45<> 
Personal and Racial Poison, 1 1 8, 1 75 
Alcoholic Coma, 1456 
Dermatitis, 1730 
Drinks, Cheap, Danger of, 175 
Neuritis, 1981 

Alcoholism, 118, 128, 131, 140, 1938, 
1981, 1989, 1997 
in relation to 

Crime, Native. 173, i<)8i 
h 2 mploymeiit in the Tro])ics, 128 
Life Assurance, 132 
War Neuroses, 1981 
Acute, 1524 
Chronic, 1516, 1981 
Alculhuaques, the, 57 
Aldrichinella, 792 
A lector obius, 702, 709 
capensis, 709 
coniceps, 709 


A lectorobius, continued 
talaje (talafe), 700, 709 
Aleppo Boil, 378, 2165, 2166, 2167 
Aleuriospore, 1037, 1039, iiii 
Aleuriosporinea, iiii 
Aleurisma, 1112 
Aleurismacece, iiii 
Aleurismece , iiii 
Aleurohius farince, 729, 2214 
AlgcB, 923 

Algerian Relapsing Fever, 1314 
Algide Type of Subtertian Malaria, 
1169, 1170 

Alimentary Canal, Derangements of, 
1519, 1520 

Dermapteriasis of, 1641 
Diplopodiasis of, 1641 
Diseases of, 131, 1738 sqq. 

Myiasis of, 848, 853, 1631 
Spirochaetes of, 430 
Alkaligeiies Parenteric, 1405, 1408, 
1409 

Alligators, Traumatisms caused by, 

153 

Allohosca, 833 
Aloes, 170 

Alopecia areata, 2283 
Seborrhceica, 2283 
Senilis, 2283 
Alu-hama, 2076 
A 1 vat him, 2032 
Alytes obstetricans, 333 
Ama-apaka, 1842 
Amaas, 1491 
Amauroasciis, 98G 
Amaurosis, Atoxyl-caused , 2007 
Malarial, 1181, 2004, 2003. 2007 
Quinine-caused, iiSi, 2007 
Amaurotic Tyj)e of Subtertian 
Malaria, 1181 

A}nblyoninia, 710, 71 1, 720, 723 
am erica ntis, 700-1 
annulipes, 723 
cajennense, 723 
dissimile, 700 
hassalti, 723 
hebrcBum, 723 

Amblyopia, post- Amaurotic, 2007 
Quinine-induced. 1201 
Amboyna pox or pimple, 1356 
Awbycera, 731 
Amenorrh(i?a, 129 
Amcnt(icc(V, 172 
Amerellao, 1761 

America, Arrow- Poisons of, 186 
Primitive Medicine in, 6 
Vegetal Poisons of, 168 
South, Fish-Poisons of, 188 
Trypanosomiasis of (Chagas* 
Disease), 19, 123, 391, 
427, 430, 1288 
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America, continued 
Tropical, Diseases of, 123-4 
American Bilharziosis, 1864 

Black Maduromycosis, 2120, 2122 
Framboesia, 1538 
Leishmaniasis, 2175 
Myiases 

Dermal, 1033 
Rhinal, 1623 
Rats and Mice, 915 
Relapsing Fever. 918, 1323 
Amerind Division of Man, 42, 44, 55 , 
124 

Amerosporece, 987 
Amiba, 299 
diver gens, 299 
Amino-Acias in Diet, no 
Amitosis, 291 
Ammannia baccifera, 190 
Ammonia, Useless for Snake-Bile, 277 
Amnesia, Tropical, 88 
War Zone, 1982 

Amoeba(cB) [Entamoeba) [see also 
Loeschia), 29, 115, 298 , 
875, 1520, 1776,' 1838, 
1910, 1931, i960. 2225 
Binucleate, 299, 322, 323, 324 
Classification of Species, 301 
Diagnosis, 313 
in Infants and Foetuses, 320 
Life-cycle, 300-1 
in Lungs, 320 
Reference, 328 
Species 

huccalis, 317 
coli, 18, 1932 
dentalis, 317 
dysentericB, 115, 1932 
gingivalis, 317 
Umax, 1833 
/mu;»r-type, 298, 1833 
lobospinosa, 322 
maxi liar is, 317 
mira, 324 
princeps, 299 
proteus, 299, 300, 301 
pulmonalis, 302, 320 
rotatoria, 393 
terricolor, 300 

urines granulaia, 302, 1933 
urogenitalis, 313, 1931 
vaginalis, 1931 
verrucosa, 300 
vespertilio, 300 
Amobenruhr, 1825 

Amoebiasis (Amoebic Dysentery), 18, 
30, 287, 873, 877 , 905. 
908, 1187, 1587, 1714, 
1825 , 1832 

etiology, 18, 877, 1827 
Animal Carriers, 877 


Amoebiasis, continued 

Blood Conditions, 1900 
Causal Organisms, 115, 303, 317, 
321, 875, 877 

Climatology, 122, 124, 1826 
Complications, 1832 
Cyst Carriers, 1833 
DeJinition, 1826 
Diagnosis, 1520, 1832-4 

IMherential, 1833-4. 1852, 

1853, 1953 

History, 1826 
Morbid Anatomy, 1828-30 
Pathology, 1827-8 
Prognosis, 1834 
Prophylaxis, 1836 
References, 1862 
Sequelae, 1832, 1836, 1910 
Sex-incidence, 1827 
Spread, 877 

Symptomatology, 1830 sqq. 

Synonyms, 1825 

Table of Parasitic Infection, 


877 

Treatment, 28-9, 1834-6 
Emetine, 313 
Acute Type, 1830 
Atypical, 1832 
Chronic Type, 1830-1 
Latent Type, 1828, 1830, 1831 
Mixed Types, 1830, 1831-2 
Urinary, 1926, 1931 
References, 1936-7 
Amoebic Abscesses, 18, 287, 317, 321, 
1525, 1828, 1832, 1836, 
1875, 1893, 1907. 1910 
Colitis, 1825 
Cystitis, 1933 

Dysentery, 1825, and see Amoe- 
biasis 


luiteritis, 1825 
Fever, 1832 
Hepatitis, 1832 

Treatment, 29, 1835 
Liver Abscess, 18, 287, 317, 1521, 
•1525, 1828, 1834, 1836, 
1875, 1893, 1907, 1910 
References, 1918 
Pyelitis, 1933 
Tonsillitis, 1747 
Urethritis, 19^4 
Amoebides, 298 
Amoebina, 298 

Amoeboid Forms, change of, to Tri- 
chomonas, 354 
Amcebosporidium, 492 
polyphagum, 497 
Amok, 176, 1981, 1988 
Amomum zingiber, 172 
Amorites, the, 47 

Amorphophallus campanulatus, 184 

144 
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Ampelidacea, 2152, 2153, 2159 
Amphibia, Parasites of, 353, 355, 395, 
398, 400 , 461, 478, 480, 
488, 546, 549, 560 
Venomous, 240 
References, 241 
Amphimerus, 576, 677 
noverca, 577, 1907, 1917 
AmphimonadidcB, 333 
Amphistomata, 561 
Amphistomes, 558 
Amphistomum hominum, 563 
watsoni, 562 
AmphitretidcB, 604 
Amulets, 4, 5 

Amyloidosis, 1146, 1156, 1659, 1663 
Ana-worm, 1619 

AnacavdiacecB, 171, 178, 2152, 2153, 
2156, 2162 
Anacardioidees, 2156 
Anacurdiuw, occidentale, 171, 178 
Anaemia and Allied Conditions, 1895, 
1903 

Climatology, 122, 123, 124 
Parasites associated with or 
causing, 552, 563, 66:;. 
1753- 175^^, ^ 759 , I7^>T- 
1764, 1765 
Febrile Splenic, 1299 
Infantile, 20, 1299 
Infantum Leishmania, 1299 
Malarial, 1150, 1164, 1214, 1219 
Pernicious, 1169, 1575 
Post-Malarial, 1151-2, 1184 
Severe, Bovine, 515 
Splenic, 1302,1303 
Febrile, 1299 

Infantile, 20, 1299 
Tropical, 75, 666 
Tunnel-Worker's, 1761 
Anaemias, Bone-Marrow in, 1905 
Anaemic Dropsy, Acute, 1690 
Low Fever, 1470 
Anaikal, 2116 
An^hr6, 1975 
Anal coshol, 828 

Anamirta cocculus, 187, 188, 191 
panniculata, 187, 191 
Anamista, 

Ananas, 170 

Anaphylactic Drug Eruptions, 1513 
Anaphylaxis, 114 
Anaplasma, 490, 491, 492 
canis, 501 
may finale, 501 
Anaplasmosis, Canine, 501 
Anatolian Turks, 55 
Anchilostomanemia, 1761 
Anchylostomiasi, 1761 
Anchylostomiasis, 1761 
Ancistrodon, 250 


A ncistrodon, continued 
bilineatus, 251 

contortfix, 250, 251, 254, 255 
halys, 251 
himalayanus, 251 
hypnale, 251 

piscivovus, 250, 251, 253, 254, 273, 
487 

Ancylostoma, 476, 552, 553, 624, 659. 
665, 1776, 1777 

LarVfC, Migrations of, Diseases 
due to. 553 
References, 682 
Species 

americanum [Necator americanus], 
1^73 

braziliense, 674 
caninum, 671, 672 
ceylanicum, 624, 674 
duodenale, 122, 124, 205-6, 621. 

624, 663, 664, 666 , 

1273, 1552, 1554, 1593, 
1669. 1672, 1O79, 1680, 
1761, 1762, 1763, 1764, 
1777, 1838, 2219 
Dermatitis due to, 553, 2219 
malayanum , 674 
Ancylostoma Fever, 1767 
Ancylostomes, 9, 1639 
Ancylostomiasis, 1761 
AncylostomidiB, 623, 624, 659, 665 
Ancylostomina, 665 
Ancyromonas, 334 
Andamanese, the, 49, 53 
Food of, 94 

Andira araoba, 2153, 2160 
Androctonus funestus, 207 
Andrum, 1595 
Anemia intertropicalis, 1761 
An6mie des Pays Chauds, 1761 
Anemone nemorosa (plants), 2153 
patens, 2153 
Anemone sculiatus, 204 
Anemones, stinging, 203, 204 
Anencephalus, 1958 
Anethum graveolens, 170 
Aneurysm, 1904 
Frambcesial, 1555 
Angeiomata, 123 
Angina, Ludwig's, 1949 
Streptococcal, 1520 
Vincent's, 448, 452, 959, 1520, 1745, 

^747 

Angiofibroma cuti contagiosum tropi- 
cum, of Bassewitz, 1568, 
2247, 2258 
References, 2262 
Angiokeratodermia, 2256 
of Feet, 2148, 2277 
of Hands, 2277 
of Scrotum, 2277 
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Angioma of Liver, 1907 
Angiomata, 2273 
Angioneurotic (Edema, 1729, 1731 
Angiosporea, 471 
AngiostomidcB, 623, 62G, 628 
Angoumois Grain-Moth, parasite of, 
2216 

Anguillula, 623, 627 , 1G39, 2200 
Larvae, 2209 
References, G80 
Species 

aceti, G23, 627 
intestinalis, 628 
ster corahs, 1758 
Anguilliformes, 232 
AnguillulidcB, 623, 627 
Anguillulina, 623, 627 
Species 

puirefaciens, 623, 627 
References, G80 
Anguillulosis, Intestinal, 1758 
Angular Conjunctivitis, 199O, 1997 
Anhalonium lewinii, 176 
Aiiideus, 1958 
Anidrosis, Idiopathic, 2224 
Symptomatic, 2224 
Animal Carriers of Disease {see also 
Rats, Mice, Ground 
Squirrel. Tarbagan, 
p, 867), 872 
History, 876 
Hosts 

Definitive, 872, 873, 875-6 
Intermediary, 872, 873 
Intermediate, 873 
Imperfect Carriage, 921 
References, 921 
Reservoirs for, 875 
Terms employed concerning. 
872-6 

Diseases, etc., carried by 
Bacterial Diseases, 897 
Cestode Infections, 895 
Diseases of Unknown Causation, 
920 

Nematode Infections, 896 
Plague, 908 

Protozoal Diseases, 877 
Trematode Infections, 894 
Animal - Caused Dermatites, 20'5, 
2017 

Traumatisms, 115, 147-55 
Animal Food-Poisoning, 193 
Parasites, 115, 286 
Diseases due to, 872 , 1633 , 1826 , 

1944 

in External Auditory Meatus, 
2011 
of Eye, 2007 

of Man, Carriage of, by some 
other Animal, 872 


Animal Parasites, continued 
of Man, continued 

Role of, as Carriers of Disease 
(q.v. above), 872 sqq. 
Sexual Generation Stage of, 872 
Terms for, 921 
Poisons, 163, 1695 
Spirochaetes, 453 
Spiroschaudinnia, 452 
Substances used as Aphrodisiacs, 
171, 172 

Animals, Bites of. Fevers due to, 1356 
sqq. 

Diseases of, due to Filterable 
Viruses, 541 
Spread by Acarina, 691 
Peruvian Wart in, 1569 
Poisonous, 203 
References, 227-9 
Tiypanosomes of, 19-20, 409 sqq. 
Trypanosomiases of, 1262 
Aniseed, Oil of, 191 
Anisiomaia, 709 
Ankylostomasie, 1761 
Ankylostomen-Krankheit, 1761 
Ankylostomiasis, 1283, 1672, 167^ 
1761 

Etiology, 1762-3 
Carriers, 1762 

Causal Agents, 672, 674, 1762 
Climatology, 122, 124, 133, 343 , 1762 
Complications, 1768 
Definition, 1761 
Diagnosis, 1531, 1768 

Differential, 1182, 1288, 1297, 
1688, 1760, 1768 
in Earth-Eaters, 1749 
Fever of, Probable cause, 553 
Morbid Anatomy, 1764 
Nomenclature, 1761 
in Parenteric, 1412 
Pathology, 1763-4 
in relation to Pellagra, 1706, 1709, 
1727, 1731 
Prognosis, 1768 
Prophylaxis, 1771 sqq. 

Race Incidence, 1763 
References, 1778-9 
Symptomatology, 1746, 1763, 1764 , 
1903, 1904, 2265 
Synonyms, 1761 

Treatment, 559, 563, 1753, 1760, 

1768 

Ulceration, 2181 
Annamese, the, 54, 55 
Annulata, 683 

Annulus migrans linguae, 1746, 2283 
Anomomeristica, 690 
Anopheles, see with Anophelina 
Anophelina (Anopheles), 23, 224, 749, 

774. 776, 786, 791, 792 
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Anophelincd [Anopheles), continued 
Bite Prevention, 1205, 1209 
Breeding-places, 1139 
Elimination of, 1208-9 
Classification, 752-3, 790, 791, 883 
Definition, 752 

Definitive f losts of Flasniodia , 873, 

883 

History, 752 
Hyperparasites of, 510 
Identification, 505 
Larvae, 7S4 sqq. 

Destruction of, 1207-9 
Parasites of, 546 
Life-History, 749 
Malaria-carrying, 19, 116, 2S9, 293, 
505, 508, 747, 79T. 793. ! 
873, 876, 883, 884 , 888, ’ 
1129, 1131. 1132. 1133, 
1137 sqq., 1202, 1203 
Morphology, 752 
Natural Knemies, 1140 
Ova, 783-4 

Plasmodial Infection of, 512 
Prophylaxis regarding, 1204, 1206 
Species 

aitkeni, 793 

algeriensis, 793, S84 

apri, 662 

barberi, 792, 793 

bifur catus, 793, 884, 1138 

cams, 501 

clavigcY, 51 1 

cohcBsus, 888 

Constance, 888 

coreihroides, 793 

costalis, 1 15 

coustani, 795 

fovmosus, 793 

franciscanus, 792 

gigas, 793 

immaculatus, 793 

jamesi, 888 

jeporensis, 888 

kochi, 886, 888 

kumassii, 888 

lindsayi, 793 

maculipennis, 225, 367, 369, 377, 
776 , 792, S84, 1138 
marginale, 501 
var. cenfrale, 501 
marginata, 655 
mauritianus, 888 
nigripes, 793, 1138 
paludis, 888 
perplexus, 792 
pseudopunctipennis, 792 
punctipennis, 792 
smithi, 793 
Uncertain 

apicumacula, 792 


AnophelincB [Anopheles), continued 
Species, coniinued 

ferruginiensis, 792 
martini, 792 
pimcii macula, 792 
pursaii, 792, 888 
strigimacula, 792 
vcstipcnnis, 702 
vinccnit, 792, 888 
well come i, 793 
Synonyms. 752 

Wings and Wing-veiniiigs, 779-80 
Anophlhalmiis, 1995 
Anoplura, 218 , 748, 749, 750, 762 
Keferences, 760 
Anosmia, IWst-Malarial, 1184 
ntarctophihiriiis, 759 
Ant -Bite Fever (Formiciasis), 2000, 
2204, 2206 

AnteloiK's, etc., as local Keservoirs for 
Trypan osomes , 3 92 
Antiuuital l^itliology, 1956 
Antlielmintlncs, 168 
A nthocoridee, qiei, 766 , 2200 
Anthocoris, 7O6, 767 
congolensis, 767 

767 

Anthomyia canic'iilaris, 882 
radicum, 900, 905 

Anihomyidcu, 825, 852 , 1627, 1628, 
1629, 2011 

Anthrax, 22, 24, 876, 899, 908 
Antiarin, 185 

Antiaris ioxicaria, 184, 185, 2152, 
2162 

Antilles, Vegetal Poisons of, 168 
Antiliietin, 28 

Antimonial preparations, Poisoning 
by, 162, 170 

Antimony. 25, 26 , 1275 sqq., 1291 
Tri oxide, 28 
Aiitivenenes, 243, 244 
Ants, Bites and Venom of, 219, 222 , 
90S, 1556, 1995, 2200, 
2267 

Biting Species, 222 

Bed, Arrow-Poison from, 222 

Bed House-, Enemy of Bed-bugs, 

Anyum (Ainluim), 224 
Apaiolestcs, 823 
Aphaniptcra, 857 
Aphanoascus, 1024 
Aphasic type of Subtertian Malaria, 
1175, 1176 

Aphides, 761 
Aphiochesta, 1629 
ferruginea, 824, 900, 1630 
Aphramia, 762, 766 
barys, 766 
hcBmatosiphon, 762 
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Aphrodisiacs 
Animal, 171-2 
Vegetal, 171, 172, 177 
A phtheB alba infantum, 1741 
lactamen, 1741 
lactantium, 1741 
Tropical, 1780 
Aphthaphyte, 1742 
Aphthoides Chronica, 1780 
Aphthous Stomatitis, 1780 
Apida, Stinging Species, 219, 2207 
References, 229 
Apiosoma, 492 
bigeminum, ^97 
Apis mellifica, 219 
Apocampta, 823 

Apocynacea, 163, 164, 165, 169, 178. 

181, 184, 2152, 2153. 
2162 

Apodes, 232 

Aponomma, 710, 711, 720, 722 
gervaisi, 722 

Apoplexy, T.)ifferential Diagnosis from 
Heat Stroke, 145O 
Appendicitis, ^Etiology, 553, 1739, 

1758-1760 
Diagnosis, 1520 
Differential, 1395, 1396. 1730 
Fungal, 1061 
Gangrenous, 1526 
Helminthic, due to 
Ascariasis, 654, 1758 
Schistosoma, 1739 
Trichuriasis, 553, 1758 
Appendicostomy, 1833 
Appendicular Trench Fever. 1503 
Aptera, 748, 857 
Aquilostomiasis, 1761 
Arab doctors, 12 sqq., 1535 
Arabia, Diseases of, 20 
Arabian Medicine, 12-14 
Arabs, the, 46, 47 
Aracea, 172-3, 2152 
Arachnida{da), 395. 397. 308. 089, 690 
Incertc sedis, 732 
References, 228, 690 
Stinging varieties, 200 
Arachniotus, 986 
Arachnolysin, 213 
Arachnomorphae, 212 
Aradida, 762, 770 , 2200 
Aralia spinosa, 2152 
Araliacca, 172, 2152 
Aranea, 206, 211 , 690 
References, 228-9 
Venom, 213-15 
Arawaks, the, 59, ho 
Archibaldi Parenteric, i 4 ® 5 » 

1411 

Archida, 222 

Archoplasm, 290, 291, 292 


Afctiida, 2208 
Arctomys, 915 

boba {bobak), 913, 1423, 1424 
Flea of, 86g 
Areca oberacea, 177 
Avgas, 702, 703 , 706 
cBqualis, 703, 704 
americanus(a), 445, 70:, 708 
bvumpti, 216, 703, 704 
canestrinii, 709 
chinche, 703 
cucumevinus , 703, 704 
cvraticus, 70S 
hrrmanni, 7^)3- 704 
hoc hi, 704 
iiiarginatus, 703 
niauriiianus, 703 
mcgnini, 708 
miniatus, 703, 704 
mouhata, 706 
papillipes, 708 

pcvsitas, 216, 453, 454, 700, 703 , 
919, 

pulchclla, 704 

veflexiis, 216, 700, 703, 704 
sanchczi, 703 
savignyi, 705 
iholozani, 708 
tyansgaricpinus, 703, 704 
tnricata, 70S 

Avgasidcv, 216. 445, 353, 354, 694, 
696, 700, 701 , 702, 703, 

1537 

ArKVna, 2233 
Arhynchida, 6Sn 
A rhynchobdcllidif , 685 
A viliis, 767 
Aviscstiia, 172 
curvatmn, 190 
triphvllum, 2152 

Arm, Elephantiasis of, ibii, 1617 
Armadillo, 881, 882. 1283, i2vS4 
Arneth Count, 75, 1898-9 
Reference, 1905 
Arnold’s Nucleoids, 1902 
Aroidccs, 184 
Arpagostoma, 693 
Arrihalzagia, 792, 884, 885 
intermedins, 885 
pseudomaculipes, 8S5 
Arrow-Poisons, 167, 180 , 222, 1695 
References, 186 
Arsenic, 25. 162 

as Abortifacient, 170 
History, 26 

Locust-poisoning by (Sudan), 191 
Pseudo-cholera due to, 1821 
Rat-poisoning by, 190, 191 
Sulphides of, Cattle-poisoning by, 

189 

Useless for Snake-Bite, 278 



Arsenical Neuritis, 1981 
Poisoning, 165, 1673, 2256 
Antidotes, 191 
Chronic, 1674 
Criminal, 162, 189 
Arsenious Oxide, as Cattle-Poison 
189 

Arsenobillon, 27 
Arsenophenylglycin, 26, 27 
Arsenophenylniethyl glycine, 28 
Arteries, Atheromatous Degenera 
tion, of, 1904 
Thrombosis of, 1904 
Arthritis, Climatology, 124 
Sporotrichum in, 1121 
Gonorrhoeal, 1967 
Post-Dysenteric, 1967 
Rheumatoid, 112, 113, 1967 
Axthrodynie, 1244 
Arthropoda (Arthropods), 689 
Infection in and by, 875, 1128 
Parasites, and Pathogenicity of, 
361, 372, 376, 397, 470, 
876, 882, 1128, 

1533 et alibi 
Reference, 741 
Stinging Varieties, 206 
Arthropodic Dysenteries, 1825, 1841 
References, 1863 
Arthrospore, 1037 
Arthrosporei, 987 
AfthrosporinecB, 986, 1069, 1121 
AvtocarpacecB , 2152, 2153, 2162 
Artyfechinostomum, 583 

sufrartyfex, 581, 582, 583, 1752 
Arum dracunculus, 173 
montanum, 189 
Arundo donax, 2152, 2163 
Arvicola natanedzunni , 920 
Aryan races, 47 
Aryo-Dravidian peoples, 49 
Ascariasis, 1412, 1772, 1775 
Pancreatic, 553, 1908 
AscaridcB(des), 205, 552-3, 623, 624, 
653, 1756, 1907 

Ascaris, 9, 12, 621, 623, 653, 654, 
1739, 1758. 1765, I 77 ^>- 
1777, 1961 

alata, 656 
canis, 653 

et martis, 675 

lumbricoides , 553, 623, 625, 653, 

675, 896, 908, 1273, 

1552. 1554. 1593. 1775. 

1777, 1838 
References, 682 
texana, 623, 653, 655 
References, 682 
trichiura, 677, 1758 
vermicularis, 657 
visceralis et renalis, 675 
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Aschiza , 774, 825 , 901 
Asci , 971 » 978 
Ascites, 1601 

Chylous, 1601, 1608, 1610 , 1961 
Lymphatic, i6o8 

AsclepiadacecB, 169, 170, 173, 190, 

191 

Asclepiades. Medical Schools of, 10 
Ascococcus, 925 
Ascomyccte-spherta, 967 
Ascomyceies, 971 . 978 , 987, 1069, 

1070, nil, 2008 
References, 1033 
A sc os pores, 971 
Ascus fructifications, 971 
Ashanti race, 51 

Asia, Arrow-Poisons of, 181, 184-5 
Distribution of Disease in, 120-2 
Frambcesia in, 1537-8 
Asia Minor, Diseases of, 120 
Asian or Asiatic 
Maduromycoses 
Black, 2120, 2122 
White, 2122, 2123 
Myiases 

Dermal, 1633, 1639 
Rhinal, 1622, 1626 
Relapsing Fevers, 436, 445, 1315 
References, 1324 
Schistosomiasis, 1589 
Asiaticus Parentericus, 1408, 1411 
AsilidcB, 774, 824 
Asomata, 1958 
Asp of Cleopatra, 247 
Aspergillacece, 1024, 1031 
Aspergillales, 985, 986 
Aspergillar Al)scess of Neck, 1028 
Mycoses, 103 1-2 
Pinta, 1032 

Pneumomycosis, 1031, 1891 
Pseudo-Tuberculosis, 1031, 1058, 

1059, 1891 

Aspergillomycoses. 1028, 1031 
Aspergillosis, 1027, 2060 
Bronchial, 1891 
of Ear, 1030, 1031 
of Eye, 1031, 2009 
of Hairy Parts, 2041, 2092 
of Lungs, 1030, 1031, 2008 
of Nose, 1029, 1031-2 
of Skin, 1032 
of Urethra, 1032 
of Wounds and Ulcers, 1032 
Aspergillus, 967, 969, 1024, 1026, 
nil, 1123. 1712. 1713, 
1886, 1891, 1926, 1944. 
1945, 2008, 2041, 2092. 
2093, 2097, 2098, 2123, 
2149 

Fructifications, 1018 
References, 1033 
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Aspirgillus:, continued 
Species 

batba , 1024 , 1080 , 2041, 2092 
bouffftrdi, 1024, 1080 , 2041, 2121. 
2123 

bronchialis, 1024, 1027. 1028 
flavescens, 1028, 1713 
flavus, 1024, 1027, 1028 , 2011 
fontoynonti, 1024, 1028 
fumigatus, 1024, 1027 , 1031, 

1713. 1891, 1939, 2008, 
2oog, 2011 
glaucus, T029, 1031 
herbariorum, 1024, 102 s 1027 
1029 

Intermediate, 2094, 2095 
malignus, 1024, 1027, 1028 , 2011 
maytdis, 1029 
nidulavis, 1030 
niger, 1030, 2011 
nigrescens, 1024, 1027, 1030 
nigricans, 1030 

pictor, 1024, 1029,2094, 2095, 2098 
repens, 1024, 1029 , 2011 
tokelau, 1017, 1032, 2065 
varians, 1713 
Aspidelaps, 246 
scutatus, 251 
Aspidobothrii, 560 
Aspidobranchia, 890 
Aspidocotylea, 560 
Aspongopus viduatus, 372 
AsporocystidcB, 473 
Assyrians, the, 47 
Asthma, 129, 1875, 1900 
A stigmata, 692, 729 
Astrology and Medicine, 3, 4 
Asylum Dyseater>^ 1842, 1844 
Pellagra, 1705 

Ataxic Subtertian Malaria, 1175, 1176 
Atelosaccharomyces breweri, 1075 
busse-buschki, 1073 
harteri, 1075 
rudeli, 1073 
Atheris, 250 
chlorechis, 251 

Atheromatous Degeneration of the 
Arteries, 1904 

Atisar, 1824 

Atmospheric Electricity, effects of, i 16 
Reference, 146 
Pressure, 78 

Effects on Man, 79, 14-1-4 
References, 146 

Temperature and Humidity. 67 
Effects on Man. 67 sqq., 137 sqq., 
1138-9. 1203 

Atoxyl, Amaurosis due to, 2007 
Compounds, 26-7 
Formula, 27 

Sleeping Sickness, 2O. 127^ sqq. 


Atoxylate of Mercury, 26 
A tractaspis, 2 50 
congica, 251 

A trichophyton, 988, 989, 1008 
albisicans, 1008 
blanchardi, 1008 
ceylonense, 1008, 1009 
maefadyeni, 1008, 1009 , 2048 
I viannai, 1008, 1009 
I Atrichopogon, 803 
! A triplex, 200 

I angustissima vel serrata, 200 
I littoralis, 200 

j Atriplicismus, 195, 200 ' 

j References, 202 
1 Atrophic Cirrhosis of Liver, 1906-7 
Gastritis, Chronic, 1906 
! Atrophies, Cardiac, 1904 
j Atrophodermia senilis, 1 730-1, 2231, 

I 2282 

I Atrophy, Acute Yellow, of Liver, 
i 1224, 1507, 1508, 1906 

j Brown, of Heart, 1904 
j Atropine, 179 
1 Atropos divinaioria, 749 
I A ty lotus, 819 
i fulvus, 819 
^ rusticus, 819 
, Atypidee (Aranea), 212 
I Auchmeromyia, 832, 850 , 1637, 2207, 
2208 

luteola, 850 , 2207, 2208 
References, 856 
prcBgrandis, 852 , 2007, 2008 
Augers, bites of, 227 
Aulasioma, 686 
Auma, 2148 

Aural Diseases, 2010 , 2247, 2252 . see 
also Ear 
Myiasis, 1622, 1626 
Type of Subtertian Malaria, 1 181 
A iir antiace cs, 2152 
Aureoveridis, 2216 
Auricle, Diseases of, 2010 
Aurococcus, 925, 931 
albus, 2019 
aurantiacus, 931 
auretis, 931. I95i. 2019 
mollis, 931. 2023, 2026, 2027 
tropicus, 931, 2021 
Aussatz, 1644 

Australasia. Arrow-Poisons of, 186 
Diseases of, 122-3, 1538 
Helminths of , 1 24 
Australia, Pituri of, 176, 177 
Poison -Pea of, action of, 189 
Venomous Snakes of, 243, 247 
Australian Aborigines, 49 
Food of, 94 

Autositic Monsters, 1958 
Double, 1958 
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Auto-Suggestion, i8gi, 1991 
Autumn Feveih, 1129, 1362, 137 ^ 
Aves, Parasites of, 394, 395, 401, 402 
432, 434. 435. 454. 

489-90, 513.516,518-19. 

525. 533 

Trypanosomes of, 395, 401, 402 
Avian Malaria, 1131 
Polyneuritis, 109, 1675 
Avicenna, 13, 24, 1535 
Aviculaviidce , 212 
Axilla, Temperature-taking in. 70 
Axillary Gland Enlargement, indica- 
tions from, 1523 
Axoplasts, 466 
Axostyle, 331. 353 
Aymara race, 57 
Aztecs, 6, 56, 57, 60 

Babesia {see also Pivoplasma) , 21. 454, 
492 

bigemina, 715. 722 
hovis, 497 
cams, 493, 'j2‘2 
equi, 714 

ovis, 713, 719, 724 
parva, 498, 712, 713 
Babesiasis, 691 

Canine, 493, 495, ^96 
Baby Clinics, 1959 
Baby-Doping in India, 169 
Baby Welfare Work, 1959 
Babylonian Medicine, 4, 10, 1619 
Baccelli's Mixture in Malaria, 1190 
Bacillary Dysenteries, 1825, 1841 
Dysentery, 1843, see also under 
Dysentery 
Jaundice, 1522 
Bacillece, 959 
Bacillenruhr, 1841 
BacillicecB, 924, 932, 959 
Bacillus(i) , 932, 933, 959, 1843, 1680, 
i960, 2166, 2181 
Intestinal, Table of, 944-5 sqq. 
Microsiphonales mistaken for, 1040 
Species 

aerofetidus, 961 
aerogenes capsulafiis, 961 
aertrycke, 939, 944, 1405, 1820 
aertrycke-type, 1812 
albofaciens, 933, 1784 
amylobactev, 962 
anihracis, 22, 1519 
symptomatici, 961 
archihaldi, 1405 
asiaticus, 121-2, 1411, 1412 
Biffi's, 1567-8 
bottle, of Malassez, 1077 
botulinus, 961 
cadaveris sporogenes, 961 
calcis, II 3 


Bacillus [i), continued 
Species, continued 
carbonic, 961 

ceylonensis A. and B., 1406 
chauvcei, 961 
cholercB, 22 
suis, 1230 
cloacce group, 14 ii 
coagulans, 935 

coll communis, 258, 898, 1301, 
1371, 1567, 1712. 1841, 

igii, 1951. 1959 

dyscnicricus, 1841, 1844 
colunibensis, 1405, 1410 
cuenoii, 917 
danysz, 939 

diphtherice, 965. 1040, 1087 
Klebs-Loeffier, 899, 1520, 1521 
vitulorum, 1064 
Diphtheroid, 2247 
dy senior ice , 935, 1844 
’ Baerthlein’.s, 1843 
Eberth's, 933, 935 
El Tor, No. I, 1843 
Flexner, 1842, 1843, 1845 
Flexner-Manila group, 1843 
Harris’s, 1843 

Hiss-Kussell, 1842, 1843, 1845 
Shiga-Kruse, 22, 1069, 1821, 
1831-2, 1845 
Shiga-Kruse type, 1843 
Strong type, 1843, 1845 
Tokio, 1843 
Wollstein’s, 1843 
Y, 1842, 1843 
Y-type, 1844 
emphysematoscB, 1951 
entericus, 113, 935, 1406 
enieritidis, 939, 1405 
sporogenes, 961 
evysipelatos, 1951 
fcecalis alkaligenes, 935, 1405, 

1409 

JcBcaloides, 1405 
fallax, 961 
du Farcin, 1051 
felisepticus, 1424 
feseri, 959, 960 
fragilis, 933 

fusiformis, 448, 1520, 1745, 1747, 
1882, 2181 
Gaertner’s, 195 
histolyticus , 961 
icteroides, 1230 

influenzcB, 933, 1497, 1498, 1521 
kandiensis, 1405 
Kedrowsky’s, 1647 
khartoumensis , 1406, 1412, 1413 
Koch-Weeks, 900, 902, 1996, 

1997 

lactis aerogenes, 1959 
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BaciUus(i), continued 
Species, continued 
lepra, 22 , 1040 , 1644 , 1645 , 1647 , 
1653 
fndidis, 1713 
mallei, 1466 
meta-alkaligenes, 1405 
metadysentevicus, 935, 1842, 1843 
Morax-Axenfeld, 1996, 1997 
Morgan's, 899 
necrophorus, 1064 
necroseos, 1064 
Necrosis, of Bang, 1064 
novyi, 959 
oedematiens, 961 
oedemaiLi, maligni, 961 
para-alkaligenes, 1405 
paracolon group, 1365 
paradyseniericus, 1842, 1843 
paratyphosus, 22 
A. I95> 935 

A and B, 899, 939, 7 362, 1363. 

1 3 ^> 5 . 1370, 1375 

195. 1820 
C. 1367 

par enter iciis, 1^06 
pellagrcB, 1713 
perfringens, 6i 

pestis (Pastcnrella pestis, q.v.), 
22, 115, 900, 909, 912, 
917. 943. i4i^>. 1419, 
^523. 1962 

phlegmonis emphysemaioscB, 961 
of Potatoes, 1713 
pritnitzi, 1405 

prodigiosus, 898, 2102, 2224, 2272 
proteus group, i Si 2, 2166 
pseudo-coli, 1812 
pseudo-diphtheriticus, 1951 
pseudo-dysentericHs, 1844 
psittacosis, 1405 
putrificus coli, g6i 
pyocyaneus, 1841, 1911, 1959 
pyogenes foetidus, 935 
of Rauschbrand aiictores \_feseri\, 
961 

rodella III., 962 

saccharobutyricus inimobilis, 961 

solanacearum, 1713 

sporogenes, 961 

subtilis, 933, 959 

suhtilis-\i\^Q, 1713 

suipestifer, 939 

ter tins, 962 

tetani, 22, 961, 1951 

Tetanus group, 962 

Tizzoni’s, 1713 

tuberculosis, 22, 112, 553, 899, 
1040, 1058, 1521,’ 1528,’ 
1647, 1889 

typhi-exanthematici, 1328 


Bacillus (i), continued 
Species, continued 
typhosus, 22, 258, 898, 899, 905, 
908, 1184, 1347, 1362 

m -> 1375, 1520. 1951 

vagincB, 1951 
vivax, 1405 

von Hibler, VII. and IX., 962 
welchii, 961 
wesenberg, 935 

X. , 1230 

Xjg O, in Typhus, 1336 

Y, 962 

zeylanicus, 451, 1069 
in Urine, tests for, 1935 
Bacteria, 112, 113, 1042 
Affecting Maize, 1713 
Terms for, 921 
Intestinal, Table of, 944-5 
Oral, 1740 
Uterine, 1951 
of Vulva, 1951 

Bacterial Characters of Spirochaetes, 

436, 437. 917 

Diseases 

Animal Carriers, 897 
Insect Vectors, 23-4 
Dysenteries, 1825, 1841 

^Etiological Classification, 1845 
Dysentery, Acute, 1848 
Fevers, 1128, 1362 
Bactericidal Properties of Sun-Hays, 
^3 

Bacieridiece, 933, 958 
Bacteridium, 933, 958 
cBYuginosum, 958 
prodigiosum, 933, 958 
pyocyaneuni, 958 

Bacteriological Diagnosis of Bacillary 
Dysentery, 1853-4 
Flora in Framboesia Lesions, 459 
Bacteriology, 22-3 
References, 965-6 
Bacterium, 932, 1041, 1042 
actino-cladothrix , 1051, 1057 
coli communis, 935 
Bacteriodece, 933, 957 
Bacteroides, 933, 959 
fragilis, 933. 959 
fusiforme, 959 
Table of, 960 
Badiane, 174 
Bael Fruit, 1858 

Bagdad Button, Boil, or Sore, 120, 
380, 2165 

Baguette interne, 353 
Bahtschi, 1983 
Balaninus nucum, 1641 
Balanitis, 454, 1939 
Balano-Posthitis, 1939, 2278, 2280 
Balanoposthomycosis, 1944 
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Balantidic Dysentery, 1825, 1887,1853 
Balantidium, 547 
coH, 18, 546, 547 , 1777, 1837 
References, 550 
giganteus, 549 
italicum, 1837 
minutum, 546, 648 , 1837 
References, 551 
minutum var. italicum, 548 
vaginale, 1946 
Balata Mite, 2213 
Baleri, 417, 427 

Balfour's Infective Granule, 483 
Balkanella, 935, 940 , 1362, 1406 
carolinoides, 940 
coagulans, 935 
giumai, 940 
Balia mal (fish), 1540 
Ballingall, Maladie de,2iio, 2116, 2117 
Bamber-green Oil, 1206 
Bamboo Hairs, Traumatism induced 

by, 157 

Juice and Fruit as Echolics, 170 
Bambusa, 170 
Banal Fly, 81 1 
Ban Bach, 1468 
Banded Krait, 247 
Banga, 1981, 1987 
Bankokerend^, 2241 
Banti’s Disease, 1305, 1903 
Bantu race. 47, 53, 55 
Barawa, 1610 
Barbados Leg, 1610 
Barbeiro, 768 

Barcoo Rot, 123, 2030, 2031, 2032 
References, 2039 
Barkers, the, 1986 
Barley Itch, 2216 
Barotsc race, 53 
Barraconda, 193 
Barringionia acutangula, 188 
yavatonga, 164 
speciosa, 164 
Barronsia, 474 

Bartholin’s Glands, Suppuration of, 

1949 

Bartonella, 492, 502 

bacilliformis, 502 , 1527, 1568, 1570, 
1576 

Basidia, 1032 

Fructifications, 971 
Basidiomycetes, 971, 978, 1032 , 1039 
References, 1033 
Basommatophora, 892 
Basophilia, 1900 
Basophile Leucocyte, 1898 
Bassewitz’s Angiofibroma cuti conta- 
giosum tropicum, 1568, 
2247, 2253 
References, 2262 
Bassia latifolia, 178 


Bassia longifolia, 178 
Bat Mite, Achromaticus in, 360 
Batavia, Fever of, 1129 
Bathmostomum, 672 
BatrachidcB, 233, 236 
Batrachus grunniens, 233, 236 
tau, 233, 236 

Bats, Parasites of, 360, 405, 407, 
701, 704, 722, 763 
Battak Arrow- Poison, 184 
Bauru, Ulcers of, 165, 380 
Bazin's Erythema induratum, 2277 
Bdellidce, 728 
Bdellolarynx, 832, 846 , 
sanguinolentus, 846 
Beans, 95 

Toxicity of, 201, 1213 
Bears, Traumatisms due to, 148 
Bed-bugs, see Bugs, below 
Bedouin Dietary, 98-9 
Bedsores, 1402 
Bee-Disease, 529 
Beef Worm, 1633 
Bee-Moth, 226 

Bee-Stings and Venom, 12, 215, 
219-22, 2207 
References, 229 
Bees, Anatomy of, 219-20 
Mucorine disease of, 973 
Beetles, 871, 895, 908 
as Arrow- Poison, 180 
Venomous, 226-7 
References, 229 
Vesicant, 226, 2204, 2205 
as Wart cure, 2277 
Behrend's Trichosporosis, 2105 
Beigel's Trichosporosis, 2105 
Beinwurm, 651 
Beja, or Bisharfi Race, 47 
Belascaris, 623, 653, 656 
cati, 656 

mystax, 623, 1775 
References, 682 
Belladonna Poisoning, 167 
Belinda, 1 756 
Belyando Spew, 453, 1749 
Benedenia, 474 
Bengal Spider-bite, 215 
Bengali race, 47 
Diet of, 100 

Bengalia depressa, 852, 1633, 1637 
References, 856 
Benign Tumours, 2273, 2274 
Beni-Mzab race, 47 
Berber race, 46-7 
Berberidacece, 2152 
Berbiers, 1671 

Beri-beri, 109, 198, 1184, 1671 , 1709, 
1718, 1981 

etiology, theories on, 105, 109, 
1533,1672,1678,1675,1678 
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Beri-beri, continued 

Climatolo^, 120, 122, 1693 
Complications, 1687 
Diagnosis, 1688 

Differential, 1688, 1690, 1990 
Diet, 1689 

Economics, 1672, 1681 
Etymology, 1671 
Fungi associated with, 167, 1680 
History, 1671-3 
Incidence 
Age, 1681 
Class, 1672, 1681 
Race, 1 680- 1 
Sex, 1681 

Malaria simulating 1176 
Morbid Anatomy, 1681-4 
Pathology, 1681 
Predisposing Causes, 1680 
Prognosis, 1688 
Prophylaxis, 1689-90 
References, 1693-4 
Sequelae, 1688 

Symptomatology, 1684, 1904 
Synonyms, 1671 
Three Forms, 1685 

Acute Pernicious, 1685, 1689 
Rudimentary, 1685, 1687, 

1689 

Typical, 1685 
Treatment, 1688-9 
Trypanosome in, 1284 
Vitamine, 109, 1673, 1675 
Infantile, 1690 

References, 1693-4 
Ship, 109, 1680, 1690 
Berme, 1633 
Berne, 828, 830, 1633 
Berrugas, 1566 
Bertilia, 762, 766 
valdiviana, 766 
Bertramia, 534 
Beriramiida, 534 
Bess-el-Temiir, 2165 
Bessina, 1756 
Beta, 2229 

Beta-Naphthol in Ankylostomiasis, 
1 770-1 

B6te Rouge, 725, 2213 
Betel-Chewing, effects, 177, 1746, 
2284 

Beulenkrankheit, Endemiscjier, 2165 
Bewitchment, Delusions of, 1991 
Bezzia, 802, 803, 805 
orndta, 805 

Bhang, 176 ^ , 

Bible, the, References to Tropical 
Diseases in, 9-10 

Biblical Leprosy, 10, 1535. 1844 f 
Bibo, 706 
Bicheiro, 1623 


Bicho, El, 1871 
Bicho-Coloraao Itch, 221 
Bickugue, 768 
Big Bed-bug of Utah, 768 
Bisnoniaceee, 188, 2152 
Bimmbo Disease, 1673 
Bikacida, 333 

Bile-ducts, Parasites in, 1907 
Bilharzia, 584 
Bilharzia Disease, 1926 
Bilharziosis, 30, 112, 1727 It 26 . 

1939. 1941 

etiology, 1927 
Causal Organism, 587 192C 
Climatology, 1926-7 
Complications, 1929-30 
Definition, 1926 
Diagnosis, 1930 
History. 1926 
and Invaliding, 130 
Morbid Anatomy, 1 928-7 
Prognosis, 1930 
prophylaxis, 1931 
References, 1936 
Symptomatology, 1929 
Synonyms, 1926 
Treatment, 1930-1 
American, 1864 
Hepatic, 1864 
Intestinal, 1864 
Rectal, 1864 
Urinary, 1926 

Biliary Cirrhosis of the Liver, In- 
fantile, 1906 
References, 1917 
Bilio-gastric Fever, 1363 
Bilious Continued Fever, 1363 
Fever(s), 1363 

Canine (Canine Babesiasis), 493 
Malignant, 1216 
Haenioglobinuric, 1216 
Remittent, 1216, 1229, 1230 
Icteric, 1317 
Malarial. 1165, 1168 
Septic, 1469 
Typhoid, 1308 

Binary Fission, 288, 291. 292, 3 « 5-6 
Binncnkorper, 290 
Binucleata, 332. 436, 480 
Binucleate Ameebce, 322, 323, 324 
Biotripsis, 1 730-1, 2231, 2282 
Bird-eating Spiders, 212 
Bird Lice, 750, 751 
Bird Malaria. 1131 
Bird-Poisoning, 191 
Birds, Parasites of, 394 . 395 . 

402, 432, 434, 435. 454. 
489-90. 513. 516, 518, 
519. 525. 533 
Polyneuritis of, 109, 1675 
Bironella, 791 
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Bisayas, the, 55 
Bish, or Bikh, 163 
Biskra Boil, 2165, 2166, 2167 
Bites of 
Animals 

Fevers due to, 1356 sqq. 
Traumatisms caused by, 147 
Insects, Rashes due to, 1514, 151^^ 

1517 

Larval Hexapoda, Dermatites due 
to, 2200, 2207 

Man, 147 
Snakes, 242 sqq. 

Various Creatures, 12 
Biting Flics (see also under Names), 
23, 814. 1703, 1716 

Bitis, 230 

arietans, 250, 251, 1698 
Venom of. 256, 269 
atropos, 251 
caudalis, 251 
covnuia, 251 
gahonica, 251 
inornata, 251 
nasicovnis, 251 
paringueyi, 251 

Black Actinomycosis, 21 1 2. 2140 , 2141 
Bug of the Pampas, 768 
Death, the, 1410 
Fever, 1341 

Maduromycoses, 2120 , 2122 
Pigmentation, see also Addison’s 
Disease, Pigmentation, etc. 
in Chronic Fevers, 1519 
of Nails, 2236, 2283 
Pinta, 2094, 2095 
Spores in Mosquitoes, 510, 513 
Tongue, 1061, 1074 
Vomit, 1232, 1520 
Black- Dot Tinea tonsurans, 2057 
Black- Pitted Tick, 713 
Blackwater Fever, 1213, 1216 , 1290 
i^itiological Theories, 1218-21 
Climatology, 1217-18 
Clinical Classification, 1217 
Complications, 1224 
Convalescence, 1224, 1227 
Definition, 1216 

Diagnosis, 1224, 1617 , 1519, 1522 
Differential, 1224, 1238, 1507, 
1508, 1522 
Diet, 1226, 1227 
History, 1216-17 
and Invaliding, 130, 1227 
Morbid Anatomy, 1222 
Parasites present in, 1221 
Pathology, 122 1-2 
Pigmentation in, 1517, 1519 
Predisposing Causes, 1221 
Prognosis, 1225 
Prophylaxis, 1228 


Blackwater Fever, continued 
Race incidence, 1221 
Rashof, 1517 
References, 1228 
Relapse in, 1226 
Sequelae, 1224 
Spirochaetes in, 1221 
Symptomatology, 1223-4 
Synonyms, 1210 

Treatment during and after Attack, 
1225 

Varieties, 1224 

Bladder, Stone in, 1926, 1929, 1930 
Blandfordia, 584, 590, 592, 891 
bensoni, 891 

japonica, 891, 894, 1591 
nosophora, 592, 593, 894 
pyrrhostona, 891 
striatula, 891 
viridescens, 891 
Blapidce, 1 640 
Blaps mortisaga, 1640 
Blastocysiis enter ocola, 354 
hominis, 354, 1833 
Blastomyces dermatitis, 1073 
hessleri, 1074 
tonkini, 1075 

viirosimile degenerans, 1074 
Blastomycetes, 981 
Blastomycetic Dermatitis, 2081 
Ulcers, 2190 
Blastomycoses, 981, 985 
Blastomycosis, 24, 1072, 1073, 1075, 
2081 , 2193 
etiology, 2081-2 
Carriers, 2088 
Climatology, 2081 
Diagnosis, 2085 

Differential, 2085, 2186 
Histopathology, 2082-3 
History, 2081 
Prognosis, 2086 
Symptomatology, 2083 
Synonyms, 1536, 1559, 2081 
Treatment, 2086 
Varieties, 2041, 2084 
American, 1079 
Coccidioides, 2084, 2085 
Intestinalis, 1780, 1781 
Non-coccidial, 474 
Ocular, 2009 
Oral, 2084, 2085 
Oro-Pharyngcal, 2084 
Palpebral, 2009 
Sjrstemic, 1075 
Blastospore, 1037 
Blastosporinea, 986, 1069 
Blastrotrichece, iiii 
Blastulidium, 534 
Blattern, i486 
Blenniformes, 233 
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Blennorrhoea, Chlamydozoal, 539 
Gonococcal, 539 
Blepharitis, 2007 
Blepharocerida, 773, 813 
References, 813 
Blepharoplast, 330, 382, 383 
Blighia sapida, 173, 1695, 1696 
Blindness in the Tropics 
Causation, 124, n8i, 1994, 2006 
Incidence, 122, 124, 1994 
Blister Beetles, 226, 2204, 2205 
Blistering Fluids excreted by Adult 
Hexapoda, Dermatitcs 
due to, 2200, 2204 
Blood, the. 1895 

Action on, of Light, 88 
Analyses of 
European, loS 
Male Bengali, 108 
References, 1905 
Blood-Counts, 1898-9 
Arneth’s, 1898 
Table, 1899 
Differential, 1898 
Blood Parasites, 1903 
Blood Platelets, 1900 
Blood-Pressure, Effect on, of Tempera- 
ture and Humidity, 75 
Blood Puzzles, 1895, 1900 
Autogenetic, 1900, 1901 
Heterogenetic, 1900, 1901 
Reference, 1905 
Spirochaetes, 443 sqq., 452 
Blood- Sucking Dipterous Larvic 
Dermatites due to, 2207-8 
References, 2221 
Flies, 365, 771. 774 sqq. 

How to Collect, 7^8 
Methods of Infection by, 874-5 
Parasites of, 365, 814 
References, 855 

Blood-Vessels, the. Diseases of, 1895, 

1904 

Bloody Flux, 1824 
Blowflies [Calliphora), 846, 908 
[SavcophagidcB) , 830 
Blue-bottle flies, 846, 908 
Blue Disease, 1341 
Blue Tick of South Africa, 459, 715 
Boa-constrictors, 487 
Bodily Temperature of Man 
Normal, 69-71 
Regulation of 
Chemical, 69 
Physical, 69 

^odo, 335, 336. 337, 342, 364, 1833 
lacertcB, 339 f,r'i 

lens,^^^,Z^2 > 

musccB-domesticcB, 359, 365 
stercovalis, 342 ; 

BodonidcB, 333, 334, 336, 380 


Body, Actinomycosis of, 2110 , 2148 
Body Systems, Derangement of, 1512, 

1519 

Bohnenkrankheit, 201 
Boil Disease, Endemic, 2165 
Boils, 226, 931, 2020 
Aleppo, 378, 21G5, 2166, ri67 
Bagdad, 120, 380, 2165 
Biskra, 2165, 2166, 2167 
Bucharest, 2165 
Delhi, 37S, 380, 2165, 2166 
Diabetic, 1924 

in External Auditory Meatus, 2012 
Mango, 2027 
Multiple, 2205 

Nile, 931, 2021, 2024, 2027, 2165 
Tropical, 2027 
Bolbodimyia, 820 
Bolest, Nova, 2208 
Pulziasta, 2208 
Boml'us hortorum, 219 
lapidavius, 219 
Bombyoidw, 222-3 
Bone-Marrow, the, 1895, 1905 
Bones, Boomerang, 1967, 1977 
References, 1980 
Caries of, 1967 
Diseases of, 1967, 1975 
References, 1980 
of Foot, Endemic Degeneration of, 
2110 

Fracture of, 124 

Framboesial Lesions of, 1552, 1978 
Necrosis of, 1967 

Tubercular Disease of, 1361, 19^7 
Tumours of. 1967 | 

Bont, 723 
lk)ok Louse, 7^9 
Scorpion, 897 

I 3 oomcrang Bones, 1967, 1977 
References, 1980 
Boophilus, 71 1, 714 
annulaHis, 492 
australis, 492 
bovis, 714 
decoloratus, 492 
Borborida?, 901, 903 
BorboYiis eqiiinus, 9^3 

Borna Disease, 1477 

Borneo, 7\rrow-poison of, 181, 184, 185 
Bos indicus, Milk of, 1959 
Bosch -yaws, 2172 
B oiJiviocephaloideci, 600 
Bothriocephalus, 596, 604 
balticus, 604 
cordatus, 605 
cristahis, 604 
latissimus, 604 
latus, 604 
liguloides, 606 
tropicus, 613 
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Bathriurida, 207 
Botryomyces ascoformans, 2255 
Botryomycosis, 2247, 2254 
hominis, 2254 
Botryotrichum, 1112 
Botry tides, 987 
Botrytis, 1117 

bassiana, 22, 1033 
Bots, 1630 

Bottle Bacillus of Malassez, 1077 
Flies, 825 

Bottone d’Oriente, 2165 
Boubas, 1536, 1558, 1559, 2175-6 
Boulengerina, 246 
stormsi, 251 

Bouton d’Alep, 378, 2165 
des Andes, 1566 
d’Orient, 2165 

Bovidse, Traumatisms caused by, 1 51, 
152 

Bo vines. Parasites of, 492, 497 
Bowditch Ringworm, 2059 
Bowel-disorders of Bengalis, 105 
Bowel (s), Cancer of, 1739 
Large, Ulceration of, 1 8 
Perforating of, by A scaris, 1961 
Tuberculosis of, 1739 
Brachwasserwurm, 65 
Brachyaspis, 246 
cufta, 251, 256, 272 
Brachycera, 773, 814 
heterodactyla, 774. 814, 824 
homcedaciyla, 773, 814 
Brachyclonus , 672 
Brachypogon, 802, 803, 805 
vitiosus, 805 
Brahui race, 47 
Brain, Abscess of, 1058, 1062 
Branchial Fistula, 1959 
Branchiobdellida. 688 
Brand Zeer, 2030, 2031 
Braulides, 854 
Braunia, 601 
jassyensis, 601, 607 
Bray era anthelmintica, 1753 
Brazil, Arrow-Poison of, 186 
Vegetal Poisons of, 164, 168 
Brazil's Crotalus horridus Serum, 

273 

Breakbone Fever, 1244 
Breakheart Fever, 1244 
Breast, Diseases of, 124 
Elephantiasis of, 1611, 1617 
Male, Hypertrophy of, 1939 
Breast-Feeding, 1959 
Breda's Disease, 2175 
Breeze-Flies, 815 
Brevirostraia, 71 1 
Brigant, 2217 

Bright's Disease, Rash in, 1516 
Briophyta, 923 


Briirs Disease, 1326, 1327, 1396 
British Colonies, Laboratories in, 29 
War Ration, 99, 100, 102 
British Guiana, Vegetal Poisons 01,164, 
166 

Brittle Nails, 2283 
Broken Wing Fever, 1244 
Brom atoxismus, 1 93 
Bromidrosis, 2222, 2223 , 2264, 2272 
Symptomatic, 2223 
Bromine for Snake-Bite, 278 
Bronchi, Inflammatory and other 
Affections of, 1875, 
1882 

Bronchial Aspergillosis, 1891 
Mucormycosis, 1892 
Oidiomycosis, 1889 
Penicilliosis, 1892 
Spirochsetosis, 452, 1875, 1882 
Sporotrichosis, 1892 
Penicilliosis, 1892 
Symptoms, Indications from, 1521 
Bronchite sanglante, 1882 
lironchitis, 1592, 1875 
Diagnosis, 1521 
Castellani's, 450, 452, 1882 
Chronic, 1060 

Fungal, 1084, 1087, 1091, 1095, 
1096, 1743, 1892 
Haemorrhagic, 1882 
Broncho-alveolar Aspergillosis, 1891 
Moniliasis, 1886 
Bronchoblastomycosis, 1886 
Broncho-endomycosis, 1889 
Bronchohemisporosis, 1890 
Bronchomoniliasis, 1 886 
Primary, 1886 
Secondary, 1889 
Bronchomu cor mycosis, 973, 977 
Bronchomycoses, 1080, 1081, 1084, 
1743, 1744, 1748, 1886, 
1890 

Diagnosis, 1521 

Differential, 1875, 1885 
Monilia in, 1080, 1081, 1084, 
1086, 1087 
Tropical, 1880 
References, 1894 
Undetermined, 1892 
Broncho -Pneumonia, 1087, 1528, 

I 587 » 1592, 1887 

Broncho-Pulmonary Spirochsetosis, 
Castellani's, 1882, 1885 
Bronchospirochaetosis, 21, 1875, 1882 
etiology, 1883 
Climatology, 1883 
Complications, 1885 
Definition, 1882 
Diagnosis, 1521, 1885 

Differential, 1875, 1885, 1889 
Experimental Reproduction, 1884 
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Bronchospirochaetosis, continued 
History, 1882-3 
Method of Infection, 1884 
Mixed Infections, 1885 
Predisposing Causes, 1883 
Prognosis, 1885 
References, 1893-4 
Symptomatology, 1884-5 
Synonyms, 1884 
Acute, 1884 
Chronic, 1884-5 
Subacute, 1884 

Brown Atrophy of the Heart, 1904 
Sewer Rat, 917 
Tick, 712 

Bruce’s Septicaemia, 1437 
Brucia antidysenterica, 1836 
sumatrana, 1836 
Briilots, 810 
Byyonia devica, 2054 
Biibas, 24, 1535 
Braziliana, 2175 
Tranjilor, 1700 
Bubo Climatic, 25, 1523, 1961 
References, 1966 
Varieties, 1963 
Symptomatic, 1963 
Venereal, 1963 

Bubonic Plague, 1428, see also under 
Plague 

Bucharest Boil, 2165 
Buckwar, 2060 
Buckwheat Poisoning, 202 
Bucnemia Tropica, 1610 
Budding Fungi, 979 
Buddleya, 1756 
Buena, 1535 

Buffalo-Bean Dermatitis, 2152 
Buffaloes, Traumatisms caused by, 

152 

Bufo vulgaris, 355 
Bufonin, 240 
Bufotalin, 240 
Bugis, the, 55 

Bugs, Diseases and Parasites carried 
by, 20, 23, 364, 370-2, 
379 , 430, 443 , 882, 912, 
1283-4, 1329, 1416, 

1423, 1691, 2267, 
Enemies of, 765, 767 
Cone-Nosed, Bite of, 767-8 
Fevers carried by, 1128, 1283 
Bulam Fever, 1229 
Bulbar type of Subtertian Malaria, 
1175, 1176 

Bulinus, hosts of Schistosoma, 584, 
587, 892, 893 , 894 
alexandrina, 893 
contorius, 587, 893 
dybowskii, 587, 893 
innesi, 587, 893 
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Bullous Dermatitis, Seasonal, 226, 
2204 

References, 2220 
Eruptions, 2264, 2269 
Diagnosis, 1513, 1518 
‘Bunches,’ 1763 
Bumble-bees, Stings of, 219 
Bungarus, 246 ^ 

Venom of, 243, 260 sqq., 271, 
272, 273 

Species 

candidus, 247, 251, 259, 264, 
266, 272, 273 

ceylonicus, 247, 248, 251, 264, 
266, 267 

fasciaius, 247, 251, 266, 267, 273 
Bungpagga, 1469, 1975 
Buno, 2148 

BunostomincP , 665, 672 
Bunostomum, 672 
Burma, Vegetal Poisons of, 165 
Burmese, the, 55 

Burns, Severe, Haemoglobin 11 ria after, 
1213 

Burrowing Insects, Skin Lesions due 
to, 124. 2211 
Bursariidca, 547 
Bursarinidce, 547 
Bursata, 623, 659 
Buryats, the, 55 
Bushman Race, 51 

Arrow- Poisons of, 180, 182, 184 
Food of, 94, 96 
ButhidcB, 207 
Buthus afer, 207 
Venom, 209 
maurus, 207 
occitanus^ 206, 207 
Venom, 209, 21 1 
quinqucstriatus , 207 
Venom, 208, 209, 210 
Butterflies, Poisonous Caterpillars of. 
222 

Buttocks, Fistulous Diseases of. 
2084 

Button Scurvy, 1536 
Butyric Acid Fermentation, Bacillus - 
caused, 22 

Byzantine Medicine, 12, 17 

Cabot’s Ring-shaped Bodies, 1902 
Cachectic Fever, 1289 
Gachexie Africaine, 1761 
Cacodmus, 762, 766 
ignotus, 766 
indicus, 766 
villosus, 766 
Cacodyl, 26 

Cactacece, 164, 168, 176, 2152 
Cactus grandiflorus, 2152 
opuntia, 1569 
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Cadicera, 820, 821 
biclausa, 822 
chrysophila, 822 
chrysostigma, 822 
distanti, 822 
flavicoma, 822 
melanopyga, 821 
ohscura, 822 
quinqucmaculaia, 822 
rubramarginafa, 822 
speciosa, 822 
Caisson Disease, 142-3 
Calabar Bean, 178-9 
Calabar Swellings, 820, 1967, 1971, 
1972 

References, 1980 
Calchecaquis, the, 60 
Calculi, Salivary, 1 740-1 
Tonsillar, 1747, 1748 
Urinary, 1926, 1929. 1930 
Calenture, 24 
CalhmastigidcP, 3 3 3 
CallionymidcB, 233 
Callionymus, 233 
lyra, 233, 234, 237 

Calliphoya, 307, 832, 846 , 877, 900, 
1632 

anthvopophaga, 847 
azurea, 846, 1629 

erythrocephala, 846, 900, 905, 908, 
1626, 1629 

. infesta, 847 
limea, 846, 1626 
niacellaria, 847 
vomitoria, 846, 900, 1629 
Calliphorina, 1633, 1637 
Callodictyon, 348, 349 
Callophis, 246, 251 
Calloiropis, 169 
gigantea, 169, 173 
procera, 169, 170, 189 
Calmette's. Serum, 271-2, 276 
Calobata ciharia, 1629 
Calor del Higado, 1700 
Calor Picante, 2225 
Calore del Fegato, 1 700 
Calorie, Definition of, 97 
Calories in Diet, 97 
Calveriina, 

Calymmato-bacterium granulomatis, 
2193 

Cambay Sore, 378 
Cambosa aromatica, 172 
Camel-bite, 151-2 
Camel-flies, 874 

CamelidcB, Traumatisms caused by, 

151 

Camels, Trypanosomes of, 409, 414 
Cameras de Sangue, 25 
Camp Jaundice, 451, 453, 1501, 1507, 
1508 , 1519 


Canaanites, the, 47 

Canca^S-o, 1761 

Cancer, Etiology, 177, 981 

Climatology, 122, 124^ 

Fungi associated with, 1072, 
1074 

Spread by Mites, 732, 2215 
of Bowels, 1739 
of Breast in Mice, 454 
of Intestine, 1862 
of Lips, Cheeks, and Tongue, 1741 
of Liver, 1907 
Nasal, 123 
of Pancreas, 1908 
Rectal, 1852, 1853 
of Stomach, 1749 
of Tongue, 1741 
Cancerous Ulcers, 2190 
Candidates for Tropical Service, 
Examination to ascer- 
tain Fitness of, 127 sqq. 
Cane Dermatitis, 1466, 2163 
Cangoura, 189 
anguary, 1283 

Canidai, Traumatisms caused by, 15 1 
“Canine Kala-Azar (Leishmaniasis), 
374-5, 377 , 1299 
Piroplasmosis, 493, 496, 497 
Canities, 2283 
^>annabis indica, 1988 
saliva, 170, 176 
:anthariasis, 1619, 1640 
Dermal, 1641 
Gastro-intestinal, 1640 
Rhinal, 1640 

Urinary, 1641, 1926, 1934 • * 

Zantharidee, 22(>, 1641, 2204, 2205 
Ciintharidin, 227 
"‘.antharidinc, 172 
'antharis veslcaioria, 172 
Capitas, the, 60 
Capada Jraiercula, 1881 
Capsicum annum, 173 
frutescens, 173 
Capsulitis, 1904 

Capybara, Trypanosome Disease of, 
414 

Caraate, 2093 
Carabida’, 1640 
Car ate jo, 2093 
Carawalla, 247, 248 
Carbohydrates in Diet, 96, <■)<) 
Estimation of, 101 

Carbon Dioxide Poisoning, 1673, 1674 
Carbuncles, 1519, 2027 
Diabetic, 1924 
Carceag in Sheep, 21 
Carcinoma, Melanotic, 2277 
Carcinomata, Fungal, 1074 
Ulcerating, 449, 452 
Carcoma, Fa?cal, 1739 
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Cardiac Diseases, 132, 1895. 1^04 
Symptoms in Subtertiaii Malaria. 
1179 

Cardiospasmus, Tropical, iv-io 
Caribi, 1871 
Caribs, the, 59, 60 
Caricd papaya, 170 
Caries, 113 
of Bone, 1967 
Dental, 124 
Spinal, 2112 
Caris, 702, 703, 704 
vespertilionis, 704 

Carnivora, Traumatisms caused by, 
M 7 . 151 

Trypar.osome of, 406 
Carols, 703 
Cavpoascees, 2008 
Carpo/^lyphus, 731 
alienus, 731 

Carriers of Disease, see Animal, 
Insect, Parasites, etc., 
<t‘ under Names 

Carrion’s Disease or Fever, 503, 
504, 1566, 1567. 1571. 

1575 

Treatment, 1577 
Carrot Seeds, 170 
Caryophyllus aromaticus, 172 
Casal’s Necklace in Pellagra, 1701 
Cascuiareflexa, 170 
Cashew Nut Dermatitis, 2162 
Cassava, 172 

Cassia beareana, in Blackwater Fever, 
• 1 

Casmlanella, 396, 401, 402, 407, 408 , 
409, 419, 1260 

Human Trypanosomes included 
in, 419 

Species 

brucei, 40S, 410 , 426, 427, 1205. 
1272 

castellanii, 396, 402, 408, 4 19. 421 , 
426, 1280, 1261, 1262, 
1264, 1265, 1268, 1273, 
1274. 1275, 1279 
equiperdum, 408, 411 , 1272 
evansi, 408, 409 , 410, 413, 1280 
var. mborii, 410 

gambiensis, 396, 408, 419 , 1260, 

1261, 1264, 1265, 1273, 
1274, 1275 

lanfranckii, 431 

' nigeriensis, 430 , 1261, 1264, 1269 
rhodesiensis, 408, 425 , 1260, 

1262, 1264, 1265, 1273, 
1274, 1275, 127S, 1280 

Castellani Type of Sleeping Sickness, 
879 

Castellani ’s Absorption Test, 1397 
Bronchitis, 1882 
Dermatitis (Copra Itch), 2215 


Castellani ’s Dilution method, 1390 
Gas -Agglutination Test, 139^ 
Lotion, 2226 
Mixture, 28, 1562 

Non-Parasitic Bodies in Leucocytes, 
1902 

Polyserum method, 1392 
Pyosis, 2021 
Spirochsetosis, 1533 
Symptom, 1255 
Treponemosis, 1535 
Cistellani -Low’s Symptom, 1273 
Castellani -Taylor's Test, 1934 
Castor Oil Plant, 170, J74 
Tick, 720 
Casiovidee, 913 
Castration, 1939 
Caialpa hignonioides, 2152 
Cataract, 2003, 2006 
Catarrh, Acute Suppurative, of the 
Pancreatic Ducts, 1907 
In.estinal, Nematodal, 1758’ 

Nasal, 1521 
Spring, 539, 2001 

Catarrhal Jaundice, 1508, 1509, 1907 
Phinitis, Acute, 2013-14 
Cat-Bite Disease or Fever, 122, 131, 
1360 , 1315 

Caterpillars, Venomous, 222-3, 2267 
Catfish, 488 
Cat-Louse, 608 
Cativi. 2093 
Cats. Parasites of, 48O 
Plague in, 1424 
Cattivo Male, 1700 
Cattle, Diseases and Parasites of, 
39T, 407, 409, 413 sqq., 
430, 454, 497, 701, 712, 
719, 722, 724, 2130 
Freeing of, from Ticks, 701 
Cattle-poisoning, 165, 189 
List of Plants used for, 190 
Caucasic Division of Man, 42, 44, 45 
Caul, belief concerning, 4 
Causation of Disease {see also 
Etiology under the 
various Diseases), 17 
Chemical, 115, 161 
Physical, 137 

Caustics useless for Snake-Bite, 278 
Causus, 250 

rhombeaius, 251 
Cave Rats, 915 
Cavity Myiases, 1622, 1623 
Cayenne-pepper Condition of Scham- 
berg, 2237 

Celastrus paniculatiis Seeds, 1 70 
Cell-inclusions, 5^9 
Cellia, 792, 796 , 885, 8S7 
albimana, 796, 887, 159^ 
argyr Otar sis, 785, 796, 887 
bigoiii, 796 
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Cellia, continued 
braziliensis, 796 
kochi, 796 
pharoensis, 796, 887 
pulcherrima, 796 
punctulata, 796 
squamosa, 796 
tavsimaciilaia, 887 
Cellules ovoides 476 
Cellulitis, I.) 9, 130 

of Spermatic Cord, 1939 
Celosia erygina, 175O 
Celsus, 11-12 
Centipede- Hite, 12 

Dermatitis due to, 2213 
Centipedes, 124, 217-18, 908 
Central America, Relaj)sing Fever of, 
919, 1323, 1324 

Central Parenchymatous Inliltration 
of Cornea, 2005 
Centrodesmosc, 316, 330 
Centrdsomes, 290, 291, 330, 381, 382 
CephcBlis ipecacuanha, 2153 
Cephalina, 470, 471 
Cephaloniyia ovis, 1625, 1633 
Cephalonts, 470 
Cephalopoda, 890 
Cephalotlieca magnusia, 1024 
Cerastes, 250 

Venom of, 243, 271 
cornutiis, 230, 231, 233, 238 
Ceratixodes, 710, 71 1, 720, 722 
putus, 722 
signatiis. 722 

Ceratolopliiis, 802, 803, 805 
femoraius, 803 
fulcithorax, 803 
Cer atomy xia. 529 
Ceratomyxidee, 529 
Ceratophyllus, 837, 864, 866 
ahaniis, 8()6 
acutiis, 867, 912, 1423 
■ agilis, 866 
anisits, 866 
bipiinctatus, 803 
californ icus, 8()() 
castaneus, 804 

fasciatns, 403, 404, 406, 866, 867, 
870, 911, 1422 
gallincB, 866 
londiniensis, 866, 867 
lucifev, 866 
niger, 866 

penicilliger , 866, 867 
pinnatus, 866 
pollionis, 866 
silvantieri, 867 
walkeri, 866, 867 
Ceratopogon, 802, 803 , 804, 805 
CeratopogonincB, 801, 802 
CeratopsyllidcB, 861, 870 
Ceratopsylliis, 870 


Cerbera lactaria, 164 
manghas, 165 

odollam, 162, 164, 165, 169 
thevetia, 164, 165, 169, 170, 189 
Cercarice, 567 

Classification, 53^-9 
Cercocystis, 399 
Cer comonad idee, 333 » 334 » 343 
References, 357 
Cercomonads, 323 

Cercomonas, 319,334, 343 , 3 49 , 3 ^4 D 944 
detracia, 343 

hominis, 334, 335 > 35 <^' 354 
intestinalis, 334 
longicauda, 343 
niHSca-domesticcB, 363 

paw a, 343, 345 
Cer com on aia , 319 

Ccrcopithecus, Trypanosomes of, 405 
Cereal Foods, 95 . 

Vitamincs of, 109, no 
Cerebellar Abscess. 1062 

Tvixi of Subtertian Malaria, 1173, 
1176 

Cerebral Hsemorrhages, 1981 
Tumours, 1981 

Type of Subtertian Malaria, 1175, 

1176 

Cerebro-Spinal-F e ver-like Su btertian 
Malaria, 1171, 1172 
Cerebro-Spinal Fever, 1456 
Non-infective, 1469 
Fluid in Framba^sia, 1554 
Cerebro-Spinal Meningitis, 120, 123, 
I 337 . 1504. 1696, 

1697 

Epidemic, 1474 

TEtiology, 926, 1482-3 
Carriers and Contacts, 1477, 
1478, 1482, 1,^83, 1485 
Causal Organisms, 1474, 1476 
sqq.^ 1482-3 
Climatology, 1475-6 
Definition, 1474 
Diagnosis, 1483, 1514, 1317, 

1524 

Differential, 1456, 1485 
History ofvthe 

Disease, 1474 sqq. 

Organism, 1476 sqq. 
Incubation Period, 1483 
Infection, Method of, 1482 
Kernig’s Sign in, 1483, 1485 
Mimicry, 1484 
Morbid Anatomy, 1483 
Onset, Course and Termina- 
tion, 1483-4 
Pathology, 1483 
Prognosis, 1485 
Prophylaxis, 1482, 1845 
Rash, 1514, 1316, 1517 
References, 1499-1500 
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Ccrebro-Spinal Meningitis, continued 
Epidemic, continued 
Relapses, 1485 
Sequelae, 1485 
Symptomatology, 1483-4 
Synonyms, 1474 
Treatment, 1482 
Varieties, 1484 

Paralysis of Sheep and Goats, 
Plants causing, 189 
Trench Fever, 1504 
CerevisicB, 1072 

Cervical Gland Enlargement, Indica- 
tions from, 1522-3 
Cesspool Fever, 136^ 

Cestoda, 17, 555, 59(7, 600 
of Man, 601, 603-4 
Cestode Dermatitis, 2200, 2220 
Eggs from Human Faices, 603-4 
Infections, Table of, 895 
of the Intestines. 1753 
Cestodes digeneses, 600 
polyzoa, ()Oo 
Cestoidaria, 500, 596 
Cestoidea, 555, 596 , 600 
References, 618-20 
Table of (rcnera, 602 
Ceylancylostonia, suggested sub- 
genus, ()74 

Ceylon, Alxn'tifacients of, 170 

Alcoholism as cause of Crime in, 1 75 
Anaemia of, 1701 
Diseases of, 122 
Fish-Poisons of, 187 
Infant Mortality in, 122 
Native medicine in, 3-4 
Plants poisonous to Cattle in, 190 
Poisons used in 
Inorganic, it) 2 
Organic. 103 

Vegetal. 102, 164, 165, 170 
Ceylon Sore Mouth. 1780 
Charomyia, 851 
houeti, 851 
chcBYophaga , 851 

ChcBtechelvne vesuviana, 740, 1641 
ChcBtocladiacecB, 97- 
ChtBtopelina olivacea, 213, 215 
Chagas’ Disease (American Trypano- 
somiasis, q.v, unde ' Try- 
panosomiases), 881 

Chagasia, 791 
ChaidcB, 298 


Chameleon pumilis, 363 
Chance-Parasitism, 287, 546, 920, 

1944 

Chance Transmission of Disease, 920 
Chancre, 1523 

Chancre Espundique d’Escomel, 2175 
du Sahara, 2165 

‘ Chandeliers favigues,' 1012, 1013 
CharaceeB, 923 

Charaka-Samhita, 6-7, 1130, 1824 
Chara», 176 
Charms, 3, 4, 5, 51 
Chaulmoogra Oil in Leprosy, 1664 
Chavica betlc lea'^es, 177 
Check Examination of Officials on 
Arrival in the Tropics, 
129 

Cheeks, Cancer of, 1741 
C heir acanthus, 630 
robustum, 630 
siamensis, 630 
ChtiYonomus, 804 
Cheiropompholyx, 2222, 2226 
Chelitis Exfoliativa, 1746, 2284 
Cheloid, 2273-4 
Acne, 2272 

Cheloidal Tumours after Sycosis 
coccogenica, 2266 

Chelonia, Hasmogregarines of, 486-7 
Chemical Causes of Disease, 115, 161 , 
1533, see also Deficiency 
Composition of Body and Food 
Stuffs, 96-7, see also 
Vitamines, 109 

Regulation of Body Heat, 69 
Chenopodiaceev , 200 
Chenopodium Oil in Ankylostomiasis, 
1770 

Chernies modosus, 897 
CheyletidcB, 725, 727 , 2011 
Cheyletus, 727 

eruditus, 727. 2011 
heyletus, 2011 
Chiastopsylla, 864, 866 
rossii, 866 
Chibcha, the, 57, 60 
Chichimecs, the, 60 
' Chichismo, 1700, 1710 
Chichismos, 124 

Chicken-pox (Varicella), 1470, 1471 > 
1486 , 2267 
Diagnosis, i486, 1518 

Differential, i486, 1489-90, 2020, 


Chaidea, 298 

Chailletia toxicaria, 173, 191 

ChailletiacecB, 173 

Chalmers and Archibald’s Maduro- 
mycosis, 2121 

Chalmers and Christopherson's Ac- 
tinomycosis, see Acland's Actino- 
mycosis, 2140 

Chamar, the. 49 


2027. 2035 
Varioloid, 1491 
Epidemic, 1491 
[Chicken-Tick of U.S.A., 704 
Chick-peas, poisonous, 196 
::higoe (Jigger), 24, 123 124, 282, 

285, 857, 862 , 2211, 

see also Dermatophilu^ 
penetrans 
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Child-birth, Ceylonese superstitions 
on, 4 

Mortality from, Ceylon, 122 
Racial differences in, 1946-7 
Children, Difficulty of rearing in 
India, 132 
Diseases of, 124 

English, Dietaries of, Qualities of, 

104 

European, Effect on, of Tropical 
Climates, 77, 89 

Food-losses of, from Entozoal Para- 
sites. 553 

Haemorrhagic Febrile Gastro-En- 
teritis of, 1472 

Malaria in 

Prognosis, 1187 
Quinine Dosage for, 1191 
Spleen-rate in, 1141 
Symptoms; Various forms, 1159, 
1163, 1175 

Native, as Reservoirs of Malaria, 
1131, 1140 

New-Born, Bullous Eruptions of, 
1518 

Pellagra in, 1724-6, 1729 
Pink Eye of, 1999 
Pyloric Stenosis in, 1749 
Standard Diets for, 98 
Young, Dosage of Drugs for, i960 
ChilifevidcB, 547 

Chills, Nasal affections due to, 2014 
Chilodon, 

dentatus, 546, 547 
References, 550 
xincinatus, 546, 547 
Chilognatha, 689 
Chilomastix, 348, 349 
References, 356 
Species 

bitiencourti, 349, 350 
caprcB, 349, 350 
caulleryi, 349, 350 
cuniculi, 349, 350 
intestinalis , 350 

mesnili, 334, 335, 349. 350 , 1796, 
1833, 1840 
moiellcB, 349, 350 

Chilopoda, 217 , 689, 739 , 740, 1639, 
1641, 1841, 188T 
References, 229 
Venom of, 218 

Chilopode Dermatites, 2200, 2213 
Chilopodiasis, 1619. 1641 , 1778 
Rhinal, 1881 

Chimpanzees, Trypanosomes of, 405 
Chimus, the, 60 
China, Aphrodisiacs in, 172 
Diseases of, 122 
Medicine in, 4-5 
Chinantecs, the, 56 


( Chinch or Wall-Louse, 763 
Chinch (Tick), 709 

Chinche {Argas americanus, q.v.), 445 
Chinese, the, 54, 55 
Chins, the, 54 
Chionphys, 2114 

carteri, 2114, 2115, 2116, 2134 
Chiovchis, 561 
Chiracanthum nuirix, 212 
ChironomidcB, 773, 801 , 920 
References, 813 
Chiron omit, 801 
ChironomincB , 801 
Chironomiis, 801 
plumosus, 369 
Chitons, 890 

ChlamydohacteYiacecB , 924 
ChlamydodontidcB , 546 
Chlamydophrys, 326 
enchelys, 303, 326 
ster cored, 326 

Chlamydospores, 969, 1037, 1039 
Chlaxnydoiomns beigelii, 1103 
Chlaxnydozo(i[oon), 538 , 1328, 1968, 
2001, 2193 

Strongyloplasmata, 540 
Vera, 540 
References, 543 
Chloasma, 2237, 2264, 2281 
Bronzinum, 2079, 2222, 2232 
References, 2245 
Caloricum, 2232 
of Kala-Azar, 2232 
Malaricum, 1181, 2232 
Solare, 2231 
Symmetricum, 2232 
References, 2245 
Symptomaticum, 2232 
Toxicum, 2232 
Traumaticum, 2232 
Uterinum, 2232 
C h I oromyxi dee, 529 
ChlorophycecB, 923 
ChloYops lepYte, 1650 
Chlorosis, 1903 
Egyptian, 1761 
Tropical, 1761 
Chloroxylon swietenia, 2159 
Chloroxylonne, 2159 
Choanephoracece, 972 
Chocho, the, 56 
Cholecystitis, Purulent, 1914 
Cholera, 12, 195, 1069, 1170, 1404 , 1801 
Ambulatory cases, 1809 
Bacillus of, 22 

Carriers (Flies, etc.), 24, 876, 908, 
1805, 1806, 1809 
Causal Organism, 908, 1801, 

1803, 1804, 1805, 1810 
Climatology, 120, 121, 122. 1 801-6 
Complications, 1810, 2006 
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Cholera, continued 

Convalescence, 1809, 2006 
Definition, 1801 
Diagnosis, 1810 
Epidemiology, 180 1-6 
History, 1801 -6 
Morbid Anatomy, 1807-8 
Parasites associated with, 304, 

334. 451. 547. ’ 54S- 

i8io 

Patholo^, 1806-7 
Prognosis, 1812 
Prophylaxis, 1815 

Private, 1815-17, 1819 
Public, 1815, 1817-19 
Vaccine, 23, 29, 128, 1816-17 
References, 1823 
References, 1821-3 
Sequelae, 1810 

Spread [see also Carriers, above), 
1804-6 
Stages in, 1809 
Symptomatology, 1808-9 
Synonyms, 1801 
Treatment, 1804, 1812 
Asiatica, 962, 1801 
Gravis, 1809 
Sicca, 1809-10 

Choleraic Bacillary Dysentcr}*, 1848, 

1850 

Diarrhoea. 1809, 1820 
Choleras, 876, 899, 1801 
Cholera, iSoi 
Paracholera, 1801 
Pseudocholera, 1801 
Cholerine, 1809 
Cholesterin. 1227, 1673, 1678 
Chopped Hair, Cattle-poisoning by. 
189 

Chordodes, 679 
Chorea Saltatoria, 215 
Chorioptes bovis, 731 
Choroid, Miliary Actinomycotic, 
Metastascs in. 2009 
Choroiditis, 2006 
Retinal, 2004, 2005 
Suppurative, 2005 
Chortegans, the. 60 
Choulats, the, 60 
Christy a 792 

Chromatoid Granules in Trypano- 
soma, 382 

Chromelsporium, 1117 
Chromidiosomes, 290 
Chromidrosis, 2224, 2236 
Axillary, 2272 

Chronic Affections, Conditions and 
Diseases, see under 
Names of States mani- 
festing Chronicity 
Chrozophora plicata, 190 


Chrysomyia, 832, 847 
Reference, 856 
Species 

macellaria, 847 , 1620, 1623, 1626, 
1628, 1632, 2011 
poHta, 1629 

viridula, 848, 1623, 1632 
Ckrysops, 816, 820 , 896, 1972 
bicolor, 821 
cana, 821 
centurionis, 821 
dimidiate, 821 
dispar, 821 
distinctipennis, 821 
exeutiens, 197^ 
magnifica, 82 x 
silacea, 821 
Chrysozona, 817 
Chthonohdella, 687 
Chummeries and Sanitation, 1373 
Chylocele, 1601, 1605, 1608, 1616,1939 
Ch'dous Ascites, i6oi, 1O08, 1610 , 
1961 

Diarrhoea, 1608, 1610 
Effusions of Filarial origin, 1595, 
1599, 1601, 1603, 1605, 
1608 , 1617 

Chyluria, 1601, 1608 , 1926, 1934 
Cicadas, 761 
Cilia. 291, 296 
Ciliar Dysenteries, 1825, 1837 
References, 1863 
Ciliata, 296, 544 
Vaginal, 1946 
Ciliate Urethritis, 1944 
CimcBuomovas hominis, 354 
Cimex, 762 

lectularius, 763 
ynacrocc phalli s, 763 
pipestrelli, 407 
rotundaiiis, 766, 912 
Cinchona bark, 4. 1130, T199 
Dermatitis from, 2153, 2162 
Cinchona officinalis [see also Quinine) 
25, 56 

Cinchonin Salts, 1200 
Cinchonism, 1181 
Cinnamonum zeylanicum bark, 173 
Circinate Creeping Disease or Erup- 
tion, 2200, 2210 
References, 2220 
Framboeside, 2235 
Pityriasis Lingiue, 174b, 2283 
Syphilides, 2279 

Circulation, Effect on, of Temperature 
and Humidity, 74-5 
Circulatory System, Derangements 
and Diseases of, 124, 
1519. 1521 , 1895 
References, 1905 
CirculionidcB, 1641 
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Circumcision 

Female, 1944, 1947 
Male, 1939 

Circumscribed Scleroderma, 2077-8 
Cirrhosis of Liver, 1184, 1578, 1906-7 
Infantile Biliary, 1906 
References, 1917 
Post-Malarial, 1184 
Cirsoitis, 1939 

Cisus pruriens, 2152, 2156, 2159 
Citellus, 914, 915 

heecheyi, 867, 912, 915 
citellus, 915 
Citrus vulgaris, 2152 
Cladocoelium hepaticum, 565 
CladorchiincB, 561 
Cladorchis, 561 
watsoni, 562 
References, 594 
CladosporiacecD, 1070, 1099 
Cladosporosis, 2107 
Cladosporium, 1099, 1100 , 1926. 1944, 

1945 

Dermatomycoses due to, 2041 

Species 

herbarium, 1100, iioi 
madagascariense, 2078, 2107 
mansoni, 1100, 2041, 2078 
penicilloides, 1100, 1101, 2107 
Cladothrix, 1041, 1042, 1068 
aciinoniyces, 1051, 1057 
aster aides, 1053, 1058 
brauner, 1045 
canis, 1033 

dichotoma, 1042, 1045, 1068 
invulnerabilis, 10. 
liquefaciens, 1050, loOo, 2133, 2136 
No. 2, 1060 
modore, 1050 
odorifera, 1045, 1051 
polychromes, 1050 
thermo philis , 1047 
Claviform bodies, ion 
Claws of Animals, Traumatisms due 
to, 148 

Cleft Palate, 1959 
Clematis virginica, 2153 
Cletus varius, 369, 372 
Clibadium asperum, 188 
Climacteric, the, in the Tropics, 77, 

1945 

Climate(s), see Dangerous, Temperate 
Tropical ; see also Tem- 
perature and Humidity 
Definition, 62 
Efiects of, on Cliildren, 89 
Climatic Bubo, 25, 1523, 1961 
References, 1966 
Varieties, 1963 
Causation of Disease, 117 
Fevers, 1129, 1252 


Climatology, 24, 39-4 1 , 62 
References, 91 

Clinical Diagnosis, 16-17, 1532 
Examination, 1511 
Medicine, 24-5 
ClinocoridcB, 762 
Bites of, 219 

Dermatitis due to, 2200, 2203 
ClinocorincB, 762 
Clinocoris, 762 

Change of Habits oi, 765 
Fungi on, 2096 

Schizoirypanum cnizi carriers, 430 . 
Species 

houeti, 430, 763 
ciliatiis, 763, 766 
columbarius, 763 
dissimilis, 763 
fcBdus, 763 
improviso, 763 
inodorus, 763 

lectnUirius, 430. 4^3, 763 , 882, 
1329, 1370, 1650 
peloselliis, 763 
perisiercB, 763 
pipistrelU, 763 

rotundafus, i 2 .\, 370-2, 379, 430, 
763, 766 , 1.(23 
Clinocorosis, 2203 
Cloaca, 943, 958 
cloaccB, 958 
levans, 958 

Clonorchiosis, 190O, 1907, 19^8, 1917 
References, 1918 
Clonorchis, 576, 578 
References, 59.^ 

Species 

endemicits, 17, 578, 579 
Feline (pos.sible), 580 
smensis, 17, 578 , 579, ^ 94 > 1907, 
1917 

Clothing. Advice on, to be given to 
Candidates for the 
Tropics, 128, 129 
Hints on, 69, 86, 89-90, 140 
Protective, 1989 
Clou de Oaf sa, 378, 380 
Clupea, 193-4 
longiceps, 194 
thrissa, 193 
Cnemidospora, 471 
Cnestis corniculatus, 2153, 2159 
Coast Fever, 1129 

in African Cattle, 71 2, 713 
Cobb’s Pigmentary Fever, 1461 
Cobra-di-capello, 2^6 
Cobra-Poisoning, Treatment, 244, 
271 sqq. 

Cobra-Venom, 209, 221, 243, 253, 
257, 259, 260, 261, 

264 sqq., 271-4 
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Cobras, 246-7, 278 
Cocaine-Chewing, 175-6 
CoccacecB, 924 , 1679 
Reference, 966 

Coccal Infections, Fly-spread, 900 
Coccidia found in Man, ^75, 476 
Coccidien leberpsorospermien, 476 
Coccidiidea, 469, 471 , 477, 480 
Coccidioides, 981, 983, 985 , 1886, 2081 
Blastomycosis due to, 2084, 20S5 
Dermatomycoses due to, 2041 
Species 

immiiis, 537 , 985 
pyogenes, 533, 985 
Coccidiomorpha, 469, 471 
Coccidiosis, 473. 474 , 883 
Faecal, 475 
Hepatic. 474 
Intestinal, 475 
Coccidium, 473, 1230 

higeminityn, var. honiinis, 475 
citniculi, 476 
Hepatic, of Man, 476 
hominis, 475 
lacazei, 473 

oviformc, 474, 476 , 477 
pevforans, 474, 475 
var. k jell berg, 475 
posades,' 537 
pyogenes, 337 
schnbevgi, 471, 472 
seebevi, 333, 1378 
Coccobaoilhis, 925 

p<;cudo-aciinot nyc os i s p oly ) n or p Ji us, 

1034, 2139 

Cocculiis. 183 
amazonuni. 185 
indicus, 189 
toxifevus. 183 

Coccus(i). 1680, 19S2, 2019 
in Acladiosis, 2091 
Chromogenic, 2101 
Pyogenic, 2017, 2201, 2255 
Red-pigment producing, in Sweat, 
2224 

Species 

ancerobius, 1946 
cadi, 761 

Cochin-China Diarrhcea, 1780 
Cochin Chinese, the, 34 
Cochin Leg, 1610 
vSore, 2181 

Cochineal Insect, 761 
Cockroach, 763 
Coco, 1535 

Coconuts, Falling, Traumatisms due 
to, 136 

Coelenterata, 203, 338 
References, 228 
Coeliac Disease, 1780, 1799 
Ccelodiazesis, 792 


C adospovidiidcB^ 534 
Coenogonimus, 570 
Coffee-drinking, Excessive, 178 
Cohnisireptoihrix, 1041, 1063 , 1747, 
1886, 2139, 2141, 2149 
Dermatomycoses due to, 2041 
Organisms included in, Histf>ry of, 
2138-9 

S^xjcies 

americana, 1064 . 1063 
caroiigeaui, 10G5, 1000 
citniciili 1064, 1063 
f fersteri, 1063, io()(>, 1067 , 2009 
isvaeli, 1063, 1064, 10(15, 1066 , 
2138, 2139, 2140, 2141 
neschezndirneuki , 10(14, IC165 
sUberschmidti, 10(^3, 10(14, 1065 
tenuis, 932, 10(13, io()(>, 1067 , 
2041. 2101, 2102, 2105 
Ihibicrgei, 10(13, 1064, 1063, 1066 , 
2041, 2139-40, 2141 
Table of Sj>ecies possibly belonging 
I0, 1065 

C( )1 d , C< iin moil , 1321, 2013-14 
Cold-Blooded Vertebrates, Trypano- 
somes Infecting, 393, 3 fi 8 
Cole opt era, 748, 837, 871 
Infestation by, 1639, ]()40 
References, 871 
Venomous, 218, 226 
Keferences, 229 
Vesicant, 2204, 2203 
Coleopterous Larvae, Irritating 2208 
(xilic, Trematodal, 1752 
Colitis, Amoebic, 1823 
D ysen t eri c , 5 3 8 , 1836 
Polyposa, 1847 

Collection of Blood-Sucking Flies, 
How to make, 748 
Col-lyfricha faba, 572 
Colmoyote, 1633 
Colo bom a, 1993 
Iridis, 1939 

Colombian Relapsing or Tick Fever, 
444, 445, 919. 1324 
Colorado (mite), 725, 2213 
Colour-Blindness in Natives, 130, 1995 
Colour of Clothing, 89-90 
Protective, 85, 86, 87 
Colpo di Calore, 14 j9 
di Sole, 1449 
Colpoda, 547 

cuculbis, 346, 347, 1837 
Colponema, 337 
Cohibcv corais, 487 
Colubra, 242 
Cohihridce, 244 
Venom of, 163 
Cohibrince, 245 

Colubrine Venom, 163, 243, 244, 254, 
256, 262-3, 264-8 
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Colubrinc, Anti-Sera for, 272, 273 
Columbensis Parenteric, 1405, 1408, 

1410 

Columella, 972 

Coma, Alcoholic, or Renal, Difteren- 
tial Diagnosis from Heat 
Stroke, 1456 
KiissmauTs, 1924 
Renal, 1^56 

Comatose type of Subtertian Malaria, 
1173, 1174 

Conihretum grandiflora, 183 
Comedos, 2272 

Common Cold, 1521, 2013-14 
Continued Fever, 1362 
Comoro Islands, Fish-Poison of. 1 88 
CompositcB, 2152 
Compsomyia, 415 
ruhyifvons, 847 
Commission, 1981 

Cone-Nose Bug of America, bite of, 
767-s 

Cone-Nosed Bugs, Fevers ennied by. 
1128 

Cones, Bites of, 227 
Confluent Smallpox, ir|88 
Congenital Achromia, 2230 
Fye Defects, 1995 
Goitre, 1920, 1922 
Hyperkeratosis, 2236 
Leu coderma, 2230 
Leucopathia, 2230 
Leuka.smus, 2230 
Malaria, 1134. J142 
Reference, 1211 
Congest! ne, 204 

Congestion of Liver, 1906, 1908 
Congo Floor-Maggot, 830. 2208 
Congo Region, Vegetal Aphrodisiacs, 
of, 172 

Conic era, 1630 
Conidia, 969 

Conidiophore, 1033, 1036, 1039 
Conidiosporales, 1039, 1110 
Conidiiini, 1035, 1037, 1038 
verum, 1039 
ConifercB, 2153 
Conipalpi, 710 
Conjifgatce, 923 
Conjugation, 28S 

Conjunctiva, Focal Necrosis in, 2006 
Hyperaemia of, 1995-6 
Loa loa in, 645, 1971, 1972, 2007 
Conjunctiva Sporotrichosis, 2010 
Conjunctivae, Chyle-extrusion from. 
Filarial, 1617 
Conjunctival Xerosis, 2000 
Conjunctivitis, 902, 1994, i995, 1996, 
1998, 2003, 2006 
Actinomycotic, 2009 
Angular, 1996, 1997 


Conjunctivitis, 'continued 
Catarrhalis, 1996 
Diphtheritic, 1996 
TEstivalis, 2001 
Gonorrhoica. 1996, 1997 
Malarial, 2004 
Mycotic, 1059, 2008 
Neonatorum, 539. 10^7 
Nocardial, 1059, 2009 
Nodosa. 1996 
Phlyctenulosa, 1996, 2002 
Purulent, 1060 
Trachomatosa, 1996, 1998 
Ulcerative, 1060 
Vernalis, 1996, 2001 
ConnavacecB, 2152, 2153 
Connective Tissue 

Derangements of, 1519, 1524 
Diseases of, 1967 
References, 1979 
Tumours of 
Benign, 2273 
Malignant, 2274 
Conor/iiniis, 19, 767 
genictilatus, 1283-4 
nicgistus, 768 
nigrovarius, 767, 768 
protr actus, 767, 768 
renggeri, 767. 768 
vuhrofasciaius, 372, 398, 767, 768-9 
sa ngu isugus . 767 
vnriegatus, 767 
Conservancy, 33^ 

Constipation, indications from, 1520 
Consumption [see also Idithisis), 132 
Contagion, 13 
C ontagium vivum, 22 
Contaminative Transmissic 11 of 
Disease, 921 
Continued Fevers 
Bilious. 1363 
Common, 1362 
Double, 1463 
References, 1473 
Korean, 1355 
Simple, 25, 1234, 1372 
Convection, 69 
Convulsions, Infantile, 122 
Convulsive Tics, 1983 

Type of Subtertian Malaria, 1173. 
11T5 

Coolies, Estate, Anaemia in, 1903 
Rickshaw, Blood-vessel affections 
of, 1904 

Sore Feet of (Ground-Itch), 1764 
Cooly Itch, 553, 730, 2247, 2248 
of Feet, 2214 
Cope pod a, 739 

Copper, Salts of. Poisoning by, 162, 170 
Copper Sulphate, Poisoning by, 170, 
189 
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Copper-Head Snake, 250 
Copra Dust, 1876 

Itch, 729, 730, 2200, 2214. 2215,2248 
Coprolalia, 1986 
Copromastix, 348, 349 
prowazeki, 348 
Coptopsylla, 865 
Coral Snake, 248 
Corals, Stinginej, 20^, 204 
Coras, the. 60 
Cordiceps sinensis, 172 
Corditis, Suppurative. 1939 
Cordylobia, 830, 832, 849 
References, 856 
Species 

anthrcpophaga, 849 , 852, 1621, 
1632. 1633, 1637. 1638 
grimbergi, 849, 1637 
prcBgrayidis, 1637 
rodhaini, 850 , 1633. ^^37^ ^638 
Coreotrypanosis, 1283 
Covethra, 793, 801 
CoreihvidcB , 773, 789, 801 
Corethrince, 789 
Corethropsis, 1112 
Coriaria, 176 
uiyriifolia, 176 
ntsci folia, 1 76 
Corizonenva, 822 
ha si a, 823 
lineatithovax, 823 
penetrahilis, 823 
Cormollote. 828, 1633 
Corn-cockle, 197 

Cornea, Central Parenchymatous In- 
filtration of, 2005 
Focal Necrosis in, 2006 
Glenosporosis in, 2010 
Opacity of, 2006 
Phlyctenular Keratitis of, 2002 
Sore on, in Rabbit. 378 
Ulcers of, 1031, 1997, 2000, 2003. 

2004, 2006, 2009. 2201 
Cornu cutaneum, 2277 
Coronella austriaca, 245 
Corps oviformes, 476 
Corrosive Sublimate, 170 
Corynanthe yohimhi, 172 
Covyncbacterinm, 965, 1040 
Coryza Spasmodica. 1875 
Cosmopolitan Diseases, 115 

of Mucous Membranes, 2264, 2283 
Fevers, 1128, 1474 
Skin Disease, 2015, 2017, 2264 
Ulcerations, 2190 
Cossala, 1753 
Costiopsist 348 
CottidcB, 232, 234, 237 
Cotton, Pink-bollworm of. Parasite 
of, attacking Man, 2214, 
2216 


Cotton-Handler’s Itch, 2214 
Cotton-Moth Caterpillars, Parasites 
of, 2216 

Cotton Plants (Uganda), Herpeto- 
monad of, 367 

Cotton-Seed Dermatitis, 2216 
Coitus buhalis, 234 
gobio, 234 

scorpius, 232, 2 3 3 , 2 3 1 
Cofylogonimus, 570 
heterophyes, 570 
Coup de Chaleur, 1449 
Coup de Soleil, 1449 
Courap or Co wrap, 2053, 2217 
Courmont’s Parasites, 998 
Cow-dung Poultice, 1952 
Wash, 1952 
Cowhage, 2159 
Cow-Parsnip, 2157 
Crab Louse, 757 

Crabs, Fresh-water, hosts of Para- 
gominus, 375 
Craigia, 298, 299, 300, 324 
References, 329 
Species 

hominis, 325 
mi grans, 325 

Crambas pinguinalis, 1640 
Craniopagus, 1958 
Craspedomonadida:, 333 
CrassulacccB, 2153 
Craw-Craw, 1497, 2247 
References, 2263 

Creeping Disease, or Eruption, 123, 
1633, 1639, 2200, 2208 
References. 2220 
Circinate, 2200, 2210 
Cretinism, 120, 123, 1919 
Endemic, 1920, 1922 , i959 
Sporadic, 1920 
Cretinous Idiocy, 1920 
CricetincB, 915 

Crime due to Alcoholism, 175, 1981 
in relation to Latah, 1987 
Criminal Poisoning, 161, 162 
Cristispira, 439 

anodontce, 437, 438, 439 
balhianaii, 437, 439 
Crithidia, 358, 359. 

369. 372. 376, 397 

Species 

campanulata, 369 
cleti, 369 

cienophthalmi, 376 
cunninghanii, 378 
fasciculata, 369 
gerridis, 363, 366, 367-8 
^ grayi, 401 

* hyalommcB, 362-3, 369 
hystrichopsyllcB, 369, 376 
melophagia, 363, 369, 386, 388 
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Crithidia, continued 
Species, continued 
minuta, 369 

Porter’s and Wenyon’s, 376 
pulicis, 369, 376, 479 
tabani, 819 

Crithidial forms of Trypanosomes, 
3 ^ 9 , 390 

Crithidium, 2193 

Crocodiles, Parasites of, 401, 480. 486 
Traumatisms due to, 12, 153, 514 
Cyotalincs, 249, 250, 251 
Crotaliis, 250, 251, 252, 

Venom, 243, 253, 257, 258, 260, 
261, 262, 263, 269-70 
Anti-Sera for, 272, 273 
Species 

adamanteus, 251 
atrox, 251 
cerastes, 250, 251 
confluentus, 250, 251, 253, 487 
durissus, 243, 250, 253, 254, 259, 
272, 273 

horridus, 250, 251, 256, 269-70, 273 

mitchelli, 251 

or eg onus, 251 

scutulatus, 250 

terrificus, 231 

Croton tiglium, 1O8, 185, 190 
Crotonus, 720 
Crustacea, 689, 739 
Crypt ohia, 337, 338 
Cryptocerata, 761 
CryptococcacecE, 1070 , 1071 
Cryptococcosis Kpidermica, 2092 
Cryptococcus, 981, 1037, 1069, 1070, 
1071 , 1782, 1886. 1944, 
2008, 2081 

Dermatomycoses due to, 2041 
Species 

breweri, 1072, 1075 
capsulatHs, 1076 , 1669 
cerevisicB, 1072 
corselli, 1072, 1074 
degenerans, 1072, 1074 
dermatitis, 1073 , 2008, 2009 
epider midis, 1075 , 2092 
farciminosus, 1072, 1076 
gilchristi, 1073, 1079 
glutinus, 1072 
granulomatogenes, 1076 
guillermondi, 1072, 1075 
guttulatus, 1072 
harteri, 1075 
hessleri, 1072, 1074 
hominis, 1069, 1071, 1072, 1073 
hudelo, 1075 
lesieuri, 1072, 1075 
lingucB piloscB, 1061, 1073, 1074 
lithogenes, 1076 
membranogenes, 1075 


Cryptococcus, continued 
Species, continued 

myrniecicB, 1073, 1077 , 2262 
niger, 1076 
plimmeri, 1072, 1074 
rogeri, 1073 
ruber, 1076 
salmoneus, 1072, 1075 
sulfureus, 1072, 1075 
tokishigei, 1076, 
tonkini, 1072, 1075 
1072 

t ryptocysies, 528, 529 
Cryptocystis trichodeciis, ()o8 
Cryptogenic Septicaemias. 1429 
Cryptostigmata, 692 
Crystallospora, 473 
C r y s totrypa necE, 396 
CtenizidcB, 212 
Ctenocephalus, 864 

canis, 363, 608, 866, 807 
/c//6, 608, 866. 867 
musciili, 867 
serraticeps , 3 76 
CienocoridcE, 761 
Cienomyces, gS6 

serratus, 987, iioi, 203.] 
Cicnophthalmus, 865, 86(> 
ergyrtes, 367, 866 
assimilis, 866 
serraticeps, 867 
Ctenopsylla, 863, S66 
aganiffies, 80)6 
cllohius, 866 
musculi, 866, 867 
peciuniceps, 866 
selenis, 866 
spectabilis, 866 
taschenbergi, 866 
Cucumis trigonus, 170 
C ucurbitacece , 170 
Cuicatecs, the, 56 
CulerebrincB, 826 

Culcx, 23, 3.16, 774, 776, 792, 796, 
799,873, 896, 1137, 2096 

Species 

cBstuans, 799 
agilis, 799 
alpinus, 799 
calopus, 799 
ciliaris, 799 
communis, 799 

faiigans, 23, 369, 513. 342, 637, 
638, 799 , 12^4 5^^., 

1527, 1596, 1598 
frater, 799 
nemorosus, 513 
pallipes, 799 
phytophagus, 799 
pipiens, 363, 366, 398, 432-3, 

519, 774. 799 
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Ciilex, continued 
Species, continued 
ptingens, 799, 1650 
rufus, 799 
vulgaris, 799 
Vectors of Filariasis, 747 
Possibly, of Dengue. 7^7 
Culicidce, 771, 773, 774 , 781, 801, 
1630, 2200 

Bites and Venom of, 223 sqq. 
Treatment, 226 
Classification, 789 
Eggs, 771 

References, 229, Si 3 

Species Carrying Malaria, 791, 702, 

, 793. 794. 795. 799 

Important, in Tropical Medicine. 
790 

Wings, 772 
CulicimovphcD, 801 
CulicincB, 398, 786. 790, 796 
Culicites, 801 

Cul-ick-um-ek Plant, Poisoning by, 124 
Culicoides, 802, 804 
hviicei, 743 
grahanni, 805 
habereri, 805 
pulicaris, 804 
varius. So 5 
Cultripcilpi , 710 
Culture Zone, ^4 
Cupping for Arrow-wounds. 181 
Curari as Arrow-poison, 185, iSO 
Curative Poisoning, 171 
Curin, 186 
Curupira, 813 
torrent ium, 813 

Cutaneous Blastomycosis, 2085 

Diseases {see also under Names), 
1301, 2013. 2017 
Differentiation of, from Pellagra, 

1730-1 

Eruptions, Diagnosis of, 1313 
Leishmaniasis {see also under Leish- 
maniasis), 908, 2165 
References, 2197 

Localization of Subtertian Malaria, 
Symptoms, 1175, 1181 
Myiasis, 1632, 1633. 1637 
Pigmentation, 73, 84 sqq , 

1329, 1331, 2232, 2263. 
22G6, see also Diseases 
in which occurring 
Diagnosis, 1513. 1519 
Spirochaetes, 448-9, 432 
Spirochaetosis, 1335 
Tuberculosis, 2264, 2277 
Tumours, 2264, 2273 
Ulcerations, 2013, 2017 
Cuterebra hominis, 1633 
noxialis, 828, 1633 


Cyanea capillata, 204 
Cyanophees, Oscillatory, 437 
CyanophycecB, 43O, 923 
Cyathoniastix , 349 
hominis, 330 

Cyclasterella scavlatinalis, ;)37 
Cyclitis, 2003, 2006 
Cycl oce phal u s , 1938 
Cycloleppieron, 780, 791, 884, 885 
grabbami, 888 
medio piinciatum , 883 
noiotrichiim, 

Cyclones, 82 

Cyclophyllidea, 600, Got, 607 
Cyclops, G31, 739, 895. 896 
Cyclorrhapha, 773, 774 , 825 , 901 
Cyclospora, 473 
Cyniphcs molestus, 810 
CympidcB, 908 
C ynomyia, 831 

moriuorum, S 3 1 , 1 62 9 
Lynoiiiy . 914 
C ynovhccstea, 693 
CynovhcBstes, 720 
Cypania, 173 
Cyprin i-silnrifovnics , 232 
Cyprinodoniidcc, 7S9 
C ypripedium pubescens, 2153, 2154 
spectahile, 2139 
(b’prus Fever, 1337 
C yrtoneura stahulans, 1G29 
C'ystic swellings of Tibir., 1072 
Cysticerci, 396 
Cysticercoid, 399 
Cysticcrcosis, i()G7 
('vsticercus, 399, G03 
acanihotrias, 601 G13 

bovis, 614 

celluloses, 613, 2007 
fasciolaris, Goo 
Cystocercoiis Cercavics, 559 
Cvsiici. 396 
Cystinuria. 192G 
Cystitis, Amcebic, 1933 
Schistosome-caused . 1 92G 
( ' vstojlagellaia , 332 
Cysto-pyelitis , 1 949 
Cystotrypanecs, 396 , 397 
Cystoirypanosoma, 39G, 397 
iniestinaHs, 396. 397 
Cysts, Ovarian, 1945 
Cytamceba, 304 
Cytisus cadjan, 195 
Cytoleichus hominis, 731 
sarcoptoides, 731 
Cytomorpha, 297 
Cytooilwn group, 541 
Cytoplasm. 290, 291, 

Cytopyge in Nyctotherus, 344 
Cytoryefes, 535 , 340, i486 
varioles, 535 , 540, 1487 
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Cyiospermium hominis, 475 

villOYum intestinalis canis 473 

Cytosporon, 504 

Dacryocystitis 1064, 1066 
Dacryolithes of D^smarres, 1067 
Dactylitis, Multiple, in Yaws, 1552 
Dactylolysis Essentialis, 2241 
Dactylophoridce, 471 
Dactylosoma, 488 
Dactylosphera, 298 
Dadane, 1260 
Da-fil, 1595, 1610 

Daffodil, poisonous qualities of, 2163 
Dajaksch, Dart-poison of Borneo, 184 
Dalbergia latijolia, 2160 
Dallengevia, 345 
Dais or Dhals, 105 
Dambul Fever, 1129 
Dam din Fly, 81 r 
Dancing Mania, 1986, 1987 
Dangerous Climates, 13 1 
Danilewskya, 478 
Daphne giiidwm, 188 
mezeveum, 2153 
Darier’s Disease, 474. 2281 
Darmtyphus, 1363 
Darnel, 197 

Dart-Poison of Borneo, 183 
Dasyhasis 820 
Dasypeliince, 245 
Dasypcliis scahra, 245 
Dasyphora pratorum, 367 
Dasy pits novenicinctiis, 881, 882. 1283, 
1284 

Datura Poison, 124. 170, 173. 178, 
190, 2153 
Species yielding 

fastuosa, 170, 171, 178, 190 
stramonium, 2153 
Daucus carota, 170 
Dau-ool-fil, 1593, 1610 
Davainea, 601, O02, 611 

asiatica, 601, 604, 611 612 
madagascaricnsis, 601, O04. 611 , 

175^ 

References, Oig 
Davaineiasis, 1758 
DavaineincB, 601, 607, 611 
Deaf-Mutism, 1920 
Deafness, Aspergillar, 1031 
Cinchonal, 1181 
Malarial, 1181 
Post-Malarial, 1184 
Tropical, 2013 . 

Death Adder, 247. 

Death at Will, 1991 
Death-Fish (Hawaii), 194 
Death’srhead Moth, 22G 
Debab, 414, 415, 874-5 
Deharomyces, 979 


Defensive Reflexes, Exaggerated, 
1982 

Deficiency Diseases (see also Beri-beri 
Pellagra), 109, 1533, 
1671, 1675, 1690, 1691, 
1709 

Definitive Hosts of Animal Parasites, 
872, 873, 921 

Dcfoimities of Lobule of Ear, 2010 
in Papua, 123 

Degeneration Endemique des Os du 
Pied, 2115 
Deinoceraiince, 790 
Delhi Boil or Sore, 378, 380, 2165, 
2166 

Deli, Sumatra, Pseudo-Typhus of, 

1354-5 

Delirious type of Subtertian Malaria, 
1173, 1175 

Delphinium consolidum, 2153 
Delusions, 1991 
Dematiacecr, 1036 
Dementia, 1524, 1981 
Demodex, 731 
hovis, 734 

tolliculorum, 732 , 2007, 2011, 2215 
phylloides, 734 

DcmodicidcB, 692, 731 , 2011, 2215 
Reference, 742 

Demonology and Medicine, 3 sqq. 
Dendraspis, 246 
vividis, 251 

Dendrodichum microsporus, 1032 
Dendromyina?, 790 
Dengue, 25, 1233, 1244 , 1429, 1461 
A^Tiology, 124O-7 
Blood in, 124O, 1248 
Bodies in. 1245, 1246 
Climatology, 122, 1244 
Cf>mplications, 1249 
Course, 1247 
Definition, 1244 
Diagnosis, 1250, 1515, 1527 

Differential, 1186, 1238, 1250, 
1253, 1238, 1313, 1395. 
1497, 1498, 1505 
History, 1244-5 

Insects carrying, 23, 542, 747, 799, 
920, 1128, 1244 
Morbid Anatomy, 1247 
Onset, 1527 
Pathology, 1247 
Prognosis, 1250 
Prophylaxis, 116, 1250 
Rash. 1248, 1249, 1515 
References, 1242, 1253 
Reinfections, 1250 
Relapses, 1249 
Sequelae, 1249 
Symptomatology, 1247 
Synonyms, 1244 
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Dengue, continued 
Treatment, 1250 
Varieties, 1249 
Virus filterable, 541, 542 
Dengue-like Fevers, 1252 
References, 1253 
Denisonia, 246 
superha, 251 

Dental Bridges, 1520, 1531 
Caries, 124 

Denticulate Bodies in Microsporuni, 
990 

Dermacentor , 700, 710, 71 1, 715 , 1341 
alhicollis, 716 
albipicius, 716 

under soni. 700, 716, 717 , 920, 

1341, 1342, 1343. 1344. 
I3^5. 134S, 13-19 
under soni group, 716 
elecius, 700 
ferruginous, 716 
marginatus, 700-1 
maturatus, 1341, 1348 
molestus, 700, 1341 -2, 1343 
nigrolineatiis, 716 
nitens, 716 
occidentalis, 716 
parumapertus, 716 
pordalinus, 716 
retioulatus, 700, 716 , 1341 
reticulatus group, 716 
salmoni, 716 
salmoni group, 716 
variabilis, 701, 716 
venustus, 700, 716. 717, 920 
Dermal Canthariasis, 1G41 

Leishmaniasis (see also under 
Leishmaniasis), 908, 
2165 

References, 2197 

Myiases (see also Myiases), 831, 
1623. 1631 , 2208 
Traumatic, 1623, 1632 
Pyogenic Infections, 2015, 2017 
DermanyssincB, 693 , 2213 
Dermanyssus, 693 
gallina, 693 , 2007, 2213 
hirudinis, 693, 2213 
Dermaphyton, 1077 
Dermapteriasis, 1619, 1639, 1641 
Dermatites, 691, 1301, 1730 
Acarine. 2200, 2206, 2213 
Alcoholic, 1730 
Cestode, 2200. 2220 
Chilopode, 2200, 2213 
Hexapode, 2200 , 2207, 2211 
Nematode, 523. 1763. 1764, 1771, 
2200, 2219 

Plant-caused, 2015, 2017, see also 
Dermatitis Venenata 
Pyogenic, 2017, 2029 


Dermatites, continued 
Streptococcal 
■ Primary, 2030 
Secondary, 2030, 2036 
Urticarioid, 2216 
Dermatitis, 1098 

Blastomycetica, 2081 
Bullosa plaritaris, 2025, 2036, 2037 
References, 2039 
Cane-cutter’s, 14O6, 2x63 
Castellanii (Copra-Itch), 2215 
Caused by Acarina, 691 
Chronic, 1730-1 
Cinchona Bark, 2162 
Cotton-seed, 2216 
Cupoliforniis, 929, 2030, 2034 
Ditropenotus, 2216 
Eczematous, 2048 
Erysipeloid, 1058 
Erythematous, 1033 
Exfoliativa, 2264, -270, 2271 
Factitia, 2151 
Herpetiformis, 2206, 22(39 
Interdigitalis, 2036 
References, 2039 
Intertriginous, 982 
Macrogyrata, 2200, 2210 
Medicamentosa, 2131 
Nodosa rubra, 2247, 2249 , 2252 
References, 2263 
Nodular, 2247 
Papillaris capillitii, 2 2o(j 
Pellagrous. 1713 
due to Phihiviiis pubis, 758 
Poultryman’s, (S93, 2213 
Pratensis, 2030, 2032 
Protozoic, 2081 
Pruriginosa tropica, 2248 
Quinine-caused, 2153, 2162 
Kecurrens, 2206 
Eeed-cutter’s, 2163 
Rimosa, 2036 
Scarlatiniformis, 1513 
Schambergi, 2216 
Seasonal Bullous (Vesicular), 22G, 
2204 

Ulcerative. 1091, 1112 
Chronic, 1073 
Vanilla, 2163 
Veldis, 2030 

Venenata, ^ 19L ^017. 2151 , 

2264, 2267 
xFtiology, 2152-4 
Climatology, 2152 
Delinition, 2151 
Diagnosis, 2154-5 

Differential, 1730, 2155, 2206 
History, 2151-2 

Personal Idiosyncrasy and, 2154 
Plants causing, 2151-2, ^162 
, Groups of, 2155 
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Dermatitis, continued 

Plants causing, continued 
List of, 2152-3 
Prophylaxis, 2155 
References, 2163-4 
Symptomatology, 2154 
Treatment, 2155 
Vesicular, Seasonal, 2004 
Dermatobia, 826, 828 
bovis, 827 

cyaniveniris, 828 , 830, 896, 897, 
1627, 1632, 1633, 2007 

diana, 827 

hominis, 828, 1619-20, 1621, 1635 
Synonyms, 1633 
kenicB, 830, 1633 
mexicana, 1633 
noxialis, 828 
References, 856 
Dermatobia Myiasis, 897 
Dermatobiasis, 1633 
Dermatococcus, 1600 
Dermatology, hTingi of importance 
in, 981 

Dermatomycoses, 1080, 1081, 2015, 

2017, 2041 

Tropical 

Classification, 2040 
References, 2107-9 
Dermatomycosis chronica ligiirata 
exfoliativa, 2060 
Dermatophiliasis, 25. 22 [o 
References, 2220 
Devmatophilns, 8{;)i 
ccBcata, 861, 866, 867 
penetrans, 285, 8()i, 862 , 864, 86(). 
i26f), 1273, 2211 
Dermatose Parasitairc, 2237 
Dermatoses, 539 
Acarine, 2213 
Nematode, 2219 
Dermatosis, 1097 

Festonata Frontalis, 2222, 2234 
References,* 2244 
Hyphomycetica Indica. 2086 
Nigro-Circinata, 2222 2235 
Dermatozoiases, 226, 2015, 2017, 

2 1 51, 2200, 2207, 2267 
Dermatropismus, 539 
Dermestes lardanus, 1630 
murmus, 1640 

Dermite Ulcereuse Circonscrite, 2165 
Dermo-Conjunctival Filariasis, 1967, 
1968, 1971 
References, 1980 
Dermopiera, 1639, 1641 
Dermotagra, 1726, 1730 
Derrid, 188 

Derr is elliptica, 184, 188 
uli^inosa, 187 

Desert Hallucinations, 1981, 1990 


Desquamation, Sweat, 2227 
Desvoidea, 789 
Deuteroanopheles, 883, 885 
Deuteroconidium(ia), 1037, 1038. tioS 
DeuferomycetacecB, 1035 
D enter ofnycetes, 1035, 1036 
Deutovum of Acarina, 691 
Devescovina, 351 
Devil-dancing, 4 
Devitrification, 82 
d’hatti fallategen, 1922 
Dhobi Itch, 1007, 2040 2042 
Dhome majara harik, 200 
Diabetes Mellitus, 7, 122, 1525, 1743, 
1919, 1924 , 1934. 2226, 

2232, 2233 
Reference, 1925 
Diabetic Boils, 1924 
Diachlorus, 820 
Diagnosis, Indian, early, 7 

Microscopical and Clinical, 16 
of a Tropical Fever, 1511 
Diamphidia simplex, iSo 
Dianella neniorosa, 191 
Diaphoretic-like Subtertian Malaria, 

1173. 1174 

Diarrhoea, Incidence, 122, 123, 124 
Organisms associated with, 325, 
354. 335. 451. 4f>«. 

547. 548. 550. 

5<-'9. 57-2 

Alba, 1 7 So 
Choleraic. 1809, 1820 
Chronic, 325, 872 
Chylous, 1608, 1610 
Cochin China, 1780 
] 4 ysenteric, 569, 1824 
Bacillary, 1848, 1851 
Trematodal, 1752' 

Endemic, 1780 

Epidemic, or Summer, 899, 1780, 
1 8,(7 

Eamine, 1780, 1798 
Flagellate, 877, 1780, 1796 
References, 1800 
Table of Animal Carriers, 878 
Hill, 1780, 1788, 1795 
References, 1800 

Infantile, 120,122,123. 908, 1 847, 1 960 
Bacillary, 1838, 1851 
Low-Country, Morning, 1780, 1796 
Lymph, 1608, 1610 
in Paragonimiasis, 1587 
Puerperal, of Bengal, 1955 
Serous, 1820 
Trematodal, 1752 
Trench, 1820 

Diarrhoeal attacks and Pellagra, 173 
Diarrhoeas, 25 
^Etiology, 18, 124 
Diseases in which present, 1520 
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DiaiomencB^ 923 
Diatomineura, 822 
hasta, 823 
linealiihorax, 823 
penetrabilis, 823 
suavis, 823 

nibothriocephalidcB, 602, 60^ 604 
Dibothriocephaliuce. 6ot, 604 
Dibothriocephalus, ()Oi, 602, 604 
brauni, 60 1 

cordatiis, 601, O03, 605 , 

Reference, 018 
cri status, 604 
grandis, 601 

latus, 205, 553, 598, (>oi, 603, 604 , 

1757 

References, (>18 
parvus, 601, 604, 605 , 1757 
Dihothriuni, 604 
latus, (>04 
mansoui, hoO 
Dibothrius, O04 
Dicephalus, 1958 
Dicercomonas, 335 
Dichapetalacece, 191 
Dichapetaluui toxicarntm, i88 
Dichelacera, 820 
Dicrania, 823 
Dicrocceliidcr, 580 
Dicroceliuni , 580 
dendriticu))}, 380 
lanceatitni , 38tj. IU07, 2007 
Relerences, 5^3 
Didymophyicia', 471 
Didymoyphleps, 802 
Diemenia, 24^) 
psannuophis, 231 
Dientanuvha , 2^8, 2 ( 0 , 323 
fragihs, 324 
References, 32(> 

Dienycleitu< viridcsci'iis, 301 
Dietetics, 8, 9 Q stjq. 

Ancient, <33-3 
Bedouin, ()() 

Bengalese. 03-() 

Businnan, (»^> 

History, 23 
Indian, gS 

Diets, Calculation of. 106-7 
Food I 'actors 111 

Estimation of, a.s to 
Quality, 10 1 
Quantity, 07 
Low Protein. 107, 119 
Seasonable, loo 
Standard. (>8 sqij. 

Difamus, 349 
tune} 7 sis, 330 

Diffenhachin scqitina, 172-7, 

Diffuse Chronic Periostitis in late 
Frambmsia, 1555 


Diffuse Leucoderma, 131 
Digenea, 560 
Digestibility of Foods 
Coefficients, 101-2 
Definition, 101-2 

Digestion, Effect on, of Climatic 
Conditions, 76 

Digestive System Localization, Sub- 
tertian Malaria with. 
Types of, 1175. 1177 

Digitalin, 179 
Digitalis, 167, i6o 
Dimorphiis, 466 
Dinoflagellata , 332 
Dioctophyme, 623, 674, 675 
renale, 623, 675 
DioctophyniincB, 074 
Dioscorea, 173 
hirsuta, 184 
Dioscoreaccda, 184 
Diospyrus ebcnuni, 2160 
won "ana, 190 
Diphtheria, 1740, 1996 

Bacillus of, 963, 1040, see also 
under Bacillus 
Climatology, 120, 122 
Diagnosis, 1321 

Bacteriological, 1520 
Differential, 1748 
Form of Gangosa resembling, 
1879 

Mixed Mycotic Infections, 1748 
Rash. 1317 

Fowl, Filterable Virus of, 541 
Diphtheritic Conjunctivitis, 199G 
Diphtheroid B. cillus, 2247 
Ulcers, 219T-2 
Diphyllidea, 600 
Diphyllobothrium, 604 
Diplacanthns, G09 
nanus, 610 

Diplobacillary Bodies, 2193 
Diplobacillus, 174G 
Diplococcus(i), 925, 927 , 1600, 2019, 
2192, 2193 

crassus, 1477. 1478, 1482, 1497 
flavus, I., IL, & HI., 1478 
gonorrhoea, 1951 

intracellularis, meningitides, 1474, 

1475. 147^^ 1477. 1497 

mucosus, 1478 
pneumonice, 927, 1477, 1951 
in Trichomycosis, 2102 
Diplodiscince , 361 
Diplogonoporoses, 1 73 7 
Diplogonoponts, 601, Go 2, 604, 605 
References, G18 
Species 

balcenopterus, G05 
brauni, 605 , 1737 
grandis, 605 , 1757 
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Diplomastix dahlii, 338 
Diplopoda, 689 , 1639. 1641, 1841 
flleferencesv 741 
Diplepodiasis, 1619, 1641 , 1778 
Diplospora, 473 
Diplo-sireptococci, 1941 
Diplozoa, 333, 464 
Diprosopus, 1958 
Dips, Tick-Eradication 701, 1348 
Formula, 1349 
DipsadomoYphincB , 245 
Dipiera, 218, 747, 748, 771 , 900 
Collection of, 772 
Larvae of. 771, 895, 1631 passim, 
2207-8 
References, 2221 
References, 813, 855 
Venomous Species, 223-6 
References, 229 
"Wings, 771-2 
Dipygus, 1958 
Dipylidiasis, 1757 
Dipylidiince, 601, 607 
Dipylidium, 601, 602, 608 

caninum, 601, 608 , 857, 895, 1757 
References, 619 
cucumerinum, 608 
Dir 0 filar ia, 623, 632, 644 
immiiis, 633, 645 , 1598 
magalhasi, ^2^, 644 , 

References, 681 
Discomyces, 1041, 1042 
aster oides, 1053 
hovis, 1051, 1057 
brasiliensis, 1053, 2131 
buccalis, 1061 
carougeaui, 1066 
decussatus, 1059 
foersieri, 1067 
freeri, 1058 

garteni, 1050, 1060, 2136 
holmesi, 1057 
lingualis, 1061 
madurcB, 1051 
minutissimus, 1053, 1062 
somaliensis, 1051, 2138 
thibiergi, 1064 
DiscomycetacecB, 1041, 1042 
Discophora, 683 

Discovery, the, of the Tropics, 15-16 
Disease, Endemicity of, 114 

Evolution in relation to, 112 , 114, 
394 

Symptoms of, 113 

Diseases affecting Tropical Life Assur- 
ance, 131 

Causation of [see also Etiology 
under each Disease), 
17 sqq,, 88, 115 
Chemical, 115, 161 , 1533 
Parasitic, 115-17, 872, 1533 - ^535 


Diseases, affecting Tropicai l,Ut 
Assurance, continued 
Causation of, continued 

Physical, 115, 137 , 1449 . 1533 
References, 141, 146, 157, 1460 
Change of Character of, 1 14 
of Deficiency, 109, 1533, 1671. 

1675, 1690, 1691, 1709 
Mentioned in Early Medicine 
Egyptian, 9, 17 
Indian, 7-8 
Jewish, 9-10, 17 
Miscellaneous, 2247 
References, 2263 

New, 1 13-14, 394 " 

Nomenclature of, 287 
Spread of, by Geographical Dis- 
covery. 1 14 

Tropical, 112 , 120-5, 1127 sqq. 
of Unknown Causation, 920, 1533 
Disinsection, 9 
Dispnee Tropicale, 1873 
Disporea, 529 ♦ 

DispovocysiidcB, 473 
Disseminated Sclerotic type of Subler- 
tian Malaria. 1175, 1176 
Dissenteria Amebica, 1825 
Bacterica, 1841 

Distemper, Canine, Disease resem- 
bling. 493 
Distera, 249, 251 
cyanocincta, 268 
semperi, 249 
Distichodenta, 686 
Distoma conus, 576 
croiali, 738 
durissi, 738 
echinatum, 582 
hepatis 

endemicum sive perniciosum , 579 
innocMum, 578, 579 
sinense, 578 
spathulatum, 578 
Unnamed, in Delhi Boil, 2166 
Distomata, 564 
DisiomatidcB , 464 
Distomatosis, Pulmonary, 15S4 
Disiomea, 557, 560 
Distome Cer caries, 558, 559 
Distomum acuium, 572 
buski, 568 
cerebrate, 573 
crassum, 568 
gasirophilus, 572 
hepaticum, 565, 573 
heterophyes, 570 
lanceolatum, 576, 580 
oculi humani, 565, 567 
ophthalmicum, 567 
pulmonale, 573 , 574 , 1584 
pulmonis, 573 
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rathouisi, 568 
rimeri, 573, 574, 1584 
stotrtcum, 576 
tenuicolle, 576 
Divers, and others. 142-3 

Medical Examination of, 143 
Divisions of Mankind, 44 sqq. 
Djudsam, 1644 
Dochmiasis, 1761 
Dochmiosis, 1761 
Dochmius, 665 
ancyhsfomum, 666 
duodenalis, 666, 673 
Doehle’s Bodies, 1328 
Doen^a dc Sonno, 1260 
Dog-Bites, 12, 1 51 
Dog-Fleas. 375, 376, 1299. 1303 
Dog-Louse, 608 
Dog-Mites, 733 

Dog-Ticks, 693, 713, 719, 722 
Dogs, Parasites ^ of, 411, 414, 483, 
492, 493, 515 

^ Doldrums, 80 
Dolichandrone falcata, 1 88 
Dolichopodid^e, 824 
Dolichos filosa, 195, 196 
Dolichus catjana, 195 
DoliocystidcB, 471 
Doliophis, 246, 251 
Donedia suffnitescens, 124 
Donovan's Bodies, 2193 
Dorcalamus, 823 

Dosage of Drugs for Young Children. 
i960 

Dothidiales, 985 
Dothienenterite, 1363, 1364 
Double Autositic Monsters, 1958 
Continued Fever, 1463 
References, 1473 
Quartan Fever, ii 
Parasitic Monsters, 1959 
Douen^a, 1283 
Dourine, 19, 391, 411-12 
Dous-el-Kourmati, 2165 
Dracontiasis (Guinea-worm), 9-10, 
II, 12, 17, 25. 623, 632, 
651,652.739,1298, 1524, 

1967, 1968, 1990, 225^ 
Dmcunculidcs, 623, 624, 661 
Dracunculosis, 1968 
Dracunculus, ii, 12, 623, 632, 651 
Extraction, 9, 10, 17, 651 
References, 682 
Species 
loa, 645 

ntedinensis, 9, 623, 632, 651, 739 
896, 1968, 1970 
oculi, 645 
persarutn, 651 
veterum, 651 
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Dra^onneau, 651 

Drainage and Malaria-control, 11.38 
Dravidians, 46, 47, 49 
Dietary of, 96 
Drepanidium, 478, 488 
ranarum, 488 

Drepanidoicenia, 609, 610 -ii 
lanceolata, 601, 611 
References, 619 
Drilus, 2208 

Dromedaries, Mbori of, 410, 417, 816 
Trypanosomes of, 416 
Dropsy, Acute Anaemic. 1690 
in Beri-beri, 1687 
Cardiac, 1904 

Differential Diagnosis, 1688 
Epidemic, 109, 1671, 1672, 1675, 
1688. 1690 

etiology, 1533, 1691 
Climatology, 1691 
Definition, 1690 
Diagnosis, 1692 

Differential, 1O88, 1692 
History, 1690-1 
Insect Spreaders, 1691 
Morbid Anatomy, 1691 
Prognosis, 1692 
Prophylaxis, 1692 
References, 1694 
Sequelae, 1692 
Symptomatology, 1691 
Synonym, 1690 
Treatment, 1692 
General, 122, 1895, ^^^4 
Sleeping, 1260 

Drosophila anipelophila, 903, 90^, 

1370 

confusa, 367 
fenestrarum, 900 
funebris, 1630 
melanogastra, 900, 1630 
DrosophilidcB, 901, 902, 903, 1630 
Drugs, Diseases and Rashes, etc., 
due to, 1513, 1516, 1517, 
1522, see also Quinine 
Haemoglobinuria, 1214 
Dosage of, for Young Children, i960 
Popular, not to be neglected, 4 
Producing Haemoglobinuria, 1213 
Dryophis prasinus, 245 
Duba, 1801 

Dubini’s Filariasis, 1761, 1967, I 97 i> 

1974 

References, 1980 
Du Bois’s Trichos porosis, 2105 
Duboisia hopwoodi, 176-7 
Duckweed-growing, Larvicidal, 1209 
Ductless Glands, Diseases of, 1919 
References, 1925 

Subtertian Malaria attacking, 1175, 

1180 


146 
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Dap as (Framboesial nodules), 1550 
Dumb Rabies. 151 

Dumbness and Deafness in the 
Tropics, 2013 
Dum-Dum Fever, 20, 1289 
Dung in relation to Puerperal Fever, 

1952 

Duplicidentata, 914 
Dura, 99, 105 

Dutch East Indies, Fish-Poisons, 18S 
Vegetal Poisons, 164, 167 
Duttonella, ^01, 408 , 412-13 

Human Trypanosomes included in, 
'419 

Species 

capvcB, 409, 412 
lanfranchii, 431 
pecorum, 409, 413 
simicB, 409, 413 

Trypanosomes probably included 
under, 413 
uniformis, 409, 413 
vivax, 402, 409, 412 , .130, 1280, 
1281 

var. maefiensis, 419 
Dutton’s Disease (African Tick Fever), 
19, 691, 694, 700, 706, 1261 , 1318 
Dwarfism, 123 
Dyaks. 55 

Arrow-Poison of, 184 
Dysenteric Colitis, 538, 1836 

Diarrhoea, 569, 1824, 1848, 1851, 

1752 

Infantile, 1848, 1851 
Treatment, 1857-8 
Enteritis, 1069 
Pseudo-cholera, 1820-1 
Dyse uteri c-like attacks and I^ellugra, 

1731 

Dysenteric a Amibes, 1825 
Amibiennc, 1825 
Bacillaire, 1841 
Dysenteries, 25, 1501, 1824 
References , 1862-3 
Arthropodic, 1825, 1841 
References, 1863 
Bacterial, 1825, 1841 
Caused by Animal Parasites, 1825 
Choleraic, 1848, 1858 
Chronic, 1848, 1850 
Entamoebic, 1S25 
Entoplasmic, 1825, 1840 
Laveranic, 1825, 1836 
Leishmanic, 1825, 1837 
References, 1863 
Loeschial, 287, 1825 
Nemathelminthic, 1825, 1840 
Platyhelminthic, 1825, 1840 
Protozoal, 1825 
Schistosomic, 1867-8 
Spirochaetal, 451, 1825, 1838 


Dysenter aides, 934 » 935 > ^38 
metadysentevicus, 935, 938, 
var. A, B, C, D, 938 
Dysentery, 7, 12, 25. 1069. I 593 > 
1663, 1687, 1858-9 
Climatology, 120 sqq. 
Complications, 2006 
Diagnosis, 1852 sqq. 

Insect Vectors, 23, 747 
Parasites found in, 538, 547 
Symptomatology, 189 
Synonyms, 1824 
Term, and use of, 1824 
Acarine, 729 

Amoebic {see also Amoebiasis), 877 , 
1825 

Bacillary, 1782, 1825, 1841 , 1843 
^Etiology, 22, 18^13-5 
Carriers, 1S44, 1845, 1859 
Climatology, 1842-3 
Complications, 1851-2 
Definition, 1831 
Diagnosis, 1852-4 
Diflerential, 1852-3 
History, 1841 
Infection, 1844-5 
Morbid Anatomy, 1846-8 
Pathology, 1845-6 
Prognosis, 1854 
Prophylaxis, 1859 
References, 1863 
Sequela', 1852 
Seven types of, 1848 
Symptomatology, 1848 sqq. 
Treatment of 
Carriers, 1859 
Mild Cases, 1S52-3 
Severe Cases, 1855-7 
Serological, ib. 

Vaccination and Vaccines, 
18G0-1 

Gangrenous, 1848, 1849 
Balaiilidic, 1825, 1837 , 1853 
Chronic, 325, 356, 1848, 1858 , 

'1788, 1903 
Ciliar, 1825, 1837 
Ivcfcrenccs, 1863 
Entoplasmic, 1840 
I'lageJIate 

Animal Carriers, 877 
Table, 878 

Gangrenous, 1830, 1831, 1835, 

] 1848, 1849 

; Inf anti ](\ 1960 

I Spirocha;lic, 1825, 1838 
I Dysidroses, 2015, 2017, 2222 , 2224 
: References, 2245-6 

I Dysidrosis, 2226 

Exfoliativa, 2222, 2227 
Reference, 2246 
Dysodius lunatus, 770 
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Dyspareunia, 129 
Dyspepsia, 1749 

Acid, Vomit of, 1025 
Dys^phagie Tropicaie, 1750 
Dystrophies, 2015, 2017, 2222,2227 
References, 2245-6 
Dyticus marginalis, 1641 

Ear, Aspergillosis of, 1028. 1029, 1031 
Lipomata of, 2010, 2247, 2252 
Mycosis of, 974 
Myiases of, 1622, 1626, 2011 
Ear- Affections due to 
Quinine, 1181, 2013 
Subtertian Malaria, 1181 
Ear-Complications of Tropical 
Diseases, 2013 

Ear-Diseases, 1993. 2010, 2013 
References, 2014 

Ear- Lobule, Affections of, 2010-11 
Nodules, Symmetrical, 2247, 2252 
References, 2263 
Ear-Tick of Cattle and Man, 708 
Earth-Eating, 1749, 17G1 
Reference, 1751 

East African Relapsing Fevt^, 1318, 

1322 

East Coast Fever of Cattle, 498 
Eastern Epidemics, imported into 
Europe, 15th century, 

M-15 

Ebors papyrus, 1761 
EberfhecB, 933, 934 

Eberthus, 933, 934, 935, 936, 1362, 1405 
kandiensis, 936 
pyiztnitzi, 936 
talavensis, 936 
typhosus, 933, 935, 936, 940 
Ebony, Dermatitis-causing, 2iH>o 
Echidin, 254 
Echidna, 2.) 2 
Echidnine, 243 
Echidnophaga, 861, 806 
gallinacea, 866, 867 
lispus, 866 
murina, 866 
myrinecobis, 866 
rhynchopsylla, 867 
Echinococcal Invasion of Eye, 2007 
Echinococci fer echinococcus, 616 
Echinococcosis, 1967 
Echinococcus, 205, 601, 603, 616, 890 
References, 620 
Species 
cysticus 
fertilis, 617 
sterilis, 617 

granulosus, 601, 616, 1967 
hydatidosue 

var. exogenus, 617 
var. endogenus, 617 


Echinococcus, continued 
Species, continued 
muliilocularis, .601, 616, 617 
osteoklasUr , 617 
Echinodev'nata, poisonous, 205 
References, 228 
EchinophthividcB , 753 
Echinophihirius, 759 
EchinophthiriudcB, 759 
E chin or hync hides, 680, 737 
Echinorhynchus, 680, 737, 1642 
eroiali, 738 
gigas, 287 
hominis, 680 
moniliformis, 680 
Echinosioma, 581, 582 
ilocaniini, 582, 1752 
Rcfercries, 594 
uialayanum, 581, 583, 1752 
revoluimn, 582 
Echin'^sionics, 559 
Echinostomida; , 504, 582 
Echinosiomince , 581 
Echis, 242, 250 

Venom of, 263, 268, 269, 272, 
273. 274 

carinata, 250, 251, 268, 269, 272, 

273 

Echitoxin, 254 
Echokinesia, 1983 
Echolalia, 1983, 1986 
Echolics, Supposed, 170 
ICchomatism, 1983 
Echuja Arrow-poison, 183 
Echiijin, 183 

Eothyma, 2022, 2035. 2265 
Gangrasnosum, 2035 
Tropical, 929, 2034 
Ecto-endothrix , 2053, 2054, 2057 
Ecto-parasites, 28'G 
Ectoplasm, 290 

Ectoirichophyton, 988, 989, 1002 j 

1004, 1006, 2056 
album, 1003, 1004 
denticulaium, 1004, 1005, 1006 
discoides, 1003, 1004, 2050 
equinum, 1007 
favinulentum , 1004, 1005 
felineum, 1004, 1005, 1006 
granulosuni, 1004, 1005, 1006 
lacHcolor, 1004, 1005, 1006 
luxurians, 1003, 1004 
megnini, 1007 
nodoformans, 1007 
ochraceum, 1003., 1004 
persicolor, 1004, 1005 
radiolaium, 1004, 100-5, 1006 
verrucosum, 1003 
vinosum, 1607 
Ectothrix, 2054 
Ectromelus, 1958 
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Ectropion, 1997. 2000, 2006 
Ecuador, Circhona-bark first used in, 4 
Diseases of, 124, 

Helminths of, 124 

Eczema, 123, 1701, 2029 , 2030, 2046, 
2225, 2227. 2204. 2270 
Chronic, of Lunatics, 1729 
Marginatum, 2042, 2043 
Papular, 2252 
Primary, Scrotal, 2047 
Verrucosum, 2270 
Edentata, 406 
Edyuo, 1698 
Eels, 400 
Efa, 250 

Egg-eating Snakes, 245, 246 
Eggshell Nails, 2283 
E^ypt, Life Assurance in, 132-3 
Egyptian Chlorosis, 1761 
Dietaries, 98-9, 100-3, 105 
Medicine 

Alexandrian, ii 
Early, 8-9, 15, 17, 1619 
Races, 47 

Relapsing Fever, 447 
Eichhdrnchen-Bisskrankhcit, 1361 
Eidamella, 986. 987 
spinosa, 987 
Eimeria, 473, 474 , 475 
oxyspora, 475, 476 
stiedcB, 474 , 475, 476, 477, 1909 
wenyoni, 475 
Eimeridea, 471, 477 
Eimeriella, 473 
nova, 473 
Eimerioinea, 469 
Eirmocystis, 471 
Ekiri, 1851 
ElachisiodontincB , 246 
Eleedendron glaucum, 190 
Elapechis, 246 
guentheri, 251 
ElaphomaycetcecB, 986 
Elapinof, 246-51 

Australian, Venom of, 267 
Elapognathus , 246 
minor, 251 
Elaps, 246, 251 
corallinus, 248 
fulvius, 267 

Eiasmobranchii, 232, 2^0 

Elastorrhexis, 2273 

Electric Fans, Traumatisms caused 

by, 156 

Electrical Conditions, 82 
Electricity, Atmospheric, Effects of, 
146 

Reference, 146 
Elementary Bodies, 539 
Elephant Foot, 21 ii, 2116 
Leg, 1610 


Elephant-Poisoning (India), 189 
Elephantiasis, 1595 , 1599, ifioo. 

1610 , 1961, 1966, 2116, 
2195, 2220 
^Etiology, 552, 639 
Climatology, 123, 124, 1597-8 
Definition, 1610 
Differential Diagnosis, 1090 
History, 1595 
and Life Assurance, 132 
Prodromal Filarial Erysipelatoid 
Attacks, 2260 
Synonyms, 1610 
of Various Regions 
Arm, 1611, 1617 
Breast, 1611, 1617 
Foot, 21 1 1 

Generative Organs, I 939 I 943 
Leg. 1595. i597» 

Scalp, 1617 

Scrotum, 1597, 1610, i6ii, 1615 
Treatment, 1616-17 
• Vulva, 1611, 1617 
Arabum, 1610 
Circumscribed, 1617 
Graecorum (see also Leprosy), 1112, 
1644 

Indica, 1610 
Italica, 1700 

Tuberosa et Scrotalis, 1610 
Elephantoid Fevei, 639, 1604 
Fibrosis, 2262 

Elephants, Traumatisms caused by, 
153 

Elisha’s Treatment of Heat Stroke, 138 
Elleipsisoma, 360, 488, 491, 502 
ihomsoni, 502 
Ellipoptera, 752 
El Ta kasha, 819 
EmhadomonadincB , 345 
Emhadomonas, 333, 345, 343 
References, 357 
Species 
agilis, 346 
alexeieffi, 346 
intestinalis, 347 
Emdya vittati, 487 
Emericella, 1024 
Emerods, 10 
Emetine, 28-9, 1834-6 
Emmenagogues, Reputed, 170 
Emotion, 1981 

Emotional Excitement, 1991 
Emphysema, 1875 
EmpidcB, 774, 824 , 901 
Empusa musca, 908 
Empyema, 1949, 1961 
Enantiolhamnacece , 1070, 1096 
iilnantiothamnosis, 2041 2106 , 
Enantiothamnus, 1096 , 2041 
braulii, 1096 , 2041, 2106 
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Hficapsulatea, 933, 934 
Encapsulatus, 933, 934 
acidilaciici, 934 
lactisaerogenes, 934 
pneumonicB, 933, 984 
Encephalitis lethargica, 1268 
Enchylema, 290 
Encrum Van dee, 1801 
Encystment of Protozoa, 291 
Endamceba, 301 

Endarteritis type of Subtcrtian 
Malaria, 1179 
Endemic Boil Disease, 2165 
Cretinism, 1920, 1922 , 1959 
Degeneration of the Bones of the 
Foot, 2110 
Diarrhoea, 1780 

Enlargement of Os Calcis, 1524, 
1967. 1979 
References, 1980 
Fever, 1362 

Funiculitis, 1522, 1938. 1939 
References, 1955 
Glandular Fever, 1465 
Goitre, 1920 , 1959 
References, 1925 
Flaematuria, 1926 
Haemoptysis, 15S4, 1885, 1889 
Hyperplasias, 1920 
Infections and Invaliding, 130 
Malaria, Region of. Investigation 
of, 1141 

Neuritis 

Multiplex, 1671 
Peripheral, 1981, 1989 
Paralytic Vertigo, 1981, 1982 
Peripheral Neuritis, 1891, 1989 
Polyneuritis, 1671 
Tetany, 1922 
Thyromegaly, 1920 
Endemicity of Disease, 114 
Endemische Beulenkrankheit, 2105 
Endemischer Magenkatarrh, 12,54 
Endocarditis, 1904 
Infective, 1521, 1528 
Ulcerative, 1395, 1397 
Endoconidia, 969 
Endocyma, 1959 

Endodermophyton, 989, 1016 , 2059, 
"2061, 2065 

Dermatomycoses due to, 2040 

References, 1033 

Species 

castellanii, 1017, 1022,2040, 2072 
concentricum, 1023 
indicum, 1017, 1020, 2040, 2065, 
2069 

mansoni, 1023 

iropicale, 1017, 1018, 1021, 2065, 
2069 

Endodermophytosis, 2060 


Endolimax, 322 

Endomyces, 988 , 1070, 1742, 1743 
albicans, 984, 1085 
blanchardi, 1091 . 
bronckialis, 1087 
burgessi, 1090 
entericus, 1088 
fcBcalis, 1089 
guillermondi, 1088 
insoliius, 1089 
intestinalis, 1089 
fiYusei, 1088 
niiidus, 1088 
niveus, 1088 
paratropicalic, 1087 
pinoyi, 1088 
pseudo-tropicalis, 1087 
rhoi, 1089 
tropicalis, xo8G 
vuiUemini, 984 , 1086, 1743 
zeylanica, 1088 
Endon.ycetacecB, 978, 983 
1 Endoparasites, 286 
Endoplasm. 290 
Endospores, 969 
Endotheliomata, Cerebral, 1981 
Efidothrix, 999- 1001, 2054. 2057 
Endotrypanum, 380, 381, 401, 402, 
403, 406 
schaudinni, 405 
Endfizome, 290 

Energy, Warning on, of Candidates 
for the Tropics, 128 
English House-Flies, 900 
Enhydris, 249, 251 
curtus, 251 
valakadien, 249, 251 

Venom of, 253, 264, 268, 271, 272 
En Nabt, 2118 
Enno, 2260 
Enoplid(^, 623 
Entala^ao, 1750 
Reference, 1951 

Entamoeba {see also Amoeba, and 
Loeschia). 298, 300, 301 
africana, 310 » 

blatia, 300, 301, 306, 877 
buccalis, 317 
hiitschlii, 320 
coli, 303 

histolytica, 18, 320, 1932 
minuta, 311, 319, 320 
minutissima, 320 
mortinatalium, 320 
muris, 303 
nana, 320, 323 
nipponica, 303, 319 
ovis, 320 

phagocytoides, 319 
tenuis, 320 

teiragena, 310, 311, 312, 315. ^932 
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Entamoeba, continned 
tropicalis, 303 
undulans, 319 
williamsi, 303 
Entamoebiasis, 287, 1825 
Entamoebic Dysentery, 1825 
Enteric (Typhoid) Fever, 1075, 1184, 
1187, 1249, 1326, 1362 , 

1437. 1577 

.Etiology, 22, 1362, 1363, 1366 
Atypical, 1378 
Diagnosis, 1388 

BloodConditionsin, 1381,1384,1385 
Carriers, Human, 1365, 1367 sqq., 
1400, 1403 

Causal Organisms, 22, passim 

Climatology, 120, 122, 123. 124, 
.13^.. 13^5 

Complications in, and by, 1377, 
1381, 1388, 1717, 1727-8 

1733. 1741 

Course, 1380 sqq. 

Definition, 1362, 1363, 1395 
Diagnosis, 1388, 1517, 1528 
Bacteriological, 1389 
Differential, 1250, 1257, 1296-7, 
1303, 1312, 1313, 1347, 
1395 , 1429,* 1485, 1731, 
1914, 2203 

in inoculated Persons, 1393 
in Mixed Infections, 1388, i^S9l, 

1397-^ 

Diagnostic Methods, 1389 sqq. 

Diet during, 1400 
Epidemicity, 1371 
Hajmorrhagc in, 1384, 1386, 1399 
Treatment, 1401 

Herpes Facialis Yebrilisrarein, 2269 
History, 13 63 -6 
Hygiene during, 1399 
Immunity, 1372, 1375 
Incidence 
Age, 1373 
Class, 1373 
Season, 1371 
, Sex, 1373 

Incubation, 1374, ^379 
Infection, 1369 

Insects spreading (flies), 22, 24. 899, 
90^1, 905,908, 1369, 1370 
Jaundice rare in, 1519 
Mixed Infections, 1388,1394, 1397-8 
Morbid Anatomy, 1375 sqq. 
Nomenclature, 1363, 1364 
Nursing, importance of, 1399-1400 
Onset, 1379 

Atypical, 1379-80 
Parasites present in, 549, 1741 
Pathology, 1374-5 
Perforation in, 1385, 1386, 1399, 
1401 


Enteric, contintied 

Predisposing Causes, 1372-4 
Prognosis, 1398 
Prophylaxis, 29, 114 

Carrier-Control and Treatment, 
1400, 1403 
Hygiene, 1403 
Immunization, 114, 128 
Vaccination, 128, 1403-4, 1407 
Rash in, 1381, 1382, 1385, 1517. 
1528 

References, 1 41 3-14 
Relapse after, 1388 
Sequelae, 1377 . 13 88, 1402, 1403, 
1907 

Spread by 

Defective Sanitation, 1371, 

1373-4 

Drinking-Water, 1364 

Food - Pollution, 1369, 1370, 

1371. 1373 

Human Carriers, 1365, 1367 sqq., 
1400, 1403 

Insects, 22, 24, 896, 899, 904, 
905, 908, 1369. 1370 
Meteorological Conditions, 1374 
Shell and other Fish, 1371 
Symptomatology, 1378 sqq. 

Special Symptoms, 1401 
Synonyms, 1362-3 
Treatment during 
Attack, 1399 

Simple Case, 13 99- 1401 
Special Symptoms, 1309, 
1401-2 

Convalescence, 1399, 1402-3 
Acute Carrier, 1403 
Sequelae, 1403 
Simple Case, 1402-3 
Medical, 1 400-1 

Vjiccines for, 23, 1365, 1401, 1403 
sqq,^ 

References, 1414-15 
Varieties, 1387-S 
Enteric Fevers, 1362 
Enteric Jaundice, 1507-8, 1509-10 
Enterica, 1362 
Entente Septic ^mique, 1363 
Enteritis, 1060, 1076, 1095 
Causal organisms, 1405 
Amad)ic, 1825 
Chronic, 1663 
Dysenteric, 1069 
Enterocolitis, 548, 659 
Enteroidc Fevers, 1362 
Enteroidea Group of Tropical Fevers, 
1362 , 1461, 1468, 1474, 
1718, see also Enteric, 
and Paratyphoid 
TEtiology, 1128, 1362, 1366 
Classificfttion, 1362 
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Enteroidea, continued 
Diagnosis, 1388 , 1523, 1524. 1326, 
,1527. 1528, 1530 
1337, 1896 , 1505- 
Glandular Enlargement in, 1523 
References, 1 41 3-15 
Symptoms, 1520 
Enteroides, 935, 941, 1406, 1412 
entericus, 935, 9.1.1 
khartoumensis, g^ji 
paraentericus , 941 
vekanda, 941 

Entero-Dysentcry, 1848, 1850 
Enteromonas, 345, 346 
hominis, 346, 1796 
Refere»if'es, 357 
Entomology, History, 23 

Insect Carriers in ' relation to 


Epideinifity, 117 
Enioplasma, 1840 
castellanii, 338 

Entoplasmic iiysontery, 1825, 1840 
Entozoa, 286, 553 
References, 593 
Entropion, 2000 

Environment, Adaptation to, 113 
Enyaliopsis durandi, 871 
peter si, 871 
Eosinophilia, 1900 
Epatite Suppurativa, 1910 
Epectinaia, (^90 
Epeira diadema, 212, 213, 215 
EpeiridcB, 212 
Ephidrosis Sudatoria, 2222 
Epicauta, 226 
flavicornis, 226 
sapphirina, 226, 2205 
iomeniosa, 226, 2205 
Epidemic Ccrcbro-spinal Meningitis, 


1474 

Diarrhoea, Inhinlilc, T847 
Dropsy, 1690, sre also under 
Dropsy 

Gangrenous Kectitis, 25, 125, 1871 
References, 1872 
Jaundice, 1305 
Spirochadal, 918 
Remittent Fever, 1139, 130^ 
Summer Diarrhoea, 899, 1788, 1847 
Varioloid Varicella, 1491 
Epidemicity of Disease, 117 
Epidemics, Spread of, 14, 15 
Epidemiology, Modern, start of, 15 
Epidemische Genickstarre, 1474 
Epidermolysis bullosa, 2269 
Epidermophyton, 989, 1014, 2043, 
2059, 2077 

Dermatomycoses due to, 2040 

References, 1033 

Species 

castellanii, 2072 


Epidermophytony continued 
Species, continued 
cruris, 1014, 1016, 1023, 2025, 
2036, 2037, 2040, 2042, 
2045, 2080 
gallinx, 1014 
indicum, 2072 
inpiiinalis, 1015 
perneii, 1015, 1016, 2040, 20^3 
rubrum, 1015, 1016, 2040, 2043, 
2048, 2049 
simii, 1013, T023 
P2pididyrnitis, 1587, 1939 
Epilepsy, 124 

associated with Paragonimiasis, 

1587 

Dillorential Diagnosis from Heat 
Stioke, 1456 
Jacksoniai., 1392, 1393 
iLpilcptic Insanity, 1981 
Epimys, 913 

alex'^ndrinus, 916 
noYvegicus, 910, 915, 916, 1420 sqq. 
Fleas of, 867, 869-870 
and Rat-bite Fever, 1356 
ratius, 910, 912, 915, 1420 sqq. 

Fleas (d’, 867, 869, 870 
rufescens, 916, 1420 
Epiphora, 1997, 2006, 2008 
Epiphytic Skin Diseases, 2060 
Leucoderma in, 2228 
Epithelial Cells in relation to Melan- 
osis, 87 
Moles, 2274 
Tumours, 2274 
Benign, 2274 
Malignant, 2277 
Xerosis of the Eye, 2002 
Epithelioma, 2083, 2195, 2196 
Contagiosum, 341 
Facial (rare), 2273 
of Penis, 1939 

Epitheliosis desqnamativa, 539, 199 ^> 

2001 

Samoan, 341 
Epizoa, 286 
EproboscidcB, 854 
Epsom Salts, 170 
Elpuvi, 222 
Equatorial Belt, 63-4 
Equine Diseases 

Lymphangitis, 1072 
Nagana, 41 1 
Piroplasmosis, 300 
GxoVi^ oi Streptococci, 928 
Parasites 

Spirochaete, 434 

Trypanosomes, 413, 415, 416, 417 
Eremascus, 983 
EremospermecB, 1071 
Erephopsis, 822, 823 
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EreihizontidcB, 914 
Ergot, 198 

Ergotism, 195, 198, 1688, 171S 
Engeron canadense, 2152 
Eriophyidce, 692 
Eristalis arbustorum, 1630 
dimidiatus, 1630 
tenax, 1630 

Errors of Refraction, 1995 
Eruptions, Bullous, 2264, 2269 
Diagnosis, 1513, 1618 
Cutaneous, Diagnosis of, 1513 
Diagnosis by, 1529 
Erythematous, 1513 
Faviform 1030 
Occasionally associated with Sub- 
tertian Malaria, 1181 

Purpuric in 

Kala-Azar, 2267 
Malaria, 2267 

Pustular, 1513, 1618 , 1529 
Urticarial, 1513. 1516 
Vesicular, Diagnosis of, 1513, 1517 
Erysipelas, 25, 929, 1514, 1518, 1701 
Non-Contagious, 2158 
Streptococcal, 2266 
Efysipelaios group of Streptococci, 
928, 929 

Erythema annulatum, 2266 
Dermal, 84-5 
Gyratum, 2266 
Induratum, of Bazin, 2277 
Intertrigo, 2266 
Morbilliforme, 2266 
Multiforme, 2250, 2266 
Nodosum, 2266 

Palmar, Symmetrical, 2222, 2244 
References, 2246 
Pellagrous, 88 
Pernio, 2264 

Scarlatini forme, i486, 2266 
Diagnosis, 1513 
Solare, 1730, 2231, 2266 
Erythemata, the, 2264, 2266 
Malarial, 1181 
Erythematous Eruptions 
Diagnosis of, 1513 
Generalized, 1 51 3-14 
Localized, 1 51 4-1 5 
Erythrasma, 2041, 2046, 2080 
Erythrism, 123 
Erythrocyte, the, 1895 
Blood-Puzzles of, in 
Fresh Blood, 1901 
Stained Blood, 1902 
Erythrolampus cesculapii, 245 
Erythromelalgia, 201 
Tropica, 1981, 1990 
Type of Subtertian Malaria, 1179 
Erythrophloeum guineense, 183 
judictale, 179, 183 
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Erythrophlcem, 183 
Eryx conicus, 487 
Escamadura del Higado, 1700 
EschatocephalidcB , 710 
Eschatocephalust 710, 71 1 , 720, 

722 

vespertilionis, 722 
Escherichia, 935, 941 , 1362, 1406 
cavicida, 942 
coli, 935. 94 L 942 
mutabilis, 942, 943 
coliformis, 942 
cohtropicalis, 942 
coloidella, 942 
coloides, 962 
grunthali, 942 
metacoli, 942 
metacoloides, 942 
neapolitanus, 942 
oxytocus, 942 
paragrunthali, 942 
pseudocoli, 942 
pseudocoloidella, 942 
pseudocoloides, 942 
pseudocoscoroba, 941, 942 
vesiculosus, 942 
Escorpion, 278 
Eskimo, the, 56 
Esola, 2241 
Espinlas, 25 

Esplenomegalia, Tropical, 1303 
Espundia (Muco-Cutaneous Leish- 
maniasis), 380, 1741, 

2165, 2176 
References, 2199 
Treatment, 28, 1290, 2196 
Essenes, the, 10 
Esthiomdne de la Vulve, 2192 
Etheogenesis, 295 

Ethiopic Division of Man, 42, 47, 
49 , 61-3 

Ethnological Action, 42 
Euarthropoda, 689 
Euascomycetes, 978, 986 
Eubacteriales, 924 

Eucalyptus Oil and Chloroform 
in Ankylostomiasis, 
1769-70 

Euflagellata, 332 
Eugenics, 117, 118 , 122, 1938 
Euglenoidina, 332 
Eugregar inaria, 471 
EuhcBmaiopimncB , 759 
Euhcematopinus, 759 
abnormis, 759 
Eulyes, 767 
Eumonodontus , 672 
Eumycetes, 923, 971 , 1025 
Eumyidea, 825, 981 
Euparyphium, 583 
malayanum, 688 , 1752 
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Euphorbia, Poisonous Species 
arbor escens, 184 
candelabrum, 183 
cereiformis, 184 
coroilata, 2153 
hepta^ona, 184 
piluh^era, 366-7, 2157 
resintjer, 2157 
tirucalli, 187, 190 
virosa, 184 

Euphofbiacece , 163, 164. 166, i68, 
172. 173. 174. 181. 183, 

184, 187, 190, 1698, 

2153.2154 
Eupopida, 2214 
Eupopoidea, 692, 724. 728 
Eurachnida, 690 
Eurasians and Eugenics, 119-20 
Europeans in the Tropics, Life of, 
in relation to Enteric, 
1373 

Eurhipicephalus. 710, 711 
appendiculatus, 700, 712 
bursa, 700. 712 
evertsi, 700, 714 
pulchellus, 713 

sanguineus, 485, 700, 712, 713 
simus, yoo, 713 
Varieties 
erlangeri, 713 
hilgerti, 713 
shipleyi, 713 

Species spreading Piroplasma, 700 
European Maduromycoses 
Black, 2120 
White, 2120, 2122 
Myiases 

Dermal, 1633, 1639 
Rhinal, 1623. 1626 
Relapsing Fever, 436, 443, 445, 
918, 1308 
References, 1324 
Eurotiopsis,' 1024 
Eurotium flavum, 1028 
malignum, 1028 
nigrum, 1030 
repens, 1029 

Euscorpius europceus, 207 
Venom of, 206 
Eusiemulium, 812 
Euspora, 471 

Eustrongylidce, 623, 624, 67 ^* 
Eustrongylus gigas, 675 
visceralis, 675 
Eutamias, 914 
Eutheria, 913 
Euthyneura, 890, 892 
EutrichomasHx, 351 
Evaporation, 68, 69-70 

Cutaneous and Heat-Stroke, 146 
Evil Eye, the, 3 
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Evolution in relation to Disease, 112 , 

^ 394 

Examination of Candidates for 
Service in the Tropics, 
127 s^q. 

Examiner oi Candidates for Tropical 
Service 
Duties of, 128 sqq. 

Warnings which should be given 
by, 127-8 

Exanthemata, the, 1485 sqq., 2264, 

2267 

Exanthematischer Typhus, 1326 
Exanthesis Athrosia, 1244 
Exencephalus, 1958 
Exccecaria agallocha, 190 
Excresis Spontanea, 2241 
Exhaustion, 1981 
Exophthalmic Goitre, 1920 
Exospotes, 969 
Exostosis, 2012 

Expecta'ion of Life in Tropical 
! Natives, 133 

j External Auditory Meatus 
I Animal Parasites in, 2011 

I Diseases of, 2010, 2011, 2012 

Foreign Bodies in, 2011 
Hypersecretion in, 2012 
Myiases, 1623, 1631 
Extremities, Symmetrical Kerato- 
dermia of, 2259 

Eye-Complications of Tropical Dis- 
! eases, 1654, 1660, 2004 , 

Eye-Defects, Congenital, 1995 
Eye-Diseases and Affections (see also 
under Names), 122, 
124, 1727, 1993 , 1997. 
2001, 2002, 2005 
References, 2014 
Proper, 1994 

Eye(s), Animal Parasites in, 2007 
Foreign Bodies in, 1995, 1997 
Gonococcal Infections of, 1997 
Haemorrhage of, 200 
Lesions of, in Leprosy, 1654 » 

1662 , 2006 

Non- Development of, 1959 
Protection of, 89-90 

Xanothophylline Glasses for, 
1996 

Sunlight as affecting, 2004 
Xerosis of 

Conjunctival, 200 
Epithelial, 2002 

Eye-Fly of Ceylon, 899, 902, 1996 
! Eye-Hospitals, 1993-4 
! Eyelids, Fungal affections of, 

; 2009 

I CEdema of, 1994 
! Sporotrichosis of, 2010 
1 Eyumbi, 2159 
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FABISMUS, 201 
References, 202 

Face, Adenoma sebaceum of, 2277 
Epithelioma of, 2273 
Myiasis of, 1625 
Myomata of, 2273 
Facial Pallor, 1903 
Facies in Liver Abscess, 1912 
Faddidite, 2241 
Faecal Carcoma, 1739 
Coccidiosis, 475 

FcBcalis Group of Streptococci, 928, 

930 

Faeces, Human, Spiroschaudinnia in, 
453 

Fagara flava, 2159 
Fagopyrismus, 202 
Fall Fever, 1362 
Famine Diarrhoea, 1780, 1798 
Fanapepea, 349 
intestinalis, 350 
Fannia, 307, 852 , 877, 1620 
References, 856 
Species 

canicularis, 852 , 900, 904, 9^\5. 

1627, 1628, 1629 
desjardensii, 853, 1629 
incisurata, 854, 1627, 1629 
manicuta, 85^, 1629 
saltatrix, 854, 1629 
scalaris, 854, 900, 905, 1627, 
1628 

Fanti Race, 51 
Fasciola, 565 
angusta, 567 
gigantea, 567 
gigantica, 567 
References, 594 

hepaiica, 565 , 876, 894, 1746, 1752, 
1907 

References, 594 
humana, 565 
lanceolata, 580 
Fascioletta, 582 
ilocanum, 582 
Fasciolidcs, 564 
FasciolincB, 564, 565 
Fascioloidea, 561. 564 
F asciolopsincB , 564, 568 
Fasciolopsis, 568 

buski, 568 , 894, 1742, 1840, 1907 
References, 594 
fulleborni, 569 , 1752 
Reference, 594 
goddardi, 569, 570 
Kwan's Fluke, 568, 569 
rathouisi{}) , 568, 1752, 1907 
Fat Content of Food, Estimation 
of, lOI 

Fats in Diet, 96, 97, 103 
Faunus, 891 


Fa vie Tarsus, loii, 1012 
Faviform Eruption, 1030 
Favism, 201, 1213 
Favotrichophyton, 1002, 1008 
Favus, 1004, 2057 , 2268 

Causal agent, 1012, 1014, 1063, 
1067, 1078, 2009, 2053, 
2158 

Tarsi, ion, 1012 
Yellow Bodies, 1012 
Febbrc Amarilla, 1229 
Climatica, 1254 
Emoglobimirica, 1216 
Estiva, 1254 
Gastrica, 1254 
Gialla, 1229 
Intermittente, 1129 
Maltese, 1437 
Mediterranea, 1437 
Palustre, 1129 
Remittente Bilioso, 1229 
Ricurrente, 1308 
dei Tre Giorni, 1254 
Tifoide, 1363 
F ebbri d ’ Ari a , 1129 
Malariche, 1129 
di Stagione, 1129 

Febre Amarelle dos Acclimatados, 
1229 

Febricula, 1249, 1254, 1372 
Febrile Gastro-Enteritis, Haemorrha- 
gic, of Children, 1472 
Splenic Anaemia, 1299 
Infantile, 20 

Splenomegaly, 1525, 1529, 1531 
Toxoplasmatic, 1531 
Tropical, 1303 
Urticaria, 1516 
Helminthic, 1516 
Febris Acuta Stomachica, 1363 
Castrensis Gravis, 1467 
Columbensis, 1410 
Endemica cum Roseola, 1244 
Flava, 1229 
Gastrica, 1363 
Helica, 1363 
Intestinalis, 1363 
Lenta, 1363 

Mesenterica Maligna, 13O3 
Mucosa, 1363 
Non-Pestilens, 1363 
Palustris Remittens, 1468 
Pituitosa, 1363 

in Puerperio, 1948, 1949 / 195 ^/ 

1953 

Puerperalis,i948, 1949, 1953 
Putrida, 1363 
Quintana, 1501 
Recurrens, 1308 

Semitertianae seu Composita, 1363 
Sudoralis, 1437 
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Febrk, continued 
Undulans, 1437 
Verminosa, 1363 
Volhynica, 1501 
Feet, Foot 

Angiokeratoma of, 2148, 2277 
Bones of, Degeneration, Endemic, 
of, 2110 
Coolie Itch of, 2214 
Dermatitis of. in Ankylostomiasis, 
1764 

Elephant, 2111, 2116 
Fourmilidre dcs Vers in, 2111, 2116 
Madura Foot, 2110 
Necrosis of, 156 
Mossy-Foot, 2247, 2254 
Reference, 2263 
Mycosis of, 1123 
Soles of. Lesions of 

Framboesial, 1551, 2259 
Keratodermal, 2259 
Syphilitic, 2259 
Sore, 355 

of Coolies, 1764 
Trench Foot, 1967, 2110, 2149 
Ulcers of, 1063, 1068, 2112 
Felid®, Traumatisms caused by, 148 
Feltinella, 791 

Female Circumcision, 1944, 1947 
Generative System, Diseases of, 
1938, 1944 
Fer-de-lance (snake), 250 
Fermentation, 22 
Gastric, 1749 

Ferrata's Plasmosomes, 1902 
Fertility, Effect on, of Tropical 
Climates, 77, 89 

Fever, 4 

Fever and Ague, 1604 
Fever (s) ascribed to Mosquito-bites 
in early India, 7 
Associated with Swelling of Nasal 
Mucosa, 1466 

Hippocrates’ knowledge of, 10 
References, 1472-3 
Acclimatizing, 1229 
Acute, Traumatisms in, 1512, 1513 
AUfEmic, Low, 1470 
of Ankylostomiasis, 553 
Autumn, 1129, 1362 
Bacterial, 1128, 1362 
Ban Bach, 1468 
of Batavia, 1129 
Bilious 

Malignant, 1216 
Remittent, see below 
Septic, 1469 
Black, 1341 
Blackwater, 1216 
Broken Wing, 1244 
Bungpagga, 1469 


Fever (s), continued 
Carried by 

Arthropods, 1128 
Mammals, 1128, 1211, 1856 
Mosquitoes, 1128, 1120 
Carrion’s 1575 
Cerebro -Spinal, 1456 ,1459 
Epidemic, 1474 
Cesspool, 1363 
Chronic, 1530 

Black Pigmentation in, 1519 
Climatic, 1129, 1252 
Coast, 1129 

in African Cattle, 712, 713 
Cobb's Pigmentary. 1461 
Continued, 1362, 1529, 1530 
Double, 1463 
References, 1473 
Korean, 1355 
Simple, 25, 1254, 1372 
Cosmopolitan, Unclassified, and of 
War Zone, 1128, 1474 
Dambul, 1129 
Dengue, 1244 
Dum-dum, 20, 1289 
Elephantoid, 639, 1604 
Endemic, 1362 
Enteric, 1362 
Fall, 1362 

Filarial, 1603 sqq. passin 
Five Days', 1501 
Flood, 1350 
Forrest's, 1462 
Framboesial, 1544, 1551 
Gaiter, 1501 
Gambia, 19, 1259 

Gaol, 1326 
Gastric, 1362 
Gibraltar, 1437 
Giraffe, 1244 
Glandular 

Endemic, 1465 
Pfeiffer's, 1522 
Goat, 1437 

Haemocystozoon, 1468-9 
Haemoglobinuric, 497 
Bilious, 1216 
Malarial, 1216 
Tropical, 1128 

Haemorrhagic Febrile Gastro- 
Enteritis of Children, 
1472 

Malarial, 1216 
Hay, Tropical, 1875 
Heat, Low, 1460, 1530 
Robb's, 1469 , 1530 

Helminthic, Intestinal, 1520 
Hyperpyrexial, 1462-3 
References, 1473 
in Sub^Tertian Malaria, 1170 
Icteric, 1317 
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Fever fe) , continued 
Im-Pyeng. 1253 
Inflammatory, 1229 
Intermittent 
Low, 1530 
Malarial, etc., 1129, 1137, 1349, 
1464-5, 1526, 1528. 1529 
Non-Malarial, 1530 
High, 1465 
Low, 1464 
Tick, 1344 
Intestinal, 1362 
Irregular Low, 1363 
Japanese River, 1350 
Jungle, 1129 
Kamerun, 1129 
Kurunegala, 1129 
Kyoto, 1467 
Lent, 1362 
Leprotic, 1516 , 1654 
of Less than Eight Days' Duration, 
Diagnosis of. 1512 
With some Striking Physical 
Sign, 1512 

With no such Sign, 1512, 1526 
Little, 1363 

Low (see also Anaemic, Heat, Inter- 
mittent, IrxQ^X'Ai above) , 
1363 

Macular, of Tunis, 1467 
Magdalena, 1229 

Malarial, 12, 18-19, 22, 25, 873, 
1129, 1517, 1526 
Canine, 493 
Haemoglobinuric, 1216 
Malay States, 1355 
Malignant, 502-3 
Marsh, 1129 

Mediterranean, 932 , 1437, 1530 

Melanuric, 1216 

Meuse, 1501 

Miliary, 1308 

Milk, 1948, 1951 

of More than Eight Days' Dura- 
tion, 1528 

With Marked Physical Signs, 

1528 

Without Marked Physical Signs, 

1529 

Mosquito- borne, 1128, see also 
Malaria 

Mossman, 146^-6 
Muma, 1975 
Nakra, 1466 
Kasha, 1466 
Nervous, 1362 

Night-Soil, 1363 i 

Oroya, 1566 ' 

Ovoplasmosis, 1468 
Pappataci, 1254 
Papular, 1471-2, 1515 


Fever (s), continued 

Parenteric or Paratyphoid, T362 

1404 

Periodic One-Day, 1501 
Pfeiffer's Glandular, 1522 
of Physical or Probably Physical 
Origin, 1128, 1366 
References, 1460 
Pigmentary, 2232 
Polish, 1501 
Prison, 1326 

Protozoal or Probably Protozoal, 
1128, 1129 
Puerperal, 1522, 1946 

Tropical, 1938, 1946 , 1957 
Pyt ho genic, 1362 
Quartan, 1157, 1528 

Irregular Subcontinuous, 1157. 
1160 

Quinine, 1201 
Quotidian, 18, 1526, 1528 
Rangoon, 1462 
Rat-Bite and Cat-Bite, 1866 
Reiter’s Disease, 1468 
Relapsing, 1308 

Remittent, 578, 1501, 1523, 1528, 

1529, 1530 

Bilious, Malarial, 1129, 1165, 
1168 
of Cattle, 575 
Epidemic, 1129, 1308 
Icteric. 1317 
Non-Malarial, 1289 
Rheumatic, 133, 1250 
Roble's, 1462 

Rocky Mountain Spotted, 1341 
Roman, 1129 
Salonica, 1501 
Sandfly, 1254, ^ 5^4 
Sarcosporidial, 1582 
Scarlet, 1485-6, 1513 
Schistosomic, 1867, 1869 
Septic, 1520, 1529 
Bilious, 1469 
Septicaemic, 1186 
Seven-Days’, 1250 
Another form, 1308 
Shank, 1501 
Sierra, 1129 
Skoplji or Uskub, 1254 
Slow, 1362, 1437 
Spirillum, 1308 

Spotted, 1326, 1474, see also 

Rocky Mountain, above 
Spring, 1129 

Subtertian, 1129, see also under 
Malaria 
Summer, 1254 

Summer to Autumn or Summer- 
Autumn, 1129, 1164 
Tacamocho, 1467 
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Fever (s), continued 
Tert an, ii, 1129., also under 
Malaria 

Texas, in Cattle, 497, 715 
Thermic, 139, 1449, 1527 
Three-Days*, 541, 806, 1244, 1249, 

1264 

Tick, 1318, and see Tick Fever 
Intermittent, 1344 
T entsin, 1466 
Trematodal, 1752 
Trench, 1501 
Tropical, 1128 
Diagnosis of, 1511 
Enteroidea Group, 1188 , 1362 , 
^ 1468. 1474, 1526 

Hay Fever, 1875 
Unclassified, 1461 
Trypanosome, 1259, 1280 
Typho-Malarial, 1366 
ii. Typhus, 1326 

Unclassified, 121, 122, 1128, 1461 
Undulant, 932 
Urticarial, 1589, 1590, 1593 
Naegeli’s, 1462 
References, 1473 
Van der Scheer’s, 1252 
Vesicular, 1470-1, 1517 
Volhynia, 1501 
War Zone, 1128, 1501 
Whitmore’s, 1466 
Woolley’s, 1467 
Yellow. 1229 

Fibroid Folliculitis of Montoya, 2097 
Fibroma Molluscum, 2273 
Pendulum, 2273 
Simple, 2273 
Fibromata, 123 

of Ear-Lobule, 2011 
Uterine, 1945 
Fibrosis, 1592, 1601 
Elephantoid, 2262 
Fibrous Osteitis, 1552 
Fieber Periodische, 1501 
Fi^bre de la Oroya, 1566 
Field Bug, 763 
Fiery Serpents, 651, 1968 
Fidvre(s), Bilieuse Grave, 1216 
H^maturique, 1216 
H6moglobinurique, 1216 
Mdlanurique, 1216 
Boutonneuse de Tunisic, 1467 
Capriense, 1437 
Caprine, 1437 
Continue, 1363 
Gastrique, 1363 
Herpdtique, 2269 
Jaune, 1229 

des Cr^Dles, 1216 
Malariques, 1129 
des Marais, 1129 


Fidvre(s), continued 
Meningogastrique, 1363 
Nerveuse, 1363 
Paludiennes, 1129 
Palustre, 1129 
de Pick, 1254 
de Pym, 1254 
^ Rechute, 1308 
Rouge, 1244 
Telluriques, 1129 
des Trois Jours, 1254 
des Trench^es, 1501 
Typhoide, 1363, 1664 
k Vomissements Noirs des Enfants, 
1472 

Figites anthomyiarum, 908 
scuiellaris, 908 
'iji, Diseases of, 123 
Filaire, 632 

hlaria (see also Agamofilaria, and 
Microfilaria), 23, 332, 
623, 631 , 644, 678, 

1273. 1714. 1975 
athiopica, 651 
apapillocephala, 641, 1974 
bancrofti, 17, 18, 623, 632, 638 , 
641, 644, 873, 876, 896, 
159b, 1941, 1968 
Embryos, Table of Differences 
between these, and 
those of Loa loa, 648 
History, 1595-7 
Hosts of 

Definitive, 873 
Intermediate, 873 
Pathogenicity, 1696 , 1961, 2219 
communis, 633 
conjunctives, 1794 
cystica, 632 
demarquayi, 632, 639 
dermatemica, 633 
diurna, 645 

Doubtful forms, to be eliminated 
from the genus, 632-3 
dracunculus, 651 
equi, 649 
gigas, 632 

hominis bronchialis, 649 
hominis oris, 632, 653 
inermis, 62^, 632, 640 , 641, 649 
juncea, 639 
kilimares, 632 
labiato papillosa, 649 
lahralis, 640 
lentis, 642 
martis, 631, 632 
niellyi, 632 
nociurna, 633 
oculi, 645 

oculi humani, 641, 642 
Oral, 1 740 
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Filaria, continued 
V ozzardi, 623, 632, 639 , 643 
palpebvalis, 640, 641 
papulosa, 649, 1974 
perforans, 631 
peritonei hominis, 641, 1974 
Persians, 643, 801 
piscium, 633 
rcstiformis, 632, 633 
romanorum orientalis, 632 
sanguinis hominis, 633 
(Sgyptiaca, 633 
major, 645 
minor, 643 
nocturna, 633 ' 

Persians, 643 
suhconjunctivalis, 645 
taniguchi, 639 
wuchereri, 633 
zebra (fictitia), 632 
Filari.'i Krankheit, 1595 
Filariadea, 631 

Filarial Abscess, 1601, 1602, 1604 . 1606 
Chyluria, 1934 
Disease, 1595 

Erysipelatoid attacks preceding 
Elephantiasis, 2266 
Fevers, 1603 sqq. passim 
Hydrocele, 1595, 1596, 1601, 100:5, 

1605 

Lymph Extravasations, 1608 
Lymph Scrotum, 1595, 1596, lOoi, 

1605 

Lymphadenitis, 1964 
Diagnosis, 1523 
Lymphangiectasis, 1603, 1605 
Lymphangitis, 1523, 1595, 1604 , 
19O4 

Lymphatic Varix, 1595, 1599, 1O03, 
1605, 1607 

Orchitis, 1595, 1603, 1605 
Phlebectasis, 1603, 1607 
Synovitis, 1967 
Tumours, 1617 
Varix, 1607 
Filariases, The, 1595 

Clinical Description, 1603 
References, 1618 
Treatment, 1603 
Subcutaneous, 1967, 1968 
Filariasi, 1595 

Filariasis, 17, 25, 639, 1131, 1595 , 
2262 

etiology, 1533, 1595 , 1598 
Climatology, 122, 124, 1595 
Definition, 1595 
Diagnosis, 1529 
Insect Vectors, 743, 747, 1598 
Parasites of, see Filaria, and 
Microfilaria 
Rash of, 1514 


Filariasis, continued 
Synonyms, 1595 

Caused by Filaria bancrofU, 1595 
Aetiology, i 59 ^” 9 « 

Climatology, I 397 "^ 

Diseases enumerated, 1595 
Morbid Anatomy, 1602-3 
Pathology, 1600-2 
Dermo-Conjunctival, 1967, 1968, 

1971 

References, 1980 
Dubini's, 1O71, 1967, 1974 
• References, 1980 
Ocular, 1972, 1974, 2007 
Filar idee, 631 
Filaridea, 631 
Filar ides, 631 

IHlariidce, 621, (>23. 026, 681 , 1734. 
1968 

IRderences, 681 
Filariince, 63 1 
Filariose, 1595 
File Fishes, 194 
Filcrai'ia, 632 
Filiform Warts, 2274 
Inlosa, 326 

Filix mas, 1753, 1771, 1869 
Filterable Viruses, 541 
References, 543 
Finns, the, 55 
First -Class Lives, 127 
Fish, see also Pisces 
Larvicidal, 789, 1208-9 
Parasites of, 19, 337-8. 395. 398 , 
400, 488. 534, 579 
Poisonous. 193-4, 230 
References, 241 

Traumatisms caused by 147, 154-5 
Fish-Poisons, 1O7, 187 
Fistula, Branchial, 1959 
Fistulous Disease of the Buttocks, 
2084 

Tubercular Disease, 2085-6 
Fitness for Tropical Life, 127 
References, 134 

h'ive Days’ Fever, 1252, 1308, 1501 
Flagella, 291, 296, 297, 330 
Flagellar Vacuole, 370 
Flagellate Diarrhcea, 1780, 1796 
Animal Carriers of, 877 
Table, 878 
References, 1800 
Tonsillitis, 1747 
Urethritis, 1944 

Flagellates of Arthropods, 372, 376 
in Blood, 289-90 

of Insects, in relation to Espundia, 
2177-8 

Oral, 1740 

Flagellosis in Plants, 3O7 
Flagellum of Trypanosoma, 382, 383 
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Flat- Worms, 555 

Flea-Bites, 877, 908, 1337, 1516, 2203 
Fleas, see also under Names, 23, 749, 
895. 897. 1370 
Destruction of, 91, 1433-4 
Diseases and Parasites carried by, 
20, 23, 115, 117, 285, 

363. 3H 369. 375. 37^. 

479. 857, 876, 1650 
Plague-Spreading (Human and 
Rat Plague), 115, 117, 
285. 747. 857, 141C, 

1419, 1420, 1421 
Most Important Species 
A. Rat to Rat 867 
J3. Rat to Man, 867 
Dog, Vectors of, Kala-Azar, 375, 
376, 1299, 1303 
Rat, 23, 865, 867, 869, 870 
Table of, 866 
Fleckfieber, 1326 
Flema Salada, 1700 
Fhxnerella * 

paradysenterio!, 937 
pseudo~dy senior ice 
var. A, 937 
var. Di, 937 
var. D2, 937 
tangallensis , 937 

Flies (Fly), Adult and Larval, see also 
under Mames 

Change of Habits of, 895-6 
Diseases and Parasites spread by, 
see also Myiasis, 1619, 
23, 24, 306, 307, 316-17, 
356. 363. 364. 3 ^ 5 . 433. 

468, 747. 771, 873, 876, 
S83, 897, 908, 920, 

1356. 1557. 1564. 

1805, 1807, 1841, 1844, 
i860, 1944, 1994. J995. 
1998, 1999, 2 1 66 et ali b i 
in the Eye, 1995 

Diseases due to, 995, 1998, 
1999 

Biting and Blood-sucking, 23, 365, 
814, 1703, 1716 
Collection of, 748 
Method of Infection, 874-5 
Parasites of, 365, 814 
References, 855 

House, Diseases and Parasites 
carried by, 24, 306, 307, 
316, 359. 3^4. 747. 77E 
873, 897, see also 

Fannia, and Musca 
domestica 

Crusade against, 1 860 
English and Tropical, List of, 900 
Parasitic, 814 
True, 825 


Flint’s Parasite, 737, 788 

Flood Fever, 1350 

Flour of Wheat, grades of, 104 

Flusso Sanguigno, 1824 

Fly, see Flies, above 

‘ Fly-Bite ’ (Oriental Sore), 2165 

Fly-Crusades, i860 

Fly- Disease (Nagana, q.v), 410 

Foehn, the, 81-2 

Foetal Abnormalities and Monstrosi- 
ties, 1957 

Feetidus Group of Streptococci, 928 
Foetus Agnathia, 1959 
Cyclops, 1959 
Papyraceus, 1959 
Foie, Absc^s du, 1910 
Folk-Medicine for Snake Bite, 277 
Folliclis, 2272, 2277 
Follicular Conjunctivitis Catarrhalis, 
1996, 1997 
Hyperkeratoses, 2256 
Tonsilutis, 1747 
Folliculites, 2017 
Pyogenic, 2027 
Folliculitis, 2250 
Decalvans, 2283 
Fibroid, of Montoya, 2097 
Purulent, of Legs, 2027, 2029, 2036 
References, 2038 
Fontainea pancheri, 174 
Food(s), Absorption of, by Intes- 
tinal Parasites, 553 
Adulteration of, 95 
Animal, 94, 95 

Chemical Composition of, 96-7 
Digestibility of, Coefficients of, 
101-2 

Essentials of, 96 
Eugenic aspect of, 119 
Evolution of, 94 

Frambccsia spread by, 1556, 1557 
Poisonous, 193 

References, 202 
Till Properly Prepared, 172 
Preparation and Flavouring of, 104 
Quantity, 97 
Tropical, 94 

References, iio-ii 
Vegetal, 94-5 

Food-Deficiency, in relation to 
Disease, see Beri-beri, 
Pellagra, etc., 109,1617, 
1673, 1675, 1690, 1691, 
1709 

Food-Factors in Diet, Estimation of, 
as to 

Quality, loi 
Quantity, 97 

Food-Materials, Classification, of, 97 
Tropical, 104 sqq. 
Vitamine-containing, 109, no 
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Food-Peculiarities, Racial, 104 
Food-Poisoning 
Animal, 195 

and Beri-beri, 1673, 1674 
Pseudo-Cholera due to, 1820 
References, ^502 
Vegetal, 193, 195 

Food-Ration, British War, 90, 100, 
102 

Food-Taboos, 95 
Foot, see Feet, above 
Foot and Mouth Disease, 535, 541 
Foot-Binding, Pathological Effects 
of, 155-6 

Foot-Tetter, 2037 
Foraminifera, 298, 303, 327 
Forcipomyia, 803 
Fordyce's Disease, 1746, 2284 
Foreign Bodies in 

External Auditory Meatus, 2011 
Eye, 1995, 1997 
Forest Yaws, 2167, 2172 
Forficula auricular ia, 1641 
Formalin Sprays, 1207 
Formiciasis, 2000, 2004, 2006, 2267 
Formicida, see also Ants 
Formosans, the, 55 
Biting, Venom of, 222 
References, 229 
Forrest's Fever, 1462 
Foundations of Medicine, 6 sqq. 

418 (Spirarsyl), 27 

Fourmili^re des Vers (in Foot), 21 ii, 
2116 

Fowl Diphtheria, 541 
Pest, 541, 542 
Spirochaetosis, 454 

Fowls, Diseases of, due to Spiroschau- 
dinnia marchouxi, 453 
Enemies to Ticks, 701 
Parasites of, 353, 704 
Foxia mansoni, 1100 
Fra-Fra Arrow-poison, 180, 181 
Fragilitas crinium, 2282 
Framboesia Tropica (Yaws), 251. 

1187, 1533, 1635 , 1558, 
2111, 2176, 2187 
etiology, 461, 1588 
Bacteriological Flora present, 
459 , 1538 

Blood Conditions, 1553-4 
Causal Organism, 21, 24, 436, 449, 
452, 457 4bo, 461, 

1536, 1538, 1539. 1540. 
1557. 1558-9, 1568 
Cerebro-Spinal Fluid in, 1554 
Climatology, 122, 123, 124, 

1637 

Complement-Fixation Reactions, 

1554 

Definition, 1535 


Framboesia Tropica, continued 
Diagnosis, 1557 

Differential, 1557 ' 9 , 1568, 

1576, 1664, 2082, 209 J, 
2173, 2185. 2253 2254 
Duration, 1542 
Economics, 1560 
Eye-Conditions, 1553 
Framboesides in, 1548, 1 550-1 
Genito-Urinary System in, 1553 
Helminthic Infections in, 1552 
Histopathology, 1 540-1 
History, 1535 

Hyperidrosis in, 1553, 2222 
Hyperkeratoses in, 1545, 2256, 
2257 

Infection of Parents by Children, 

1543. 1556, 1557 

Inoculation Experiments on 
Man, 1538-9 
Monkeys, etc., 1539-40 
in relation to J uxta-articular 
Nodules, 2261 
Lesions in, of 

Bones and Joints, 1552, 1978 
Hair and Nails, 1551 
Mucosae, 1551 
Soles, 1551, 2259 
Muscular Contraction in, 1552 
Neuritis in, 1552-3 
Patients with, Non-Immune to 
Syphilis, 459 

Predisposing Causes, 1540 
Prognosis, 1559-60 
Prophylaxis, 1564 
Pseudo-Goundou in, 1976, 1977 
Pseudo-Mycetomatous condition 
in, 2147 

References, 1564-5 
Regions attacked, 1550 
Sequelae, 1876, 1877 
Spread of, by 

Insects, 25, 876, 908, 1556-7, 

1564 

Other Means, 1543, 1656 , 1564 
Stages in 

(a) Primary, 1541, 1642 
Framboesoma, 1542 
( 5 ) Secondary, 1542, 1644 
Granulomatous, 1544 

(c) Tertiary, 1542, 1544 

(d) Fourth, 1556 
Symptomatology, 1541 

Constitutional, 1551 
Cutaneous, ^542 
Synonyms, 1535 
Treatment, 28 
Local, 1564 
Various Means 

Castellan! 's Mixture, 28, 

1562-3 
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Framboesia Tropica, continued 
Treatment, continued. 

Native Methods, 1565 
Salvarsan, etc., 1560-2, 2280 
Tartar Emetic, 1562 
Atypical, 2085 
Ciranate, 2052, 2235 
Granulomata, 2185 
Framboesial Aneurysm, 1555 
Ulcers, 452, 2190 
Framboesides. 1548, 1 550-1, 2235 
Framboesiform Nodules in Keratoma 
Plantare Sulcatum, 2259 
Framboesoma, 1542 
Framboetic Onychia, 1550 
Paronychia. 1550 
Framosi, 1535 
Freckling, 2281 

Frienite, or Frien Disease, 1033 
Frieira, 2036 

Frogs. Parasites of. 353, 355, 363. 

398, 400, 461, 488 
Frontier Sore. 378 
Frost-Bite, 2264 
Fruit-Fly, 903, 904, 1370 
Fruits, Heavy, Traumatisms caused 
by Fall of, 156 
Fuegians, the, 56, 60 
Fuguismus, 122, 194 
References. 194 

Fulah, or Fulani, the, 47, 51. 53 
Fundatus taniopygus, 789 
Fundus Oculi, 2004 
Fiinftagefieber, 1501 
Fungacea, 923, 967, 968 
References, 977 

Fungal Affections of Eyelids, 2009 
Diseases of Skin, 2015, 2017 
Gummatous Affections, 1112, 1118, 
1122, 1124, 2041 
Rarer forms, 2106 
Fungi, 923, 967 
in, of, and associated with 
Beri-beri, 167, 1680 
Ear, 2011 

Eye, 

(a) List, 2008 

(b) Diseases with which asso- 

ciated, 2009 
Hair, see Tinea, etc. 
Histoplasmosis, 1669 
Maize, 1 712-13 

Sputum, 1084 sqq. passim, 1521 
Stools of Normal Persons, 1782 
Impeffecti, 965, 968, 986, 987, 1035 , 
, nil, 1741 

ParasHca Section, 1050 
Brevis Subsection, 1050 
Species 
List, 1054 
Table, 1056 


Fungi Imperfecti, continued 

Parasitica Section, continued 
Majora Subsection 
Species 

List, 1050 sqq. 

Table, 1052 
Minora Subsection, 

Species 
List, 1051 
Table, 1055 

Saprophytica Section, 1045 
Majora Subsection 
Species 

List, 1045 sqq. 

Table, 1048 
Minora Subsection 
Species 
List, 1047 
Table, 1049 
References, 1124-5 
Treatment, 1044 
Pathogenic, see Mycology, 21, 967 
of Plants, 198, 200 
Poisonous, and Poisoning by, 124, 
172, 173, 198, 200 
Transmission by Flies, 24 
Fungus-Cellulose, 968 
Fungus Disease of India, 2110 
Funiculitis, Endemic, 1522, 1938 , 1939 
References, 1955 
Furcocercous Cerearice, 559 
Furina, 246 
calonota, 251 

Furunculus Contagiosus, 2027 
Orientalis, 2165 
Tropical, 2027 

Furrowed Tongue, 1746, 2284 
Furrowing of the Skin, artificial, 
2238, 2240, 2241 
Fury, Tropical, 76, 1981 
Fusaria, 653 
mystax, 656 
vermicularis, 657 
Fusarium, 1 1 1 3 

Fusiform Organisms of Vincent, 1745 

Gad-Flies, 815 

Gaigeria, 672 

Gaiter Fever, 1501 

Gale, La, 2217 

Gale de Saint Ignace, 1 700 

Galen, 12 

Galis Pateros (Yaws), 1535 
Gall-Bladder, Diseases of, 1907 
in relation to Enteric, 1367 
Galla Race, 47 
Galle Leg, 1610 
Gallenfieber, 1216 
Gallinippers, 774 
Gall-Producing Insects, 908 
Gall-Sickness, 20, 407 
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Gall-Stones, 1907 

Galls on Plants, caused by Acarina,69i 
Galyl, 27, 28 
Galziecte, 20, 407 
Gamasidcs, 693 
Gamasoidea, 692 
Gambia Fever, 19, 419, 1259 
Gamhusea molliensia, 789 
Game as Reservoirs for Sleeping 
Sickness, 879, 880 

Gametes, 292 

Gametocytes, 294, 295, 469 
Gamocystis, 471 

Gangosa, 1555, 1741, 1875, 1876 
Ulcers, 2190 
Varieties, 1879 
Gangrene, 156 

Acute Traumatic, 149 

Dry, in Subtertian Malaria, 1179 

Gas, 961 

References, 966 
Hospital, 959, 2182 
of Lung, 1949 
Spreading Traumatic, 150 
Gangrenosa, 123 
Gangrenous Appendicitis, 1326 
Dysentery, 1830, 1831, 1835 
Bacillary, 1848, 1849 
Recti tis Epidemic, 25, 125, 1871 
References, 1892 
Trench Foot, 2149 
Vaccinia, 1518 
Ganja, 176 
Gaol Fever, 1326 
Garib-guez, 1704 
Gas Gangrene, 961 
References, 966 

Gasogenous Group of Streptococci, 928 
Gasterostomes, 558 
Gastric Diseases, 1749 

Disturbance due to Kwan’s Fluke, 

.1752 

Fermentation, 1 749 

Fever, 1362 

Myiasis, 852 

Spirochaetosis, 1749 

Symptoms due to Cestodc Parasites, 

1753 

Ulcer, 454 

Gastrisches Fieber, 1363 
Gastritis, Atrophic, Chronic, 1906 
Gastritis-type of Subtertian Malaria, 
1177, 1178 
Gasirocystis, 530 
GastrodiscidcB, 561, 663 
Gastrodiscus, 563 
(Bgypiiacus, 563 
hominis, 663 , 1752 
References, 594 
minor, 563 
secundus, 363 


Gastro-Enteritis Climatica, 1254 ' 
Endemica, 1254 

Hsemorrhagic Febrile, of Children, 
1472 

Gastro-Intestinal Canthariasis, i6/|0 
Myiasis, 1620, 1621, 1622, 1628 
Scolechiasis, 1640 
Tract, Diseases of, 1241, 1731 
Gasiro-Obium, Sheep-poison, 189 
Gasirophilus, 825,' 826 , 1639, 2209 
equi, 827, 1630 
hcemorrhoidalis, 1639, 2209 
nasalis, 1639, 2209 
pecorum, 828 
veterinus, 1639 
Gastropoda, 890 
GastroihylacidcB , 561 
Gasiroxides, 823 
Gattoo, 1535 

Ga vials. Traumatisms caused by, 133 
Geese, Diseases of, 433 
I Geigera wellmani, 1699 
! Gelbfieber, 1229 
I Gelechia gossypiella, 2216 
j Gelsemium sempervirens, 2153 
i Gemmation, 288, 291, 292 
General Diseases, 1533, 1636 
Causation 

Animal Parasites, 1533, 1636 
Chemical, 1333 
Unknown, 1333 
Vegetal Parasites, 1533 
Disturbance of Health, indications 
of, 1320 

Dropsy, 122, 1895, 1904 
Paralysis, 1981 

Generative Functional Changes due 
to Subtertian Malaria, 
1180 

System, Derangements of, 1519, 

1622 

Diseases of, 1938 
F'emale, 124, 1944 
Male, 1938 
References, i960 
Ehect on, of Temperature and 
Humidity, 77 

Gelbsucht group of Chilamydozoa, 540 
Genickstarre, Epidemische, 1475 
Genitalia, Warts on, 2274 
Genito-Urinary Organs 
in Framboesia, 1333 
Mycoses of, 1926 
Geobdella, 688 

Geographical Discovery in relation to 
Disease, 114 
Geomyidcs, 914 
Geophagy, 1749, 176! 

References, 1751 
Geophagy, 1749, 1761 
References, 1751 
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Geophilus carpophagus, 740 
cephalicus, 740, 1641, 1881 
electricus, 740, 1641, 1881 
longicornis, venom of, 218 
similis, 740, 1641, 1881 
Geotrupes vernalis, 1640 
Gerlier’s Disease, 1982 
German Measles, 1490, 1513, 1516 
Germ theory of Disease, 15 
Gerris fossarum, Parasites of, 367, 372 
paludum, Parasites of, 363," 368 
Ghibli (wind), 81 
Ghisud, 2165 

Ghootloo, or Gootloo, Mahdee, 2110 
2113, 2116 

Giardia, 4O4, 

intestinalis, 466 , 877, 878, 1796, 
1^33 

Gibraltar Fever, 1437 
Gift Zeer, 2030, 2031 
GigantorhynchidcB, 680 
Gigantorhyncus, 680 
gigas, 680 
moniliformis, 680 
Gila monster, the, 124, 279 
Ginger, 172 
Gingivitis, 1520, 1744 
References, 1751 
Ulcerative, 1744, 1745 
Giraffe Fever, 1244 
Girardinus, 789 
formosus, 789 
pceciloides, 789 
versicolor, 789 
Glanders, 965, 1529 
Ulcerations, 2190 
Glandula Idiopathica, 1961 
Glandular Disease of Barbados, 1610 
Enlargements, 1522-3, 1526, 1529, 

1532. 1551-2. 1587. 

1961, 2253, see also 

Hodgkin’s Disease 
Fever, Endemic, 1465 
of Pfeiffer, 1522 
System in Native R^ices, 2264 
Glass, Powdered, Traumatisms due 
to, 156-7 

Glass Slides, marks on, 1901 
Glaucoma, 2004 
Glenospora, 1112, 1113 , 2008 
Dermatomycoses due to, 2041 
Species 

curtisi, 1113, 1114 
graphii, 1113, 1114 , 2008, 2009 
khartoumensis , 1114, 1115 , 2041, 
2121, 2122 
microspora 1114 
ramorum, 1113 
sacchari, 1114 

semoni, 1114, 1116 , 2041, 2122 
Glenosporosis, Ocular, 2009, 2010 


Glires, 913 

Globi, in Leprosy, 1652 
Globidium, 360, 491 
Globularia, 381 

Gloriosa superha, 115, 164, 165, 166, 
169, 170 

Glossina, 19-20, 747, 771, 832, 837 
Bite, 1269 

Classification, 844, 845 
Larvae, 771 
Parasites of, 454 
Pathogenicity, 838, 844 
References, 856 
Species 

austeni, 845 

brevipalpis, 846 

hrevipalpis group, 846 

caliginea, 845 

fusca, 845 

fusca group, 845 

fuscipleuris, 845 

longipalpis, 415, 417, 838, 845 

longipennis, 846 

medicorum, 84G 

morsitans, 19, 23, 388, 390, 410, 
413. 415, 426, 843, 844, 
845, 880, 881, 1260, 

1262, 1264, 1265, 1278, 
1279 

morsitans group, 845 
nigrofusca, 845 
palHcera, 845 
pallidipes, 845 

palpalis, 19, 23, 388, 389, 390, 
39 i> 392, 393. 413, 415. 
417, 421, 424-5, 838, 
842, 843, 845, 878, 879, 
1260, 1262, 1264, 1265, 
1278, 1279 
Bionomics, 845 
palpalis group, 845 
tabaniformis, 845 
tachinoides, 415, 417, 845, 881, 
1264 

ziemanni n. sp., 846 
Trypanosomes carried by, 390, 
39 L 397. 413, 415, 417. 
421, 424-5, 426, 838, 
844, 1260, 1262, 1263 
Development of, 389, 390 
Glossinella, 837 
Glossiphonia, 685 

Trypanosome development in, 389 
Glossiphoniidce, 685 
Glugea, 529 
anomala, 529 

Gluteal Blastomycosis, 2084, 2©85 
Glycaemia, 76 
Glyciphagus, 729 
prunorum, 729, 2214 
Glyoosuria, 132 
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Glyphodon, 246 
trisUs, 251 
GnathobdellidcB , 685 
Gnathostoma, 623, 629, 630 
siamense, 630 
spinigerum, 623, 680 
References, 681 
Gnathostomidce, 623, 624. 629 
Gnats, 774 

Goa Powder Tree, 2160 
Goat Fever, 1437 
Goat-Poisons, 189 
Goats and Goats’ Milk in relation to 
Undulant Fever, 1438 
sqq, 

Heartwater in, 713, 723 
Parasites of, 320, 369, 412, 413, 
416. 454 

Trypanosome-Diseases of, 391 
Trypanosomes of, 413 
Gobiat, 415 
Gobora, 1303 

Godfrey and Eyre’s Tubercular 
Disease, 2110 

Godownik (Oriental Sore), 2165 
Gofar, 1 700 

Goitre, 120, 124, 1288, 1919. i 959 , 
References, 1925 
Adenomatous, 1920 
Congenital, 1920, 1922 
Endemic, 1920 , 1959 
References, 1925 
Exophthalmic, 1920 
Parenchymatous, 1920 
Golgi, Cycle of, in Plasmodia, 506 
Gomera, 2076 
Goniopsyllus, 865 

Gondwanaland, and Primitive Man. 
42 

Gongylonema pulchrum, 1 740 
Gonidangium, 972 
Gonidia, 969 
Gonidiophores, 1972 
Goniops, 823 
Gonoblennorrhoea, 539 
Gonococcus, 1479, 1998 
Eye Infection, 1997 
Rheumatism, 1938 
Septicaemia, 1938 
Gonone (Mite), 727 
Gonorrhoea, 118, 926, 1938 
Causation, 926 
Treatment, 176 

Native, risks of, 171 
Unfitting for Tropical Life, 127 
Gonorrhoeal Arthritis, 1967 
Conjunctivitis, 1996, 1997 
Infection, 1523 
Salpingitis, 1961 

Gootloomahdee, 2110, 2113, 2116 
Goraharik, 200 


Gordiacea, 621, 678 
Gordiaceiasis and Acanthoaphaiiasis, 
1777 

GordiidcB, 679 
Gordius, 679 

aquaticus, 632, 679 
. chiliensis, 679 
equinus, 649 
medinensis, 651 
pulmonalis apri, 662 
Goro, 177 

Goundou, 124, 1967, 1976 
References, 1980 
Gout, 1967 

Gracilis group of Streptococci, 928 
GraciloidecB, 932, 933, 958 
Graciloides, 933, 968 
albofaciens, 933, 958 
tardus, 958 

Graeci Elephantiasim, 1700 
Graeco-Roman Medicine, 1 1 
Graham’s Parasite in Dengue, 23 
Grain Itch, 2200, 2216 
Grammocephalus, 672 
Granular Nocardiasis, Tonsillar, 1747 
Granules, Infective, in 

Relapsing Fevers, 919 
Spirochaetes, 385 
Metachromic, 290 
Metaplastic, 290 
Volutine, 290 

Granuloma Annulare, 2273 
Cocci doides, 474 
Endemicum, 2165 
Gangrenosum, 1876 
Inguinale, 2165, 2192 

etiology, 448, 449, 452, 2192-8 
References, 2198-9 
Treatment, 28, 2196 
Varieties, Racial, 2195 
Parasitic, 2165 
Pyogenicum, 2254 
Trichophytic, 1000, 1002 
Ulcerative, 122 
Venereum, 2192 

Granulomata in Framboesia, 1535 
sqq. passim. 

Granulosis Rubra Nasi, 2272 
Grapkium psnicilioides, 1114 
Grass Sickness, 1749 
Graves’ Disease, 1919, 1920 
Grecian Medicine, 8, 10 
Gregarina, 471 
GregarincB, 469 
Gregarinida, 469 
GregarinidcB, 471 
Gregarinidea, 469 
Gregarinosis Pulmonum, 1584 
Grewia A siatica, 1 88 
Grocer’s Itch, 72 9* 2214 
Gromiidce, 326 
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Ground Itch, 553, 669, 1763, 1771 
Ground Squirrel, Flea of, 867, 870 
Plague spread by, 867, 912 
Grouse, Red, Leucocytozoon of, 

Growth, Effect on, of Tropical 
Climates, 77 
Vitamine of, 109 
Guano Itch, 2214 
Guarana Bread, 168, 177 
Seeds, ib. 

Guaranene, 177 

Guarani Peoples, 59 

Gaarnieri Bodies, 2193 

Guatteria veneftcum, Arrow-Poison, 

185 

Gugo, 2060 

Guiana, Fish-Poisons of, 188 
Guinea-Pigs, Parasites of, 353, 355, 
406 

Guinea-Worm (Dracontiasis), 9-10, 
II, 12, 17, 25, 623, 632, 
651. 652, 739. 1298, 
1524, 1967, 1968 , 1970, 
2254 

Guinea-worm, see also Dracunculus, 
651 

Gujarati race, 47 

Gummatous Affections, Fungal, 1112, 
1118, 1122, 1124, 2041 
Rarer forms, 2106 
Lymphangitis, 1118, 1124 
Gums, Inflammation of, 1744, 1745 
Shrinkage of, 1520 
Gundurum, 2241 
Gune, 2060 

South-west, 2059 
Gurley a, 529 
Gusdno, 828 
Macaco, 1633 
de Monte, 1633 
Moyocuil, 1634 
Peludo, 1633 
de Zancudo, 1634 
Gymnamcehida, 298 
Gymnascales, 1070 
Gymnoascacees, 986 , 987, iioi, 2054 
GymnoascetB, 986, 987, 2008 
Gymnoacees, 2008 
Gymnoascus, 986 
Gymnocephalous Cercaria, 55; 
Gymnocerata, 761, 762 
Gymnospermece , 1071 
Gymnosporea, 471 
Gymnosporidia, 504 
Gymnostomata, 546 
Gynecophorus, 584 
Gynocardia, 1664 
Gyrocoryna, 547 
Gyropidce, 751 
Gyropus, 751 


Habbeciacco seeds, 1753 
Habb-es-Sanah, 2165 
Habb-es-Sanawi, 2165 
Habit Poisons, 174 
Habure Disease, 593 
Hadvus, 817 
Hcemadipsa, 683, 687 
Jallax, 688 
japonica, 688 
javanica, 688 
morsitans, 688 
talagalla, 688 
umbata, 688 
vagans, 688 
zeylanica, 685, 688 
Heemadipsinee, 685, 687 
HcBmalastor, 722 
Hcemamceha, 504 

immaculata, 517, 1137 
laverani, 517 

var. quay tana, 512 
malaria, 512, 517 
var. magna, 510, 512 
var. quay tana, 512 
var. teriiana, 510 
pracox, 517, 1137 
relicta, 513 
vivax, 510 
Hamamoebida, 504 
Hamanthus toxicaria, 1 84 
Hamaphy sails 710, 71 1, 719 
concinna, 719 
flavii, 719 
leachii, 700, 719 
marmorata, 716 
punctata, 699, 700, 719 
rosea, 714 
Haematemesis, 1749 
Hamatobia, 832, 846 
aids, 837 
rufipes, 846 
sanguisugeus , 846 
stimulans, 846 
Hamatohosca, 832, 846 
airipalpis, 846 
perturbans, 846 
Haematoceles, 1939 
Haematochyluria, 1596, I 599 . 1 601, 
1608 

Hamatococcus, 492 
bovis, 497 
ovis, 497 

Haemato-lymphuria, 1608 
Hamatomonas, 381, 504 
evansi, 409 

Hamatomyzida, 753, 759 
Hamaiomyzus, 759 
elephantus, 759 
Hamatophyllum, 504 
malaria, 505 
Hamatopinida, 753, 758 
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HcBmatopinincB, 758 
H<Bmatopinoides, 759 
squamosus, 759 
Hcematopinus, 752 
stephensi, 485, 763 
vituli, 649 
Hcsmatopota, 817 
beringeri, 819 
hullatifrons, 819 
crudelis, 819 
daveyi, 819 
decora, 8i8 
grahami, 819 
italica, 367 
obscura, 819 
pluvialis, 819 
Yubens, 819 
taciiurna, 819 
vitiata, 819 

HcBmatosiphon, 7O2, 766 
inodorum, 763, 766 
HcsmatosiphonincB, yCrz 
Hcematozoa, and Beriberi, 1679 
Hcematozoon falciparum, 517 
Haematuria, Endemic, 1926 
Schistosome-caused, 1927 
HcsmatustoridcB, 710 
H(^mentaria, 685 
ghiilanii, 685 
officinalis, 685 
Haemiconia, 1900 
Haemocultures, 1390 
HcBmocysiidium, 504, 516 
mesnili, 516 
meischnikowi, 516 
najcB, 516 
simondi, 516 
roumei, 516 
testudinis, 516 
Hcsmocytozoa, 477 
Hcsmocystozodn, 360, 361 
Fever due to, 1468-9 
brasiliense, 1468-9 
Hcsmodipsus, 759 
Hcsmojlagellata, 289 
Haemoglobin in Urine, 1522 
Haemoglobinuria, ^Etiology, 1136 
Diagnosis, 1522 

Malarial, 1168, 1180, 1213, 1217 
sqq., 1522 

Quinine, 202, 1201, 1213, 1214 , 
1217, 1218, 1219, 1220, 
1224, 1522 
Haemoglobinurias 
Paroxysmal, 1213 
Specific, 1213 
Symptomatic, 1213 
Toxic, 1213, 1522 
Tropical, 1128, 1168, 1213 
Haemoglobinuric Fever, 497 
Bilious, 1216 


Haemoglobinuric Fever, continued 
in Cattle, 497 
Malarial, 1216 
Tropical, 1128 

Hcemogogus, 801 

H^mogregarina (Hcemogregarmes), 
360, 478, 483 
anarrhichadis, 488 
bagenesis, 480, 487 
balfouri, 485 
bigenuria, 488 
billeti, 487 
bovis, 485 
canis, 479, 483 , 713 
cantlei, 487 
crocodilinorum, 486 
crotali, 487 
felis, 486 
funambuli, 486 
gerbilli, 479. 485 , 753 
hankini, 486 
hominis, 483 
inexpectata, 1 306 
jaculi, 478, 479, 485 
lacertarum, 487 
lanceolata, 601 
laverani, 487 
leptodactyVi, 488 
niansoni, 487 
mauretania, 487 
mesnili, 487 
minima, 480, 488 
mirabilis, 4S7 
mocassini, 487 

muris, ^79, 480, 481, 483 , 

fi93 

najcB, 487 
nicovioi, 486 
plate sscB, 488 
pococki, 487 
pythonis, 487 
quadrigemina, 488 
ranarum, 488 
rara, 487 
rarefaciens, 487 
ratii, 486 
ref ring ens, 487 
robertsoni, 401 
rovignensis, 488 
schatiochi, 487 
schaudinni, 487 
seligmanni, 487 
simondi, 483, 488 
splendens, 488 
stepanovi, 480, 486 
stepanoviana, 487 
terzii, 487 
thomsoni, 487 
Unnamed, of Rats, 479 
vitiates, 487 
zamenis, 487 
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Hcsmogregarinda of 

Amphibia, 478, 480, 488 
Leeches, 480 
Mammalia, 478, 483 
Ophidia, 480, 487 
Pisces, 478, 488 
Reptilia, 437, 478, 480, 486 
Sauria, 487 
Tortoises, 480, 486-7 
References, 526 

HcBmogvegavinidcB, 477, 478 , 480 
Haemolytic Toxin (Malarial), 203 
Hcemomonas pvcBcox, 517 
Hcemonchus, 624, 663 
contortus, 624, 663 
HcBmophilcB, 932, 933 
Homophilus, 933 

influenzeB, 933, 1497, 1498 
HcBmopis, 686 
lacustre, 686 
sanguisuga, 355, 686 
Hcsmoproteida, 478, 518 
HcBvnopYoteus, 518 , ii 3 h 
columbes, 519, 525 
mansoni, 526 

noctucB, 289, 381, 382. 434, 519 
oryzivorcB, 526 
Hcemoprotozoa, 290 
Haemoptysis, 568 

Parasites associated with, 568, 
574 

Endemic, 1584, 1885, 1889 
Parasitic, 1584 

Haemorrhages, Cerebral, 1981 
of Enteric, 1384, 1386, 1401 
Optic, 2005 
Post-partum, 77 
Suprarenal, Acute, 1923 
Haemorrhagic Bronchitis, 1882 
Diseases, Differential Diagnosis 
from Small-pox, 1491 
Febrile Gastro-Enteritis of Chil- 
dren, 1472 

Subtertian Meilaria, 1173 
Malarial Fever, 1216 
Non-Febrile Type of Subtertian 
Malaria, 1169 

Pancreatic Affections, 1907, 
1908 

Pancreatitis-type of Subtertian 
Malaria, 1177, 1178 
Purpura, 122, 1698 
Septicaemic Group. Organisms of, 
Genus including, 943 
Smallpox, 1488-9, 2267 

Differential Diagnosis, 1491 
Haemorrhagin, 261 
Haemosiderin, 1145, 1147 
Hcemosporea, 478 

Hesmosporidia, 290, 469, 477 , 478, 

524 


HismospoYidium, 504 
quartancB, 512 
sedecimancB, 517 
tertianum, 510 
undecimancB, 517 
vigesimotertiancB , 517 
Haemozoin, 293, 505, 518, 1134, Ii 45 > 
1147, 1148 

Hair, Diseases of, 994 , 2052 , 2058 , 
2100 sqq., 2142, 2208, 
2264, 2268, 2282 , 2284, 
see also Pediculosis 
Capitis, Ringworm, 
Tinea, etc. 

Effect on, of Tropical Climates, 
and Sun-rays, 77, 88 
Moniliform, 2282 

Hair Follicles, Pyogenic Affections of, 
2027 

Hair-Catching in Electric Fan, 156 
Hair, Chopped, Cattle-Poisoning by, 
189 

Hairy Parts Aspergillosis and Peni- 
cilliosis of, 20.41, 2092 
System of Native Races, 2264-5 
Haiza, 1801 
Halarachnince, 693 
Half-Castes, 119 

Hallucinations in Deserts, 1981, 1990 
Halteridium, 518, 1136, 1143 
danilewskyi, 518 
Halysis lanceolata, 61 1 
solium, 612 
Halzoun, 567, 1746 
Reference, 1751 
Hamadryad, 247 
Hamitic Races, 46 
Hamster, Trypanosome of, 406 
Hamularia, 62^, 6^2, 649 
equi, 623 

lymphatica, 640, 649 
Hands, Angiokeratoma of, 2277 
Entanglement of, in Electric Fan, 
156 

Palms of, Framboesidcs of, 1 550-1 
Tlansenia, 979 
Haplaria, 987 
Haplochiius, 789 
bifasciatus, 789 
grahami, 789 
pumilus, 789 

HapIogvaphiacecB, 1070, 1096 
Haploini, 789 

Haplophyllum tuberculatum, 2153 
Dermatites due to, 2160 
Haplosporidia, 528, 534 
References, 543 
Haplosporidice, 534 
Haplosporidiidea, 534 
Haplosporidium, 534 
Har boul, 1926 
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Hare-Lip, 123, 1959 
Harita Samhita, 1761 
Harlequin Snake, 267 
Harmattan, the, 81 
Harpactor, 767 
Harpulia arborea, 188 
Hartmanella, 323 
hyalima, 323 
Hartmannia, 298 
Harvest Bug of England, 725 
Harvest-Mites, 725, 2213 
Haschisch, 132, 176, 1988 
Hatty-ka-Pung, 2110, 2116 
Hausa Race, 51 
Hautkratzschorf, 1639 
Hautmaulwarf, 1639, 2208 
H§,-van tatat Plant, 124 
Hay Fever, Tropical, 1875 
Head, Ringworm of, Tropical, 2052 
Headache, 88 
Head-Gear, Tropical, 89 
Head-Louse, 756, see also Pediculus 
Capitis 

Health, General Disturbance of, indi- 
cations of, 1520 
Heart, see also Cardiac 
Diseases of, 135, 1895, 1904 
Hypertrophy of, 1904 
Heart-Block, 1179, 1904 
Reference, 1905 

Heartwater in Sheep and Goats, 713, 

723 

Heat, Body, see Temperature, Bodily 
Effects of, Warning on, of Candi- 
dates for the Tropics, 
128 

Midday, Avoidance of, 91 
Racial Susceptibility to, 2265 
Heat-Exhaustion, 139 
Treatment, 138 
Syncopal form, 1904 
Heat- Fever, Low, 1460, 1530 
Robb’s, 1469 

Heat-Stroke, see also Sunstroke, 24, 
88, 1449 , 1875 

etiology, 139, 140, 144, 145, 146, 
1452-3 

Climatology, 120, 145 1-2 
Clinical Identity with Sunstroke, 
146 

Convalescence, 1456 
Course, 1456 
Definition, 1449 
Diagnosis, 1456, 1527 
Differential, 1186, 1450 
History, 1450-1 

Incidence; Age, Occupation, Race, 
and Sex, 1453 
Onset, 1455, 1456 
Pathology, 141, 1453-4 
Predisposing Causes, 1453 


Heat-Stroke, continued 
Prodromata, 1455-6 
Prognosis, 1456-7 
Prophylaxis, 140, 1458 
References, 1460 

Symptomatology, 137, 138, 1455-6 
Synonyms, 1449 
Termination, 1456 
Treatment, 138, 1457-8 
Heat-Syncope, 1449, 1450, 
etiology, 13, 140, 1 41 
Diagnosis, 1521, 1527 
References, 1460 
Symptomatology, 137, 138 
Heavy Fruit, Falling, Blow from, 
Traumatism caused by, 

156 

Hebrews, the, see also Jews, 47 
Hectopsylla, 861 
Heinz’s Corpuscles, 1902 
Helcosoma, 369 
I tropicum, 20, 378 
I Heliconea brasiliensis, 789 
■ Heliozoa, 297 
I Hellvelales, 985 

; Helminthiasis, Animal Carriers of, 

: 887 

I Helminthic Diseases, Infections, and 
I Invasions, 122, 124, 

1514, 1532, 1533, 1552, 
1739. 1762 , 1753, 1758, 
1759, 1761, 1764, 1765, 
see also Ankylosto- 

miasis, 1761 
References, 1778-9 
F'ebrile Urticaria, 1516 
Intestinal Fevers, 1520 
Septicaemias, 1520 
Toxaemias, 1520, 15^7, 1530, 1532 
Helminthology, Early, 7, 9, 12, 

17, 18 

Helminthoma Elastica, 1608 
Helminths, Parasites of, 470 
Helobdella algira, Trypanosomes of, 
394 » 398, 400 
Heloderma horridum, 278 
suspectum, 124, 277, 278, 279 
HelodermalidcB, 278 
Venom of, 278-9 
References, 281 
Helophilus pendulinus, 1630 
Heltu, 9, 666 

Hemelytra of Hemiptefa, 761 
Hemeralopia, 2004, 2006 
Hemi-asci, 1070 
Hemiascomycetes, 978, 1070 
Hemibungarus, 246, 251 
Hemiclepis, 337, 685 
marginata, 389 

Hemispora, 1108 , 1742, 1743, 1886 
Dermatomycoses due to, 2041 
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Hemispora, continued 
Species 

rugosa, 1108 , 1109, 1742, 1743, 
1748 

stellata, 1108 , 2041, 2106 
Table of, 1109 
Hemisporales, 1039, 1108 
Hemispore, 1037 

Hemisporomycosis, Tonsillar, 1748 
Hemisporosis, 1108, 2106 
Hemiptera, 748, 761 
References, 770 
Biting Species, 218, 219 , 369 
Hemiplegic Subtertian Malaria, 1175, 
1146 

Hemiterata, 1957 
Hemp, Indian, 132, 176, 1988 
Henoch's Purpura, 1698, 2267 
Henpuye, 1975 

Hepatic Abscess, all forms, 18, 122, 
287,317, 321, 335, 1063, 
1064, 1186, 1521, 1525, 
1834, 1836, 1875, 1893, 
1907, 1908, 1910 , 2139 
Bilharziosis, 1864 
Cocci diosis, 474 
Coccidium of Man, 476 
Enlargement, Indications from, 

1525 

Hepatitis, 1909, 1914 
Acute Severe, with Gastritis, 1906 
Amoebic, 1382 
Treatment, 1835 
Monilia in, 1091 
Hepatozoon, 483 
muris, 483 

’ perniciosum, 479, 483 
HeplaphlehomyincB, 790 
Heracleum giga n teum, 2157 
lanatum, 2157 
Hermaphrodites, 1957 
Hermaphroditism, 558 
Hermasson minutus, 810 
Hernia, 124 
Carnosa, 1610 

External and Internal, 1739 
Strangulated, 1943 
Herpes, 2053, 2264, 2269 
Corneae 

Febrilis, 2004 
Zoster, 2004 
Desquamans, 2060 
Facialis febrilis, 2269 
Farinosus, 2060 
Iris, J2266 

Vesiculosus, 1006 
Manson's, 2060 
Progenitalis, 2269 
Tonsurans, 2053 
Turner's, 2060 
Zoster, 2206, 2269 
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Herpetic type of Subtertian Malaria, 

1181 

Herpetomonas, 358, 359, 360, 361, 
362, 363, 864 ^ 3 ^ 9 f 

376. 381, 393. 397. 814. 
2193 

Infection by, 363, 364 
Hereditary, 362 
Species 

aspongopi, 372 
hombycis, 367 
biitschlii, 359, 366 
ctenocephali, 363 
ctenophthalmi, 367, 376 
culicis, 363 
davidi, 366-7 
dvosophilcB, 367 
gracilis, 367 
hospei, 372 

jaculum, 363, 866, 372 
lesnei, 367 
lewisi, 403 

372 

musceB-domesticcB, 295, 364, 866 

369 

pediculi, 363, 753 
pycnosotncB, 366 
pyrrhocori, 372 
sarcophaga, 367 
stratiomyicB, 363 
subulata, 367, 816 
vespcB, 367 

Herpetomoniasis, 868, 372 
HerpetomonidcB , 358 
References, 462 
HerpetomonincB, 358 , 1289 
I HerpobdellidcB, 685 
i Herxheimer’s Reaction, 1201 
; Heteralius, 1959 
i HeterocontcB, 923 
• Heterocotylea, 560 
j Heterokaryota, 290, 296, 644 
1 References, 550 
I Heterometrus maurus, 207 
I Venom, 210, 211 
Heteromita, 335, 336, 843 
dahlii apstena, 338 
lens, 342 
zeylanica, 343 , 

HeteromitidcB, 336 
Heteromyia, 806 
Heteromyid(S, 914 
Heteronchyia dolosa, 799 
Heterophyes, 570 
References, 595 
Species ' 

heterophyes, 570 , 1752 
Heterophyiida, 564, 570 
Heteropoda, 891 
Heteroptera, 761 
Heteropus ventricosus, 725 
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Heterotaxis, 1957 
Heterotricha, 544, 547 
Heterotypus, 1959 
Hexamastix, 351, 356 
Hexaminoarsenobenzenes, Partly me- 
thylated, 28 
Hexamita, 464 
Hexapoda, 689, 743 , 771 
Classification, 748 

Orders Important to Medicine, 
748 

Diseases spread by, 743, 2200 
Enemies, 747 
Habits, 747 

Internal Anatomy, 745-7 
Larvae, Parasitism of, 747 
Life-History, 747 
Metamorphosis, 747 
Morpholo^, 743 sqq. 
Pathogenicity, 747-8 
Pupae: three forms, 747 
References, 748 

Recent Literature, 748 
Trypanosomes of, 395, 397, 398 
Venomous Species, 21O sqq. 
Wingless, 745 

Hcxapode Dermatitcs, 2200, 2207 
H cxathyridium venarum, 567 
Hexatoma, 820 

High Atmospheric Temperatures, 137 
Intermittent Fevers, 1330 
Non-Malarial, i4()5 
Hikan, 2006 

Hill Diarrha'a, 1780, 1788, 1795 
References, 1800 

Himalayan Tribes, Arrow-poison of, 
184 

Himantariuni gervaisi, 740, 1041 
Himasthlincn, 581, 583 
Himyarites, the, 47 
Hinchazon, 1671 
Hindu Medicine, 6, 1417 
Races, 47 

Hippelaies, 902 , 1557, 1999 
flavipes, 902 
plebejus, 902 
pusio, 902 
Hippobosca, 855 

Parasites carried by, 407, 415 
Species 

catnelina, 855 
capensis, 855 
equina, 855 
maculata, 855 
rufipes, 407, 855 
Hippohoscides, 415, 854, 855 
Hippocenirum, 817, 819 
murphyi, 819 
strigipennis, 819 
trimaculatum, 819 
versicolor, 819 


Hippocrates, Writings of, lo-ii, 1824 
Hippomane mancinella, 173, 174, 

2153, 2157 

Hippopotami, Traumatisms caused 
by, 152 

Hirudinaria, 686, 687 
javanica, 687 
H'irudinea, 683 
References, 688 

Trypanosomes of, 395, 397, 398 
Hirudiniasis, 1880 
Reference, 1894 
HirudinincB, 685 
Hirudo, 686 
asiatica, 686 
hildehrandti, 686 
medianalis, 337, 338, 684, 686 
multisiriata, 684, 686 
nipponica, 686 
quinque striata, 686 
saigonensis, 686 
septemstriaia, 686 
sinica, 686 
timorensis, 686 
troctina, 686 
Histiogaster, 731 
spermaticus, 731 
Histoplasma, 359, 1076 

capsulatum, 1073, 1076, 1669 
Histoplasmosis, 1669 , 1875 
.Etiology, 1533 
References, 1670 
Histriobdellida, 688 
His-Wcrnersche Krankheit, 1501 
Hitzschlag, 1449 
Hive-Bee, Sting of, 219 
Hodgkin's Disease, 1529, 1532 
Hodi-potsy (dermatosis), 1097 
Holoceria, 820 
nobilis, 820 
Holophrya coli, 547 
Holothuria aygus, 205 
Holothurians, 205 
HoIoihyridcB, 693 
Holothyrus, 693 

coccinella, 200, 693 , 2213 
Holoiricha, 546 
Ho-louan, 1801 
Homa el Hugga, 1314 
Homa en Naxy, 1314 
Homalomyia canicularis, 852 
corvina, 365 
scalaris, 365 
HomalopsincB, 246 
Homicidal Poisons, 162, 163 sqq. 

Tendencies, 1981 
Homma Typhiusa , 1326 
Homologaster, 563 
Homoptera, 761 
Hondziekte, 493 
Honey, 94 
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Hong Kong, Medical School (Uni- 
versity), 5 

Hookworm Disease, 1761 
Hoplocephalus, 246 

Venom of, 243, 256 
curtus, 256 
variegatus, 251 
Hoplopleura, 759 
Hoplopsyllus, S64, 866, 870 
anomalus, 866, 867, 870 
Hormodendrum, 1097 
fonioynonti, 1097 
olviaceum, 1097 
Hormones, no 
Horned Viper, 250, 251 
Hornets, ‘^Hngs of, 219 
Horrocks' and Howells’ Bodies, 1901 
Horse-Flies, 815 

Horsehair as cause of Creeping Erup- 
tion, 2209 
Horsehairs, 678 

Horses, see also Equine, Diseases of, 
due to Trypanosomes, 
19-20, 391 

Parasites of, 414, 41^5, 492 
Rabies in, 152 

Ticks infesting, 714, 715, 719 
Hospital Gangrene, 959, 2182 
Phagedena, 448, 2182. 2185 
Hosts of 
Bacteria 

Infected, 921 
Propagative, 921 
Protective, 921 
Parasites 
Animal, 1 1 7 
Definitive, 873, 921 
Human, 115, 117, 

Intermediary, 115, 116, 873, 921 
Intermediate, 921 
Hottentot Race, 51, 53 
Arrow-Poisons of, 184 
House Flies, see also Fannia, S^2,and 
Musca domesiica, 903 
Common, 871 

Crusades against, i860 
Diseases and Parasites carried by, 
24, 306, 307, 316, 359, 
364. 747, 771, 873, 897 
English, 900 
Little, 904 
Tropical, goo 

Houses, Construction, etc. of, 90 
Hova, race, 55 
Howell- Jolly Bodies, 1902 
Huaxtecs, the, 60 
Human Spirochaetes, 443 sqq. 
Humidity, Effect of, on Temperature, 
67-8 sqq., see also 
Temperature and Hu- 
midity, 137 


Humma laban, 1948 
Nafas, 1948 
Hundskrankheit, 1254 
Hungarians, the, 54, 55 
Hungerpeste, 1308 
Hunting-Poisons, 187, 189 
References, 192 
Hura, 1633 

Hura brasiliensis, 2157 

crepitans, 164, 168, 2153, 2157 
Hurricanes, 82 
Husanp, 1633 
Hycenarche globosa, 184 
Hyalococcus beigelii, 1103 
Hyalodixus, 298 
Hyalomma, 710, 71 t, 720, 723 
cBgyptium, 362, 700, 723, 724 
affine, 723 
crassitavsus, 723 
hippopotamense, 723 
monstrosum, 723 
rhipicephaloides , 723 
syrtacum, 723 
Hyalospora, 471 
Hydnocarpus venenata, 187 
wightiana, 1664 
Hydatid Disease, 616, 1914 
Alveolar form, 617-18 
Hydrelaps, 249, 251 
Hydroa, 2206 

Pruriginosa, 2206 
Vacciniformi’S, 2269 
Hydrocele, 132 

Filarial, 1595. I 59 b, 1601, 1603, 

1605 

Hydrocotyle javenica, 188 
Hydrocyanic Acid, in Cassava 

172 

HydvometridcB, 762, 769 
HydrophidcB, 266, 268 
HydvophincB, 246, 249, 251 
Hydrophis, 249, 251 
Venom of, 268 
cantoris, 260 
obscurus, 251 

Hydrophobia in Man, 151, see also 
Rabies 

Hydrophobia-like Subtertian Malaria, 
1173, 1174 
Hydropneusta, 690 
Hydrops Asthmaticus, 1671 
Hydrotea, 852, 864 
meteorica, 864 , 1629 
Hydrus, 249, 251 
platurus, 251 
Hygiene, Mosaic, 10 
Prophylactic, 554 
Tropical, 89 
Hyla arbor ea, 355. 394 
Hylemyia, 852 
Hymenolepiasis, 1757 





Hymmolepis, 6oi, 602, 605, 608, 609 , 
, ^ : 1776 

References, 619 
Spedes 

diminuta, 601, 604, 600, 895, 1757 
lanceolaia, 601, 604, 611 
murina, 600 

nana, 124, 601, 603, 610 , 1757 
va.T. fraterna, 610 

Hymenoptera, 218, 219 , 748, 2200, 
2207 

References, 229 
Hymenostomata, 546, 647 , 660 
Hyoscyamine, 177 
Hyoscyamus falezlez, 164, 166 
muticus, 178 
Hyperadrenalism, 1982 
Hyperaemia of Conjunctiva, 1995-6 
of Labyrinth, Quinine-caused, 2013 
of Liver, 1908 

Hyperchlorhydria, 1029, 1749 
Hyperidrosis, 1553, 2222 , 2256, 2264, 
2272 

Symptomatic, 2222 
Hyperkeratoses, the, 2247, 2266 
Congenital, 2256 
Follicular, 2256 
Non-follicular, 2256 
of Sole, 2277 
Subungualis, 2257 
Universalis congenita, 2256 
in Yaws, 1545, 2256, 2257 
Hyperparasitism, 116, 287, 649 
Hyperpigmentation, 2231 

Diseases in which present, 1180, 
1181, 2232 
Hyperplasias, 1920 
Endemic, 1920 
of Thyroid system, 1920 
Toxaemic, 1920 
Hyperpyrexial Fever, 1462-3 
References, 1473 
in Subtertian Malaria, 1170 
Hypersarcosis, 1610 
Hypersecretion in External Auditory 
Meatus, 2012 

Hyperthyroidism, 1288, 1919, 1982 
Hypertrichosis, 2282 
Hypertrophy, Cardiac, 1904 
of Male Breast, 1939 
Prostatic, 1926 
Hyph(B, 968 
Hyphales, 1035, 1086 
Hyphomy cetacea, 1036 
Hyphomycetea, 987 
Hyphomycetes, 1036 , 2008 
Terminology, 1037 
Vuillemin’s Classification, 1037 
Hyphomycetic Ulcers, 2190 
Urethritis, I939, 1943 
Vulvo- Vaginitis, 1945 


Hypnotoxin, 204 
Hypoaemia intertropicalis, 1761 
Hypocriales, 985 
Hypoderma, 826, 827 , 1627 
bovis, 827 , I619. 1633. 1 ^ 39 , 2209 
diana, 827, 1633, 1639 
lineata, 1633, 1639, 2209 
Hypopyon, 2006 
Hypothyroidism, 1919. 1920 
j Benign Chronic of Hertoghe, 1919 
I Hypotricha, 544, 646 
i Hysteria, 1981, 1987, i 99 i 
I War Zone, 1982 
I Hysteriales, 985 
Hystfichopsylla, 865, 866 
narbeli, 866 
talpa, 369, 376, 866 
tripectinata, 866, 867 
Hystrichopsyllina, 864, 865 , 866 

lairobdella, 686 
, Icteric Fever, 1317 
' Icteric or Icteroid Typhus, 1229, 
1308 

Icterus Castrensis Gravis, 1501, 1506 , 
see also Weil's Disease 
etiology, 150O 
Convalescence, 1507 
Definition, 1506 

Diagnosis, 1507, 1517, 1519, 1522 
Differential, 1507-8, 1509 
History, 1506 

Onset, Course and Termination, 
1506-7 

Pathology, 1506 
Pigmentation, 1519 
Prognosis, 1508 
Prophylaxis, 1508 
Rash, 1517 

Rats in relation to, 1506, 1508 
Relapse, 1507 
Symptomatology, 1506-7 
Synonyms, 1505 
Treatment, 1508 

Icterus Castrensis Levis (Camp Jaun- 
dice, q.v. also), 451, 453, 
1501, 1507, 1608 
Climatology, 1509 
Definition, 1508 
Diagnosis, 1509, 1519, 1522 
Differential, 1507, 1509-10 
Onset and Course, 1509 
Pigmentation, 1519 
Prognosis, 1510 
Prophylaxis, 1510 
Symptomatology, 1509 
Stages in, 1508, 1509 
Synonym, 1508 
Treatment, 1510 

Icterus Febrilis seu Infectiosus, 1505 
Ichthyobdellida, 685 
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Ichthyosis, 1731* 2060, 2070, 2256, 

2257,2264.2281,2282’ 
Hystnx, 2281 
Tropical, 2060, 2070 
Ichthyosporidium, 534 
Ichthyothete cunabi, 188 
Ichthyotoxismus, 167^. 1674 
Idiocy. 124, 1891 
Cretinous, 1920 
Idiopathic Hyperidrosis, 2222 
Idrosis, 2222 
Ikan Satan, 235 
Ileo-Typhus, 1363 
Ilex, Mat6-yieldirig Species, 177-8 

gongonha, 178 

paraguayensis, 177-8 
thecBzans, 1 78 
Il-jarassy, 2165 
Illegitimacy, 119 
lUicium, 174 
anisatum, 174 
religiosum, 174 

Imago of Hexapoda. Presence of, 
Dermatites due to, 
2200, 2211 

Imbundi Poison in Ordeal-trials. 178 
I mmanoplasma, 491 
Immunity, 113 
Impaludisme, 1129 
Imperfect Carriage of Parasites, 921 
Impetigo, 753, 756, 2020, 2265 
Bullosa, 2023 

Contagiosa, 2020, 2025, 2203 
Primarum Viarum, 1780 
Im-Pyeng Fever, 1253 
Incas, the, 56, 57, 59, 60 
Incha9ao, 1671 
Incinerators, 1773 
Inclusion-Blennorrhoea, 539 
India, Arrow-Poisons of, 181, 184 
Cattle-Poisoning in. Drugs and 
Plants used, 189-90 
Death-Rates of, 120-2 
Diseases of, 120-2 
Europeans in, 132 
Fish-Poisons, 188 
Hunting-Poisons, 189 
Life Assurance in, 132 
Nitrogen-Excretion in, per Urine, 
100 


Snakes of, Venom of, 243 
Vegetal Poisons, 163, 164, 165, 166, 
168, 169, 170-1 
Indian Bed-bug, 766 
Dietaries, 98 
Hemp, 132, 176, 1988 
Kala-Azar, 20, 28, 372. 373, 1289, 
1670 

References, 1307 

Medicine. Early, 6, 8, 15, 21 ii, 
2116 


Indian, continued 

Oro - Pharyngeal Leishmaniasis, 
2165. 2179 

Relapsing Fever, 918. 1308. 1816 
Varieties, 1317 
Indiella, 11 01, 1107, 2137 
Dermatomycoses due to, 2041 
Species 

mansoni, 1107, 2041, 2i!;^3 
reynieri, 1107, 2122 
somaliensis, 1051, 2137 
Indiellopsis, 2138 
somaliensis, 1051 

Indigestion, Intestinal, Indications 
from, 1532 

Indische Spruw, 1780 
Indo-China. Arrow-Poison of, 181, 
184 

Diseases of, 122 
Indo-Chinese Races, 54 
Indonesian Races, 49 
Infantic^dal Poisoning, 163, 169 
Infantile Afebrile Splenomegalies, 

1303 

Beri-beri, 1690 
References, 1693-4 
Biliary Cirrhosis of the Liver, 1906 
References, 1917 
Convulsions, 122 

Diarrhoea, 120, 122, 123, 908, 1847, 

, i960 

Dysenteric, Bacillary, 184B, 1851 
Epidemic, 1847 
Dysentery, i960 
Kala-Azar, 1299 
Mortality, 120, 122, 124, 1957, 
Scurvy, 1675 

Infantilism of Malarial origin, 1182 
associated with South American 
Trypanosomiasis, 1288 

Infection, 15 

Definition, 874, 921 
Forms of, 874 sqq. 

Infections, Endemic, and Invalid- 
ing, 130 

Infectious Jaundice, see a/s<? Weil’s 
Disease, 1505 

Infective Endocarditis, 1521, 1528 
Infektionikterus, 1505 
Infektioser Fieberhafter Ikterus, 1505 
Infezione Malarica, 1129 
Inflammation of 

Liver (Hepatitis), 1091, 1832, 1906, 
1909. 1914 
Lungs or Pleura, 1521 
Nail Matrix, 2283 
Stomach, Diffuse, 1749 
Inflammatory Fever, 1229 

Laryngeal affections, 1875 sqq. 
Nasal affections, 1875 sqq. 
Pulmonary affections, 1875, 1892 
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Influenza, 1461, 1497 

Causal Organism, 933, 1497,1498, 
1521 

Diagnosis, 1498, 1521, 1526 
Differential, 1186, 1230, 1252, 

1257-8, 1337. 1395. 

1396, 1485, 1490. 1498. 
1505, 1885 
Onset, 1526 
Prophylaxis, 1499 
References, 1500 
Streptococcal Complications of, 
1521 

Treatment, 1499 
Typical attack, 1497-8 
Catarrhal type, 1498 
Cerebral type, 1498 
Influenza Estiva, 1254 
Malarica, 1254 
Infusoria, 296 
Infiisorien Diarrhoea, 1796 
Ingrowing Toe-nail, 2283 
Inguinal Glands, Enlargement of, 
1523, 1961 

Injectio antimonii oxidi, 28 
Injury-Simulating Poisons, 163, 171 
Inoculation for Smallpox practised 
in Indian medicine, 8 
Inorganic Poisons, 162, 170 
Insanity, 88, 122, 124, 1524, 1891, 
see also Lunatics, 1729 
Epileptic, 1981 

Indian due to use of Cannabis 
saliva, 176 
Post-Malarial, 1184 
Insect Carriers of Disease, 117, see 
also under Disease and 
Names of Insects 
Hosts of Protozoa, see Glossina, 
Mosquitoes, Ticks, etc. 

Tnsecta, 743 

Insectivora, Trypanosomes of, 406 
Insects, Bites and Stings of, Rashes 
due to, 1516, 1517 
in the Eye, 1995 
as Food, 94, 96 
Injurious, 117, 123, 124 
Parasites of, 364, see also under 
Names of both 

Inshup, 1700 

Insolation, see Heat Stroke, 1449 
Insurance 

Rejections, Causes for, 132 
Risks, 132,133 

Intermediary Host of Animal Para- 
site, 115, 116, 873, 921 
Intermediate Host of Animal Para- 
sites, 873, 921 
Intermittens, 1129 

Intermittent Claudication type of 
Subtertian Malaria, 1 1 79 


Intermittent, continued 

Fevers, 1137, 1464, 152b, 1538 
Chronic, 1530 
High and Low, 1530 
Malarial, 1129, 1526, 1529 
Non-Malarial, High and Low, 
1464-6 
Septic, 1529 
Malarial Otalgia, 2013 
Tick Fevers of Wyoming, 1349 
Internal or Cavity Myiases, 1622, 
1623 

Tumours, Nematodal, see Nema- 
tode section, passim 
Intertrigo, 2046 

Blastomycetica, 2092 
‘Saccharomycetica, 2047, 2092 
Intestinal Anguillulosis, 1738 
Bilharziosis, 1864 
Cocci diosis, 475 
Fevers, 1362 

Helminthic Fevers, 1520 
Invasions, 1752 

References, 1778-9 
Indigestion, Indications from, 
1532 

Infections in Enteroidea, 1523 
Myiasis, 831, 854, 900, 905, 1841, 

' 1863 

Oro-Gastro, 1222, 1620, 1621, 

1628 

Nematodiases, 1758 
Obstructions, 1739, 1753 
Oro-Gastro -Myiasis, 1222, 16-20, 

1621, 1628 
Polyparasitism, 1776 
References, 1779 
Sand, 1739 
Schistosomiasis, 1864 
Septicaemias or Toxaemias, Hel- 
minthic, 1520 

Symptoms indicative of Derange- 
ments of Alimentary 
Canal, 1520 
Taeniases, 601, 1753 
Trematodiases, 1 752 
Ulceration, 1076 

Worms, Infections due to, see 
Helminthic Infections, 
Toxaemias, etc. 

Intestines, the. Remarks on, 1739-40 
Intoxicants, see Stimulative Poison- 
ing, 174-8 

Intoxications, Tropical, see Chemi- 
cal Causes of Disease, 

161 

Intranuclear Centrosome, 381 
Intussusception, 1739 
Invaliding, 130, 1227 
Invertebrata, Parasites of, 470, 534 
Iodine for Snake- Bite, 278 
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Ionization for Pyorrhoea alveolaris, 
1740 

Ipecacuanha, 28, 1834-6 
Ipoh, or Ipulj, Arrow-Poison, 181, 
184, 185 

Ipoh aker (Malacca), 185 
IridacecB, Poisons from, 164, 167 
Irido-Cyclitis, 2006, 2007 
Iris, Ahections of, 2003, 2006, 2010 
Iritis, 2003, 2006 
Malarial, 2004, 2005 
Secondary, 2005 

Iron, Sulphate, Cattle-Poisoning by, 
189 

Irregular Low Fever, 1363 

Subcontinuous Quartan Fevers, 
1157. 1160 

Irritants, Abortifacient, 170 
Irritating Larvae 
Coleopterous, 2208 
Lepidopterous, 2208 
Ischiopagus, 1958 
Ischnocera, 751 
Island Disease, 1350 
Isodynamic Law of Rubner, 97 
Isopleura, 890 
Isosoma grande, 2216 
triad, 2216 

Isospora, 473 

bigemina, 473, 475 
hominis, 475 
Isotherms, 39-41. 62 
Itch, the, 2200, 2217, see also Scabies 
Barley, 2216 
Bicho-Colorado, 2214 
Cooly, 553, 730, 2247, 2248 
of Feet, 2214 

Copra, 729, 730, 2200, 2214, 2215, 
2248 

Cotton-Handler’s, 2214 
Dhobie, 1007, 2040, 2042 
Grain, 2200, 2216 
Grocer's, 729, 2214 
Ground, 553, 669, 1763, 1771 
Guano, 2214 
Straw, 2216 
Vanilla, 1 91, 2214 
Itch Mites, 691, 729, 731, 2217 
IxodcB, 693, 710 
Ixodea, 693 
Ixodei, 709 

Ixodes, 693, 710, 711, 720 
annulatus, 714 
autumnalis, 722 
bovis, 714, 1557 
camelinus, 724 
erinacei, 722 
hexagonus, 700, 722 
leachi, 719 
marmorata, 716 
mouhata, 706 


Ixodes, continued 
poortmani, 723 
reduvius, 722 
reticulatus, 716 

ricinus, 2 17, 487, 492, 700, 720 
rufus, 713 
sanguineus, 713 
sexpunctatus, 722 
Ixodida, 6 

i Jxodidee, 217, 694, 69G, 709 
I Ixodidea, 710 
I I xodiden, 709 
Ixodides, 693, 709 
IxodincB (syn.), 709, 710 

Neumann’s Classific'vtion, 701 
Ixodini, 709 

[xodoidea, 215-17, 691, 692, 693 sqq. 
Importance of, in Tropical Medi- 
cine, 693 

Parasitic on Man, List, 700 
References, 229, 741 
! xodiop'asma, 492 

specificum bovum, 497 

Jackal-bite, 151 
[acquinia armillaris, 188 
ladarf, i486 

j5.k-Fruit, Falling, Traumatisms due 
to, 156 

Jamaica Dog- wood, 188 
Jamaica, Vomiting Sickness of, 173, 
1233, 1695 

Jaman Dyscharagan, 2165 
I anthinosoma lutzi, 896-7, 1635 
Janus or Synccphalus, 1958, 1959 
Japan, Diets of Workers in, 99-100 
Diseases of, 122 
Medicine in, 5, 6 
fapanese the, 55 

Tapanesc River Fever, 726, 1347, 
1350 

Jarat, El, 1948, 

Jatropha, 164, 166, 173 
curcas, 164, 166 
manihot, 172 
ureus, 2153 

var. stimulosa, 2159 
Jaundice, 569, 1516 

Diseases in which present 
Acute Fevers, 1519 
Blackwater Fever, 1216, 1222, 
1223 

Pneumonia, 1507, 1508 
Relapsing Fever, 1313, 1317 
Woolley’s Fever, 1467 
Yellow Fever, 1236, 1237 
Varieties 

Bacillary, 1522 

Camp, 451. 453. 15^7^ 

1508, 1509, see also 
Icterus Castrensis Levis 
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Jaundice, continued 
Varieties, continued 
Catarrhal, 1508, 1509, 1907 
Enteric, 1507 
Epidemic, 1505 
Spirochaetal, 918 
Infective (see also Weil’s Dis- 
ease), 1505 

Malarial, 1507. 1508, 1510 
Malignant (Canine Babesiasis), 

493 

Non-Febrile, 1517 
Obstructive, 1907 
Septic, 1507, 1508 
Java, Fish-Poisons cf, 188 
Javanese, the, 55 
Jeanselme’s Nodules, 2260 
Jejen, 805 

Jelly-Fish, Stings of, 203, 204 
Jerks, the, 1986 

Jesuits and Chinese Medicine, 5 
Jettatura di Sole, 1700 
Jeun-Chsnn, 172 
Jewish Medicine, 9-10, 13 
Jigger (Chigoe), 24, 123, 124, 282, 
285, 857. 862 , 2210, 
see also Dermatophilus 
penetrans 

Jinja, 410 
Johannseniella, 805 
Joint Worm, Parasite of, 2216 
Joints, Diseases of, 1967 
Ju-ju, West African, 3 
Julidce, 689 
Juliformia, 689 
Julus londinensis, 1641 
terrestris, 1641 
Jumpers, the, 1986 
Jumping (Disease) or Lat&h, 1983 
Leech, 688 
Jungle Fever, 1129 
Juniperus sabina, 2153 
virginiana, 2153 
Jupuiala, 1700 
Jura Tree, 166 

Juxta- Articular Nodules, 123, 1063, 
1065, 1966, 2041, 2139, 
2247, 2260 

Kabure, 1589, 1590 
Kabyles, the, 46 
Kafiir Milk-pox, 1491 
Kafindo, 1698 

Kaju buta-buta Poisoning, 2163 
Kaju-rugas Poisoning, 2163 
Kakhyers, the, 49 
Kakk6, 1671, 1672 
Kaki-lem-but, 1671 
Kala-Azar, 287, 1141, 1189, 1289 , 
2180 

Anwmia in, 1903 


Kala-Azar, continued 

Bodies in, 1520, 2160 
Bone-Marrow in, 1905 
Carriers and Reservoirs, 363, 37a, 
373, 682-3 , 

Chloasma in, 2232 
Climatology, 121, 1291 
Diagnosis, 1520, 1525, 1529, 1531 
Differential, 1182, 1186, 1445, 
1688, 1767, 1914, 1953 
Insect Vectors, 363, 766, 1128 
Infection, Method of, 363, 364 
Liver Affections in, 1906 
Parasites, 363, 372, 373, 1525, 

1529. 153L 1903,. 1907 

and see Leishmania 
Purpura Eruptions in, 2267 
Spleen in, 1904 
Symptoms, 1837 
Canine. 374-5, 377 , 1299, 1303 
Cutaneous or Dermal (Oriental 
Sore), 378, 380, 2165 , 
see also Leishmaniasis, 
Dermal 
References, 2197 
Indian, 20, 28, 372, 373, 1670 

References, 1307 

Infantile, 1299, see also Medi- 
terranean, below 
Mediterranean. 1289, 1290 
iFtiology, 1299 

Causal Organism, 374, 883, 1289, 
1299 , 1907 
Climatology, 1299 
Complications, 1302 
Course, 1300-2 
Definition, 1299 
Diagnosis, 1302 
Differential, 1302-3 
History, 1299 
Onset, 1300 
Pathology, 1299-1300 
Prognosis, 1303 
Prophylaxis, 1303 
References, 1307 
Reservoirs and Carriers, 883 
Symptomatology, 1300 
Synonyms, 1299 
Treatment, 28, 1299, 1303 
Tropical, 1289 
^Etiology, 1 291 -2 
Blood in, 1293-4 
Causal Agent, 363, 883, 1289 , 
1290, 1291, 1297, 1299 
Climatology, 1291 
Complications, 1295-6 
Course, 1295 
Definition, 1289 
Diagnosis, 1296 

Differential, 1296-7, 130?, 

1307 
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Kala-Azar, continued 
Tropical, continued 
Diet, 1298 
History, 1289-91 
Incubation, 1294 
Morbid Anatomy, 1294 
Onset, 1295 
Pathology, 1292-3 
Predisposing Causes, 1292 
Prognosis, 1297 
Prophylaxis, 1298 
Reservoirs and Carriers. 363 
883 

Spread, 363, 883, 1292 
Symptomatology, i2Q4-s 
S ynonymo, 1289 
Treatment, 1291, 1297-8 
Kala-Azars, the, and Pseudo-Kala 
Azars, 1289, i 303 
Kala-Dukh, 1289 
Kala-Jwar, 1289 
Kalmucks, the, 55 
Kaltes Fieber, 1129 
Kamerun Fever, 1129 
Kameruns, Vegetal Aphrodisiacs ol, 
1172 

KamerungeschwUlste, 1972 
Kaninloma, 1876 
Kaodzera, 1260 

Kaposi’s Disease, 88, 1731, 2264, 
2266, 2281 

Karabin, 167 
Karang gatal, 204 
Kara kist, Venomous Spider, 213 
Karens, the, 54 
Karyolysus, 478 
Karyosome, 290, 291 
Kashmiri Race, 47 
Katayama Disease, 588, 593, 1589 
etiology, 1533, 1591 
Animal Reservoirs, 1591 
Causal Agent, 592, 593. 15^9. 1590, 
1591 

Climatology, 1590-1 
Complications, 1593 
Definition, 1589 
Diagnosis, 1593 
Disease resembling, 1869 
History, 1589-90 
Morbid Anatomy, 1591 
Pathology, 1591 
Prognosis, 1593-4 
Prophylaxis, 1594 
References, 1594 
Stages in, 1592 
Symptomatology, 1 591-2 
Synonyms, 1589 
Treatment, 1594 
Varieties, 1592-3 
Katayama nosophora, 592 , 1590 
Katipo, Venomous Spider, 212 


Kaumpuli, 1416 
Kawa, 176 
Kawain, 176 

Kedani Disease, 1350, see also 
Tsutsugamushi Fever 
Kedani (mite), 726 

Kedrowsky’s (Leprosy) Bacillus, 1647 
Keereenagoah, 2115 
Keerenagrah, 2110 
Keloid, Auricular, 2011 
Tattooing, 2239-40, 2241 
Kendal’s Disease, 1229 
Kenyahs, Arrow-Poison ol, 185 
Kerandel’s Symptom, 1273 
Keratitis. 1063, 2006, 2138 
Dendritica, 2004-5 
Marginalis superficialis, 2005 
I^irenchymatosa circumscripta, 
2005 

Phlyctenular, 2002 
Profunda, 2005 
Punctaf . leprosa, 1056 
Keratodermia, 2256 
Cribrata, 2257 
Punctata, 2257 

Symmetrical, of the Extremities, 
2259 

Plantare Sulcatum, 2257, 2258 
Keratomycosis, 1113, 1114, 2008 
Aspergillina, 1031 
Keratosis, 2256 
Palmaris, 2257 
Pilaris, 123 
Plantaris, 2257 

Kerion, 1004, 1005, 1006, 2057 
Barba?, 1008, 2^44, 2058 
Cclsi, joof) 

Kernig’s Sign, 1483, 1485, 1514, 1524. 
1528 

Kcridszia, 792 
Kharsivan, 27 

Kliartoumensis Pareiitericus, 1406, 
1408, 1412 

Khas, the, 54 
Kho-sam Powder, 1836 
Kiegelia africana, 188 
Ki-mo, 1535 
King-Cobra, 247 

Kinetonucleus, 290, 330, 331, 337 ^ 

3l^L 3^2 

Kiiinup Poisoning, 106-7 
Kirghizes, the, 55 
Kirinagras, 2116 
Kirudeo, 2110 

Kitajima’s Lachesis favovividis Serum, 

273 

Klimafieber, 1129 
Klinophilos, 762 
Klossia, 474 
Klossiella, 474 
Knokkelkoorts, 1244 
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INDEX 


^S54 


Koch's Bodies, 490 
Kohlbrugge’s (Hyphomycetic) theory 
of Sprue, 1781 
Kohler, Tropical, 76, 1981 
Kola Nut, 177 
Kolaimn, 177 
Kombi Arrow-Poison, 182 
Komlah, Venomous Caterpillar, 222 
K6nje Mdrree, 1260 
Koormat, 235 
Kopts, the, 47 

Korean Continued Fever, 1335 
Koreans, the, 55 
Koris, 762 

Korsakotf type of Subtertian Malaria, 
1175. 1176 
Kosharriddki, 1610 
Kota- wen, 1416 

Kousso Flowers for Tirniasis, 1753 
Kp\^esi Race, 51 
Krahbea, 605 
grandis, 605 
Kraetze, 2217 
Kraits, 247 
Kra-kra, 2053 
Kreechkrankheit, 1639 
Krempf's Splenomegaly, 1303, 1306 
Kreotoxismus, 195 
Kru Race, 51 
Kubisagari, 1982 
Kunteb Fly, 81 1 

Kurloff’s Bodies, 432, 434. 457, 

1Q02 

Kurrakan (cereal), 1340 
Kurunegala Fever, 1129 
Ulcers, 2021 

Kussmaul’s Coma, 1924 

Subtertian Malaria resembling, 
1173, 1174 

Kwan's Fluke, 368, 569 , 1732 
Reference, 594 
Kyass Arrow-Poison, 184 
Kyoto Fever, 1467 

Laa La-negulo, 1260 
Laboratories in British Colonics, 29 
Laboratory work in Diagnosis, 
1511-12. 1332 
Lahoulbeniales , 983 
Labyrinth, Quinine-caused Hypcr- 
aemia of, 2013 
Lacerta agilis, 355 
LacertcB, Haemogregarines of, 437 
Laceriilia, 242, ,278 
References, 281 
Lachesis 250 

Venom, 256, 260, 269, 290 
Serum for, 273 
Species 

anamallensis, 250, 236, 259 
borneensis, 251 


Lachesis, continued 
Species, continued 
flavoviridis , 251, 259 
gramineus 

Venom of, Antisera Ineffective 
for, 272, 273 

lanceolatus, 250, 251, 253, 259 
mutus, 251, 487 
sumatranus, 251 

Lachrymal Concretions, 2008, 2009 
Sac, as source of Eye-Infection, 
2002 

Sporotrichosis of, 2010 
Lacquer-Poison, 191-2, 2157 
Lacquer Varnish, action of, on Skin, 
21 31 

Lactation, Prolonged, Anaemia due 
to, 1903 

Lacteal Fever, 1948, 1951, 1953 
Lady Health Visitors, 1956, 1939 
Lcelaps, 693 

echidninus, 480, 483, 693 
Ltsmopsylla, 859, 869 
cheopis, 869 
cleopatrcB, 376 
Laftc, 235 
La Gale, 2217 
Lagenaria vulgaris, 190 
Lagocheilascaris, 623, 653, 657 
References, 682 
Species 

j minor, 623, 657 
I Lagophthalmos, 2006 
I Lahooh, 1700 
j Lahore Sore, 378 
I Lalangola, 1260 
I Lamhlia, 466, 1833 
infestinalis, 18 

Lamb’s Anti-Snake Venom Sera, 
272-3 

Lamellibranchia, 890 
Lamus, 767, 768 
i geniculatus, 881 
' infestans, 882 

megistus, 388, 390, 427, 429, 768 , 
' 881, 882, 1283, 1288, 
sordida, 882 
Land Leeches, 683 
Wind, the, 81 

Lanfranchi's Laboratory Trypano- 
some Infection, 1259 
Langhan’s Cells in Lepi'osy, 1651 
Lankesterella, 478 
ranarum, 488 
tritonis, 488 
Lankesteria, 471 
Lankoides, 935, 938 , 1362, 1406 
ceylonensis, var. A and B, 938 
giniottensis, 938 
madampensis, 938 
pyogenes, 735, 938 
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Lanolated Seed-Lymph for Vaccina- 

tion, 1493, 1494 
Lanthanotida, 279 
LctUrthufiothis hovfiBCfisis, 279 
Laos,' the, 54 
Laportea, 2158 
canadensis, 2153 
crenulata, 2158 
stimulans, 2158 
Lappa majus, 2152 
officinalis, 2152 
Lapps, the, 55 
Larrey-Weil Disease, 1505 
Larva Migrans, 1639, 2208 
Larvae, Dipterous, 771, 895, 1631 
passim, 2207-8, see also 
Myiasis, 1619 
References, 2221 
in Ear, 2011 
in Eye, 2007 


Herpetomonads in, 365, 367 
Larvicidal Fish, 789, 1208-9 
Larvicides, 1208-9 
Larvofilaria, 873, 896 
Laryngeal Stridor, Indicative of Diph- 
theria, 1521 

Larynx, Inflammatory and other 
Affections of, 1875 sqq. 
Lasianthus flavescens, 184 
Lasiosiphon eriocephahts, 187, 190 
speciosus, 170 
Latah, 1981, 1983 
^Etiology, 1983-4 
Allied Complaints, 1986 
Climatology, 1983 
Definition, 1983 
History, 1983 
Medico-Legal Aspect, 1987 
Prognosis, 1987 
Symptomatology, 1984-6 
Synonyms, 1983 
Treatment, 1987 
Varieties, 1986 

Latent Malaria, 1142, see also 
Malaria 

Plague, 1418, see also Plague 
Lathyrin, 196, 197 
Lathyrismus, 195, 196 , 1688 
References, 202 
Lathyrus aphaca, 196 
cicera, 196 
clymenum, 196 
sativus, 196, 198 
tuberosus, 196 

Latin synonyms for Enteric, 1363 
Latirismo, 196 

Latrines for Ankylostomiasis Prophy- 
laxis, 1772 
Latrodectus, 212 
mactans, 212, 214 
scelio, 212, 214 
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Laurer’s Canal, 537, 558, 560, 563. 
574. 575. 581. 582 

Laveran, Pioneer-founder of Tropical 
Medicine, 16, 18 
Laver ania, 504, 517 , 1219, 1273 
danilewskyi, 513 

malaricB, 16, 510, 512, 513, 517 , 
889, 1129, 1130 sqq. 
1143. 1115 . 1148. 

1152 sqq., 1160, 1164, 
1165, 1167, 1168, 1179, 
1182, X20I, 1202, 1213, 
1214, 1218, 1221, 1836 
Crescent Bodies in, 518, 1130, 
1201-2 

ranarum, 488 

Laveranic Dysentery, 1825, 1886 
References, 1863 
Lead-Poisoning, 170, 189 
Lebbre, 1644 

Leberabzess, Tropischer, 1910 
Lecithin, no 

Leech-Bite in relation to Ulcus tro- 
picum, etc., 685, 2182 

Leeches, 683 

Parasites carried by, n?. 3^8. 

365. 388, 389, 394, 395, 
397. 398, 400, 401, 480, 
486, 488 
Jumping, 688 
Marine, 488 
Medicinal, 686 
Water, 683 

Invasion by, 1880 
Leg(s), Barbados, 1610 
Cochin, 1610 
Elephant, 1610 

Elephantiasis of, 1595, 1597, 1611 
Galle, 1610 

Purulent Folliculitis of, 2027, 2029 , 
2036 

References, 2038 
Ulcerating Nodules of, iioi 
Ulcerative Disease of, 123 
L6ger’s Disease, 1309 
Legumes in Diet, 105 
LeguminoscB, Dermatitis-causing, 

2153. 2154. 2159 

Poisons derived from, 163, 164, 
167, 172, 178, 181, 184, 
188, 189 

Lehedanpachanai, 1824 
Leishman Nodules, 2165 
Leishman-Donovan Bodies, 1525, see 
Leishmania 

Leishmania, 20, 358, 359, 360, 361, 
869 , 406, 490, 1529, 
1531. 2035, 2085, 2193 
Insects Carrying, 23, 375, 376, 377, 
766 

Pathogenicity, 369 
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Leishmania, continued 
References, 462 
Species 

hrasiliensis, 2176 
donovani, 20, 21, 23, 269, 370 , 372, 
379 , 763, 766, 883, 
1289, 1290, 1291, 1297, 
1299, 1305. 1837. 1907, 
2167, 2180 

■^var. archibaldi (Sudan species), 
369-70, 373 
furunculosa, 378 
infantum, 20, 23, 369, 373 , 377-8, 
883, 1299, 1967 
niloiica, 2172 

tropica, 369. 378 , 2165, 2167, 

2171, 2173, 2176, 2186 
var. americana, 369, 380, 1740, 

2172, 2175, 2176 
var. hvaziliensis, 380, 2176 

Leishmania Infantum Anaemia, 1299 
Leishmania-like Bodies, 2019 
Leishmaniases, 1289, sec also Kala- 
Azar 

Symptomatology, 2178-9 
Synonyms, 2175 
Treatment, 2179 
Leishmaniasis 

Etiology, see Leishmania above 
Carriers and Reservoirs, 882-3, 
2168 

Climatology, 123, see Various 
forms 

Definition, 2175 
Diagnosis, 2179 
References, 1307 
Symptomatology, 2178-9, and see 
each form 

Synonyms, 1289. 1299. 1536, 

1559. 2175 

Treatment, 364, 2179 
American, Muco-Cutaneous Naso- 
Oral (Espundia, q-v.), 
363. 1741, 2165, 2175 , 
2180, 2185 
References, 2199 
Treatment, 28, 1290 , 2196 
Cancerosa. 2175 
Canine, 374-5, 377 - i^ 90 , 1303 
Dermal or Cutaneous (Oriental 
Sore), 20, 120, 363, 377, 
379, 380, 882, 908, 2035, 
2165 , 2167-8, 2171. 

2173, 2180, 2186, 2190 
References, 2197 
Transmission, 2166, 2169-70 
Treatment, 2173-5 
Varieties, 2171 -3 

Indian Oro-Pharyngeal, 2165, 2179 
Leishmanic Dysentery, 1825, 1837 
References, 1863 


Lemmings, 915 . 

Lemon -Juice in Bicho, 1871, 
1872 

Lent Fever, 1362 
Lentigo, 2281 
Lepidophthirius, 759 
macrorhini, 759 
Lepidophyton, 1017, 2065 
Lepidophytosis, 2060 
Lepidoptera, 748 

Infestation by, 1639, 1640 
Venomous Species, 218, 222-3 
Reference, 229 

Lepidopterous Larvae, Irritating, 
Dermatites due to, 
2208 

Lepidoselaga, 817 
lepidoia, 817 
Le Pita, 2059, 2063 
Leporidee, 914 
Lepothrix (disease), 2101 
Tropical, 2101 
Lepra Cells, 1651 
Lepra Italica Maidica, 1700 

Maculo-Anaesthetica, 1654, 1^59 
Tuberculosa, 1654 
Lepre, La, 1644 
Leproma, 1651 
Lei)romata in Lungs, 1653 
Leproses, 1706 

Leprosy, 9, ^2, 905, 1644 , 1701, 

1981, 2117 

etiology, 1533, 1647 
Blood in, 1657 

Causal Organism, 22, 965, 

1040, 1644 , 1645, 1647, 

1653 

Climatology, 120, 122, 123, 124, 

1646 

Complications, 1663 
Ocular, 2006 
Definition, 1644 
Diagnosis, 1663-4 

Differential, 1595, 1664, 2099, 

2230, 2234, 2244, 2252 

History, 1644-6 

Hyperkeratosis, Non - follicular, 
in, 2256 

Hyperpigmentation in, 2232 
Infection-problems, Insect Vec- 
tors, etc., 732, 813, 876, 
*908, 1356, 1644, 1648 
sqq., 2215 
Keratoses of, 2257 
Morbid Anatomy, 1652-3 
Pathology, 1650-2 
Prognosis, 1664 
Prophylaxis, 1647, 1649, 1666 
References, 1667-8 
Symptomatology, 1653-4 
Synonyms, 1644 
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Leprosy, continued 
Treatment, 2157 
Chaulmoogra Oil, 1664, 1665 
Nastin, 1666 

Sodium Gynocardate, 1665 

Biblical 10. 1335, X644 

Maculo- Anaesthetic, 1654, 1659 

Mixed, 1663 

Nerve, 1659 

Nodular, 1654 

Smooth, 1654, 1659 

Tubercular, 1654 

Ear Complications and Affec- 
tions, 2013 

Ey^-affections in, 1654 sqq., 2006 
Urine in. 1659 
Leprotic Fever, 1515 , 1654 
Patches, Anidrosis in, 2224 
Ulcers, 2190 
LeptidcB, 773, 814, 823 
Leptis, 823 

scolopacea, 823 
strigosa, 823 

Leptocercous Cev caries, 559 
Leptocimex, 766 
boueti, 766, 882 
Leptoconops, 802, 803 
hezzii, 803 
interruptus, 803 ' 
irritans, 803 
kertiszi, 803 
lauvcB, 803 
stygius, 803 
torrens, 803 

Leptocoris trivittatus, 372 
Leptodera, 623, 627, 628 
annulata, 245 
intestinalis, 628 
niellyi, 627 
pellio, 623, 628 
Reference, 681 
Leptomitus, 2008 
Leptomonas, 358, 361 
butschlii, 359 
drosophilcB, 359 
musca-domesticcs, 365 
Leptospira, n.g., 447, 1506 
icterohcsmorvhagica, 447 
Leptotheca, 529, 1506 
Leptothrix, 1068 , 1748, 2101 
buccalis maxima, 1068 
filiformis, 1068 
innominata, 1068 
maxima, 1068 
oculorum, 1066 
placoides, 1068 
racemosa, 1068 
Leptus akamushi, 1352 
autumnalis, 2213 

Leptus stage of unknown Trombidium 
in N. Queensland, 2214 


Lessertia annularis, 189 
Letargia dei Negri, 1260 
Leucanthemum vulgare, 2152, 2153 
Leucocytes, 1897, ^898 

Puzzles connected with, 1902 
Leucocythemia, 1307, 1903 
Leucocytosis, 1900 
Leucocytozoon, 358, 431 
Classification, 477 
Species 

I herestneffi, 435 

I canis, 483 

! caulleryi, 435 

danilewskyi, 432 
funambuli, 486 
lebceufi, 435 
lovati, 431, 432, 435 
macleani, 435 
majoris, J35 
mansoni, 435 
marchouxi, 435 
martini, 435 
muvis, 48 3 
neavi, 435 

piroplasmoides, 360, 1076 
sabrazesi, 435 
sakharoffi, 435 
smiihi, 435 
tnddi, 435 
ziemanni, 431, 432 
Leucoderma, 85, 2222, 2227 
Ai^tiology, 2228 
Climatology, 123, 124, 2229 
Diiferential Diagnosis, 2077, 
2099, 2230 
Pathology, 2228, 

Prognosis, 2230 
Symptomatology, 2228-9 
Synonyms, 2227 
Treatment, 2230 
Varieties, 2229-30 
Congenital, 2230 

Diffuse, in relation to Natives as 
Employees, 131 
Leucodermic Patches, 1664 
Lciiconychia, 2283 
Punctata, 2283 
Striata, 2283 
Totalis, 2283 

Leucopathia, Acquired, 2227 
Congenital, 2230 
Leucopenia, 1899 
Leucophrys coli, 547 
Lingual, 1746, 2283 
Leucoplalda, 1741 
Leukaemia, 1516, 1895, 1900, 1903 
Differential Diagnosis. 1305, 

1525, 1529. 1531 

Lymphatic, 1903 

Spleno-medullary, 1303, 1903, 

1905 
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Leukasmus. Acquired, 2227 
Congenital, 2230 

Lewisonella {T^^anosoma) , 401, 402, 

lewisi, 402, 408 
Leydenia gemmipara, 326, 327 
Lice (Louse), see also Hcematopinus, 
Pediculi, Phihirius,Poly- 
plax, etc., 542, 608, 751, 
752 sqq., 895 
Bites, 218 

Destruction of, 9, 1338 sqq., 1503 
Diseases and Parasites carried 
by, 30. 442, 443, 479, 
757. 897, 917. 920, 

1326, 1^29, 

133L 1332. 1423. 1527. 

1650 

Biting {Mallophaga, q.v.), 749 
Crab. 757 
Dog, 608 

Plant-infesting, 70 1 
Pubic, 757 

Sucking lAnoplura, q.v.), 749 
WaU, 763 

Lichen, 2264, 2272 
Acuminatus, 1496 
Convex, 1497, 2247, 2251 
References, 2263 
Miliar Pruriginosus, 2225 
Nitidis, 2273 
Pilaris Convex, 2251 
Planus, 2249, 2257, 2264, 2272 
Scrofulosum, 2277 
Spinulosus, 2272, 2273 
Tropicus, 2225 
Urticatus, 2217, 2267 
Lichen Vaccine, 1496, 1516 
Lichenification, 2252 
Lichtheimia, 974, 1886, 1891 
corymbifera, 974 , 976, 2011 
ramosa, 974 , 2011 
life Assurance, 131 
Life of Europeans in the Tropics in 
relation to Enteric, 13 73 
Life-Expectation in Tropical Natives, 

133 

Life, Tropical, Fitness for, 127 
References, 134 

Ligation for Poisoned-Arrow Wounds, 
181 

Light, as Causing Disease, 88 
Eye-Injuries from, 2004 
Tropical, 86 

Light-Reflex, loss of, in Sleeping 
Sickness, 2006 
Lightning- Stroke, 142, 146 
Ligula mansoni, 606 
LiguUna, 601, 604 
Reference, 619 
Liliacea, 163, 164, 169, 191 


Liliwa, 1604 
LimacodidcB, 2208, 2221 
LimatincB, 790, 801 
Limatus, 801 
Limax, 322 
agresiis, 355 
amoehcB, 322 
Limncea, 892, 894 
humilis, 892 
ouhonensis, 892 
stagnalis, 892 
truncatula, 892 
viator, 892 
LimnceidcB, 892 
Limnatis, 683, 686 
Limnobdella, 686, 687 
australis, 687 
grandis, 687 
mexicana, 687 

Limosina punctipennis, 898, 900 > 

Linacece, 2153 

Linear Whitening of Nails, 2283 
Lingua Nigra, 1061, 1074 
Lingual Ahections, 1061, 1074, 1746, 
2883 

Linguatula, 733 
proboscidea, 733 
quadriunicinata, 738 
sevrata, 738 , 1881 
tcBniodes, 733 

Linguaiule nwniliforme, 736 
Linguatuliasis, 1881 
Linguatulida, 690, 732 
References, 742 
Species 

armillata, 734 
constricta, 734 
LinognathincB , 759 
Linognathus, 759 
Ltnum usitaiissimum, 2153 
Lions and other FelidcB, Trauma- 
tisms due to, 148 
Liorhynchus, 630 
Liotheida?, 751 
LiparidcB, 222, 2208 
Lipognatha, 752 
I Lipoids, 96, 97, 107, no 
Lipomata, 123 

of Ear, 2010, 2247, 2252 
of Porters, 2247, 2253 
Lipomatosis, Subcutaneous, Nodu- 
lar, 2247, 2253 
Lipoptena, 855 

I Lips, Affections and Diseases of, 2284 
Cancer of, 1741 
Pseudo-Colloid of, 1746, 2284 
Seasonal Recurrent Ulceration of, 
1746, 2284 

* Lipurus baculus, 750 
! Lithium Antimonyl Tartrate, 28 
1 Lithobiid(S, 740 
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Lithobius, 740 
fortificatus, 740 , 1641, i88i 
melanops, 740 , 1641, 1881 
Little Fever, 1363 
little House-Fly, 904 
Liver, see also Hepatic 

Acute Yellow Atrophy of, 1224, 
1507. 1508, 1906 
Cirrhosis of, 1587, 1906 
Biliary, Infantile, 1906 
Reference, 1917 
Malarial, 1906-7 
Post-Malarial, 1184 
Coccidium of, in Man, 476-7 
Congestion of, 1906, 1908 
Diseases of, 1906 
Climatology, 124 
References, 1918 
Enlargement of, 1526, 1659 
Malarial, 1153, 1155, 1 156- 
Growths on, Malignant, etc., 1907 
Hyperaemia of, 1908 
Inflammation of, 1091, 1832, 1906, 

1909, 1914 

Necrotic Areas on, 1076 
Protozoal Parasites in, 1907 
Rupture of, Traumatic, 1907 
in Schistosomiasis, 590 
Reference, 1918 
Syphilitic Gumma of, 1914 
Tropical, 1525, 1906, 1908 
Liver Abscess Amoebic and other, 
18, 122, 287, 317, 321, 
335, 1063, 1064, 1186, 
1521, 1525, 1834, 1836, 
1875, 1893, 1907, 1908, 

1910 , 2139 

Liver Fluke, 557, 565, 1752, see also 
Fasciola hepatica 

Liverpool School of Tropical Medi- 
cine, 20, 29 

Living Skeleton Disease, 1924 

Lizard-Bite, 12 

Lizards as Fly-catchers, go 8 

Parasites of, 353, 355, 401, 480, 
485, 487-8, 516 
Venomous, 278-g 
Loa, 623, 645 
LoascecB, 2153 

Loa loa, 285, 623, 645 , 816, 820, 821, 
896, 1972, 1973, 2007 
References, 681 
Loa loa Dermatitis, 2219 
Lobelia nicotiancefolia, 190 
Lobosa, 298 

Lobule of Ear, Deformities of, 2010 
Fibromata of, 2011 
Lipoma of, 2010 
in Tubercular Leprosy, 2013 
Local Winds, 81 
Locomotor Ataxy, 1688, 1981 


Locomotory System in Frambossia, 

15^2 

Locust-Excreta in Water, 1862 
Locust-Poisoning, 191 
Loempoe, 1671 

Loeschia {see also Amoeba and Enta- 
moeba), 285, 298, 300, 
301 , 307. 316-17, 355. 
883, 1273, 1777, 1827 
References, 328 
Species 

in Animals, List of, 321 
Classified by Habitat, 301-3 
Doubtful, 318-20 
brasiliensis, 302, 320 
buccalis, 302 
biitschli, 302, 320 
cobay CP, 321 

coli, 288, 292, 301, 302, 303 , 306, 
307, 310, 312, 318, 320, 
321, 323, 1826, 1832, 

1945 

deninlis, 302 
dy sentence europece, 302 
enterica, 321 
fecal is, 321 
galloparvcB, 321 

gingivalis, 302, 303, 317 , 1740 
havtmanni, 302, 319 
hartulisi, 303 

histolytica, 287, 288, 302, 303, 
306, 307, 308 , 323, 476, 
877, 1184, 1820, 1827, 
1831, 1832, 1833, 1907, 
1910, 1931, 1932, 1933, 
1944, 1945 
Nomenclature, 308 
Recent Work on, 310 sqq. 
hominis, 303 
Nomenclature, 308 
intestinalis, 321 
niaxillaris, 302 

minuta, 302, 303, 312, 316, 319 
minutissima, 302, 320 
miurai, 303 

mortinatalium, 302, 320 
muris, 304 , 321 
nana, 302 

nipponica, 302, 819 
nutialli, 308, 321, 1910 
phagocytoides, 319 
pulmonalis, 302 
rananim, 313, 321 
tenuis, 320 
tetragena, 302, 1826 
tropicalis, 302, 318 
undulans, 302, 319 , 353 
urogeniialis, 302 
williamsi, 302, 320 
Loeschice, 1910 

Loeschial Dysentery, 287, 1825 
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Lpeschiasis, 287, 1825 
Loganiacea, 163, 164, 168, 178, 181, 
184, 186, 2153 
J^iasis, 1967, 1971, 1972 
Loliin, 198 
Loliismus, 195, 198 
References, 202 

Lolium temulentum, 195, 197, 198 
Lombardische Aussatz, 1700 • 
London School of Tropical Medicine, 

29 

Lophocelomyia, 792 
LophocercaricB, 558 
Lophophyton, 989, 1014 
gallincB, 1014 

Loss of Blood due to Leech-Bites, 
683 sqq. 

of Taste, Post-Malarial, 1184 
Lota, 2093 

Louse, see Lice, above 
Louse-Group of Relapsing Fevers, 

918. 1808 

Lousing as Typhus Prophylaxis, 1338 
sqq. 

Low-Cast ellani’s Symptom, 1273 
Low-Country Morning Diarrhoea, 
1780, 1796 
Low Fever, 1363 
Aneeraic, 1470 
Irregular, 1363 
Heat Fever, 1530 
Intermittent Fever, 1530 
Non-Malarial, 146^-5 
Protein Dietaries, 107 , 119 
Loxaspis, 762, 766 
barboris, 766 
mirandus, 766 
seminiteus, 766 
Luargol, 28 

Lucilia, 307, 365, 832, 848 , 1632 
argyrocephala, 1632 
ccBsar, 848, 900, 1626, 1629 
hominivorax, 847, 1625 
macellaria, 847 
nobilis, 848, 1626 
regina, 848, 1629 
serenissima, 397 
sericata, 848, 1639 
Ludwig's Angina, 1949 
Ludyl, 27-8 
Lues, 1416 
Lumhricus canis, 655 
Lumpy-jaw of Cattle, 2130 
Lunacy. 1081, see also Insanity 
Lunatics, Chronic Eczema of, 1729 
Pellagra in, 1729 
Lund’s Larva, 850, 1637 
Lungs, Affections of, see also Pul- 
monary 

Abscess of, 335, 1949 
Amoebae in, 320 


Lungs, continued 

Aspergillosis of, 1031, 2008 
Diseases of, 1528 
Gangrene of, 1949 
Inflammatory and other Affections 
of, 1875, 1892 
Lepromatain, 1653 
Mucormycosis of, 975, 976-7 
Mycosis of, 974 
Pseudo-Granulomata of, 1076 
Symptoms in, indicative of Res- 
piratory Disorders, 1521 
Tisnia echinococcus in, 1907 
Luohai Race, 54 
Lupani tono, 1535 
Lupus, Climatolo^, 123 

Diflerential Diagnosis, 2195, 2196 
Endemicus, 2165 
Erythematosus, 2277, 2278 
Vulgaris, 2277 
Lycopsylla, 865 
Lycosa singoriensis, 212 
Venom, 213 
tarantula, 213 
Venom, 213, 215 
LycosidcB, 212 
Venom of, 213 
Lyctocoris, 766, 767 
campestris, 763 , 767 
hospes, 370 
militaris, 372 

Lymph, Diarrhoea, 1608, 1610 
Extravasations, Filarial, 1608 
Gland Enlargement, 1523, 1529, 

1532. 1551-2. 1587. 

2253 

Scrotum, 639, 159b, 1601, 1605 
Filarial, 1595, 1596, 1601, 1605 
Lymphadenitis, 226 

Filarial, 1523.. I 595 . 1964 
Lymphangiectasis, Filarial, 1603, 

1605 

Lymphangiomata, 2273 
Lymphangitis, 226, 552, 631 
Equine, 1072 
Filarial. 1595, 1604 
Gummatous, 1118, 1124 
T^ymphatic Ascites, 1608 

Gland, Varicose, of Filarial origin, 
1595. 1599, iboi, 1603, 
1608 

System, Derangements of. I'JiQ. 
1522 I 

Diseases of, 1961 
References, 1966 

Varix, Filarial, 1595, 1599, 1603, 

1605 

Lymphocele, 1608, 1610 
Lymphococcus , 1600 
Lymphocytes, 1897 
L3rmphoc3ftosis, 1900 
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Lymphocytozodn cobaye, 434, 455 
Lympho-Fibromatosis, 2262 
Lymphohamatocytozoon parvum, 498 
Lymphosporidium equi, 1076 
Lymphuria, 1608 
Lynchia, 526, 855 

Lyozodn atrophicans, 539 , 541, 2001 
Lyperosia, 832, 837 
aids, 837 
exigua, 837 
flavoherta, 837 
irritans, 837 
longipalpis, 837 
minuta, 837 
pallidipes, 837 
potans, 837 
punctigera, 837 
ruflpalpis, 837 
schillingsi, 837 
thirouxi, 837 
titillans, 837 
Lytia vesicatoria, 172 

Mabinzu (larva), 850 
Machoira, 235 

Macies Pcrniciosa, 1919. 1924 
McConnell’s Fluke, 577 
Macrobdella, 686, 687 
sestertia, 687 

Macro-, and micro-conidia, 969 
Macrodactylism, I959 
Macrogametocyte, 294 
Macrogasier platypus, 732 
MaoronemcB, 987 
Macronucleus, 290 
Macfopsylla, 865, 866 
hercules, 866 
Macrostoma, 349 
caulleryi, 349 
mesnili, 356 

Maculae, Mongolian, 2237 
Macular Fever of Tunisia, 1467 
Maculo- Anaesthetic Leprosy, 1654, 

1659 

Madhumeha, 1924 

Madura Foot, 1062, 1123, 1595, 2110 , 
2111 , 2112, 2148, 2149, 
2223 

Madurella, iioi, 1104 , 1105, 2041 
Dermatomycoses due to, 2041 
Species 

hovoi, 2041, 2121 
mycetomi, 1104, 1105, 1106 , 

2041, 2121, 2125 
tozeuri, 1105, 1106 , 2041, 2121, 
Madurese, the, 55 
Maduromycoses, 2110, 2112 , 2117 
iBtiology, 1104, 1105, passim, 
2120 

Botanical and Zoological Distri- 
bution, 2120 


Maduromycoses, continued 

Climatology, 1104, 1105, 2118 
Definition, 2112 
Diagnosis, 2129 
Grains in, 2120 
History, 2112 sqq. 

Pathology, 2123 
Prognosis, 2129 
Prophylaxis, 2130 
References, 2150 
Symptomatology, 2128 
Treatment. 2129 
Varieties, 2120 
Black 

^Etiology, IIOI, 1104, 1106, 
1114, 1116, 1123, 2112, 

2113 , 2120 

Morbid Anatomy, 2124 
African, 1116, 2118, 2120, 2121 
American, 2120, 2122 
Asian, 2120, 2222 
European, 2120 
Red, 2114, 2120, 2123 
White or Yellow, 2114, 2119, 2120, 
2122 

ylitiology, iioi, 1122 
African, 2120, 2122 
Asian, 2120, 2123 
European, 2120, 2122 
Magahua, the, 56 
Magberi, 173 

Magic, in Medicine, 3 sqq., 51 
Magnesium Sulphate, 170 
Magnoliacece, 174 
Magyar Race, 54, 55 
Mahamari, 1416 
Maidismus, 1700 
Maize, 95, 105 

Fungi affecting, 1 71 2-1 3 
Majun, 176 
Mai d' Arouse, 1704 
d’ Asturias, 1700 
de Bocha, 1745 
de Caderas, 20, 391, 414 
de Cayenne, 1610 
de Chicot, 1536 
de Coeur, 1761 
du Coit, 41 1 
d’Engasgo, 1750 
del Higado, 1700, 1704 
de Meleda, 2259 

d'Estomac (Ankylostomiasis), 1761 

d’Estomac (Geophagy), 1749 

del Padrone, 1700, 1701 

del Pinto, 2093 

de los Pintos, 2093 

de la Rosa, 1700, 1701, 1703, 1704 

Rosso, 1700 

de Saint Amans, 1700, 1704 
de Sainte Rose, or Rosa, 1700, 
1704 
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Mai des Saintes Mains, 1 700 
della Secca, 1254 
del Sole, 1700 
della Spienza, 1700 
della Vipera, 1700 
Malabar Swellings, 1181 
Malacca, Arrow-Poisons of, 184, 

185 

Rat-Poison of, 191 
Malaohe, 2159 

hirsuta, 2153, 2159 
Malacobothrii, 560 
Malacodermata, 2208 
MalacophycecB, 1071 
Malacotylea, 560 
Malacozoa, 889 
Maladie(s) 
de Ballingall, 2110 
de D^pigmentation, 2227 
Filariennes, 1595 
de Gilles de la Tourette, 1986 
des Plongeurs, 204 
de Siam, 1229 
du Sommeil, 1260 
des Sucreries, 1671 
de la Teste, 1700, 1705, 
de Weil, 1505 

Malaria, 9, 25, 131, 1129, 1863, see 
also Malarial Fevers, 
and Each Form of Ma- 
laria under Name, below 
etiology, 285, 876, 1129, 1130, 
1131, 1132, 1202-3 
Exciting Causes, 1132 sqq. 
Predisposing Causes,! 1 3 2, 1142 
Air-Temperature as Factor in, 
1138-9, 1203 

Amyloid Changes in, 1146, 1156 
Anaemia in, and after, 1150, 
II 51-2, 1156, 1164, 

1169, 1903 

Blood-Conditions in, 1144, 1148, 
1899, 1900 

Bone-Marrow in, 1153, 1154, 
1155, 1156, 1905 
in Children 

Convulsive type, 1175 
Prognosis, 1187 
Quinine-Dosage for, ii 91, 1192 
Chills in, 1147, 1148 
Climatology, 120, 122, 123, 124, 
884 sqq., 1138, 1139. 
1143 

Complicating other Diseases, 149, 
1169, 1388-9, 1687, 1836 
Complications, 1169, 1184, 1187, 
1718, 1727, 1836, 1890 
Aural, 2007, 2013 
Ocular, 1 1 81, 2004, 2005, 2007 
Convalescence, Treatment in, 
1198 


Malaria, continued 

Diagnosis, 1165, 1196, 1531 
Differential, 

of each Form, 1165 
Methods, 1186 
Signs, 1185-6 

from other Diseases, 202, 1186, 
1250, 1252, 1253, 1257, 
1288, 1302, 1303, 1307, 
1312, 1313, 1317, I337» 
1395. 1429, I445> 1465. 
1485, 1498, 1505, 1513, 
1516, 1524. I575-6» 

1767, 1875, 1885, 19I4> 
i953> 1990 

Double Infection in, 1154 
Economics of, 1203 
Erythemas associated with, 2266 
Erythrocytes in, ii44> 1148, 

1149 

Erythromelalgia due to, 1990 
Endemic Index, 1141-2 
Fever of. ii33-7> I593 
Forms, 1156 sqq, see also Each 
Form 

Relative Seasonal Incidence, 
1138 

Haemoglobin, in, 1151 
Haemozoin-Production in, 1130, 

1134- 1145 

Heart-Block due to, 1904 
Herpes Facialis Febrilis in, 2269 
History, 18-19 
Hyperidrosis in, 2222 
Hyperparasitism in relation to, 
287 

Immunity in, 1134, 1142 
Incidence, see also Climatology 
above 

Age, 1131, 1140, 1142, 1187 
Locality, 1130, 1131, 1142, 

1187 

Occupation, 1139, 1142 
Race, 1134, 1140, 1142, 1187 
Season, io, 1129, 1138, 1142 
et alibi 

Incubation Periods, 1133 
Infection, 1133 
Factors of, 1132 
Process, 506, 889, 1133 
Rate, Estimation of, 1140 
Sources 1131, 1140, see also 
Insects, Parasites, and 
Reservoirs 

Insects Spreading (Anop'heles, 
Hexapoda, Mosquitoes, 
etc., q.v.), 16-17, 18-19, 
23. 285, 505, 743, 747 
800, 873, 876, 883 sqq., 
888 , 1129, 1131, 1132, 
1137 sqq. passim 
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Malaria, continued 

Jaundice rare in, 1519 
Knowledge on, of Celsus, ii 
Leucocytes in, 1150-1 
Leuksemia in, 1169 
Liver Cirrhosis due to, 1906-7 
Enlargement in, 1153, ii 55 » 
1156 

Meteorology in relation to, 
113^-9. 114 f 3 , 1144, 1203 
Morbid Anatomy, 1132 sqq. 
Onset, 1135, 1527 
Mortality, 1187 

Parasites associated with, 16, 18, 
1129, 1130, 1132 sqq., 
1148, 1156 sqq., 1161, 
1164, 1908, see also 
Cruz's, 1132, 1137, 

Hamamasba immacu- 
lata, 1137, Hcemamce- 
ha pycBcox, 1137, 
loir's, 1132, Laverania 
malaria!, 517 , 1129, 

Plasmodium malar ice, 

1129; Plasmodium vi- 
vax, 510 , 512 , 1129 
Definitive Hosts, 289, 883 
Development and Multiplica- 
tion, 289 

Differences between, in Ac- 
tion, etc., 1134, 1135-7, 

1144, 1145 

Differential Characters, 518 
Effect on, of Quinine, 1201 -2 
Incubation, 1133 
Infection, 1133 

Insect Vectors, see Insects 
Spreading, above 
Lesions due to, 1152 sqq. 
Life-Cycle, 115, 116 
Life-History, in relation to the 
Fever, 1133 sqq. 

Toxins produced by, 295, 
1133, 1135. ii 44 » ii 45 » 

1146, 1147-8 

Typical PlasmodidcB (q.v.), 505 
Pathology, 1144 
Chemical, 1146-8 
Pigmentation in, 1130, 1134, 

1145, 1180, 1181, 1182, 

1531 

in Pregnancy 
Prognosis, 1187 
Quinine in, 1191, 1201 
Prognosis, 1187 

Prophylaxis, 116, 123, 1138, 

1202 , 1603, 1705 
References, 1211 
Antimosquito, 1205 sqq. 
Educational, 1203-4 
Quinine, 1204-5 


Malaria, contiuned 

Purpura Eruption in, 2267 
Rash in, 1256, 1513, 1514 
Recurrences, 507 
Chill as provoking, 1183 
Relapses, 507, 1136, 1143, 1146, 
1156, 1159, 1163, 1182 
Treatment, 1190-1 
Reservoirs 

Man, 1131, 1132, 1140 sqq. 

Native Children, 1131, 1140 
Mosquitoes, 1139, 1140 
Sequelae, 1184 
Spleen-Rate, 1141-2 
Splenic Puncture, Diagnostic, 
1186 

Splenomegaly, 1141, 1152, 1153, 
1156, 1162, 1167, 
1169, 1182, 1185, 1525, 
1531, 1904 

Suprarenal Affections due to, 
1923 

Symptoms, 1132, 1134, 1147, 
1148, 1150, 1152, 1153, 
1156, 1158 sqq,, 1182 
in Convalescence, 1147 
Prodromal, 1133 
and Special Conditions, Treat- 
ment of, 1197-8 
Synonyms, 1129 
Treatment, All forms, 1188 
in Acute Attack, 1188-9 
Baccelli's Mixture in, 1190 
Climatic, 1143 
Dietetic, 1197 

Drugs other than Quinine, 
1202 

During Course of Fever, 
1189-90 

During Relapses, 1190-1 
Essential, 1188 
Quinine, 25 - 6 , 506, 1131, 

1188, 1192 , 1196 
Specific, by Quinine, ii88 
Symptomatic, 1196 
Tartar Emetic, 1202 
References, 1212 
Theoretical Considerations on, 

1199 

Wasserman Reaction, in 1152 
Acute, 1145, 1146, 1152 

Attacking Suprarenals, 1526 
Diet in, 1197 

Differential Diagnosis, 1296, 
1526 

Morbid Anatomy, 1152 
Treatment, During and After, 
Attacks, 1 1 88, 1189, 

1190 

Symptomatic, 1196 
Tertian, 1161 
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Halaxia, continued 

Avian, Parasite of, 513 
Chronic, 1129, 1130, 1182 

Advanced Condition of, 1146, 
1155-6, 1182 
etiology, 1182 

in relation to Blackvrater Fever, 
1219 

Blood-Changes, 1151 
Chloasma in, 2232 
Diagnosis, 1182, 1525, 1531 
Differential, 1182, 1305 
Exacerbation of. Splenome- 
galy in, 1525 

Lesions in, 1152, 1153 sqq. 
Leucopenia in, 1151 
Morbid Anatomy, 1152 , 1155 
Pigmentation in, 1180, 1182, 
2232 

Sequelae, 1155 
Symptomatology, 1182 
Treatment, 1196, 1199 
Quartan, 1157 
Tertian, 1161 

Comatose type, other than Sub- 
tertian, 1182 
Congenital, 1134, 1142, 

Reference, 1211 

Convulsive Type, in Children, 1175 
Endemic 

Areas and Regions, 30 
Investigation of, 1141 
Latent, 507, 1142 , 1146, 115O, 

1183 

.Etiology, 1142 
Activation of, 1148-9, 1186 
Pathology of, 1133, 1142 
References, 1211 
Malignant 

Canine [Canine Babesiasis], 493 
Human, see Subtertian, below 
Masked, 1168, see also Latent, 
above 

Mixed Infections, 1160, 1164, 1165, 
1168 

Pernicious, 1129, 1150, 1171, 1182 
E^tiology, 1182 
Diagnosis, 1520, 1522 
Differential, 1456 
Prognosis, 1187 
References, 1211 
Treatment, 1189 

Precautions advised, 1198 
by Quinine, 1189, 1193 
Quartan, 10, 12, 1129, 1134, 1157 
etiology, 1157 
Climatology, 124 
Diagnosis, 1185, 152S, 1530 
Incubation Period, 1133 

Insect Carriers, 884, 886 sqq. 
Lesions, 1152 


Malaria, continued 

Quartan, continued ' 

Parasites of, 513 > 1129, 1130* 
1137, 1145, 1149. 1152, 
"see also Plasmodium 
malavicB 
Prognosis, 1187 
Relapses in, 1183 
Treatment, 1188, 1193 
Acute, 1157 
Chronic, 1157, 1160 
Double, II, 1157, 1160 
Irregular Subcontinuous, 1137, 
1160 

Mixed Infections, 1157, 1160 
Simple, 1157 
Subintrant, 1160 
Triple, or Quotidian, 1157, 1160 
Quotidian, 10, 1137 
Etiology, 1183 
Diagnosis, 1528, 1530 
Parasite of, 1132, 1137 
Prognosis, 1187 
Keinfecti on i n , 1183 
Remittent or Continuous, 1160, 
1167 

Sublertian, 11,1129,1130, 1164,1468 
etiology, 1164 
Blood in, 1145, 1149 
Climatology, 124 
Diagnosis, 1185, 1528, 1530, 
Differential, 1238 
Erythrocytes in, 1145, 1149 
Incubation P(?riod, 1133 
Insect Carriers, 884 sqq. 
Morbid Anatomy, 1152, 1155 
Parasite of, 517 , 1129, 1130, 
ii 33 > 1137. 1145, 1146, 

1164, see also Laver- 
ania malarice, 517 
Lesions due to, 1153 sqq., 190^ 
Prognosis, 1187 
Symptomatology, 1134, ri 37 » 
1153 sqq., 1166 sqq. 
Treatment, 1 188-91, 1193 
Atypical, 1165, 1168 

Neuralgias, ovaritic, of, 1180, 
1184 

in relation to Pseudocholera, 
1820 

Symptoms, 1170 
Syndromes with Localisation, 
1168, 1175 

Circulatory System, 1175, 

1179 

Cutaneous, 1175, 1181 
Digestive System, 1175 , 1177 
Ductless Glands, 1175, 1180 
Nervous System, 1175 
Organs of Special Sense, 

1175. 1181 
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Malaria, continued 
Subtertian, continued 

Syndromes with Localisation, 
continued 

Respiratory System, 117 s 

1178 

Urogenital System, 1175, 

1180 

Syndromes without Localisa- 
tion. 1168, 1169 
With Marked Fever on 
First Examination. 1170 
Hyperpyrexial F'ever, 
1 1 70-1 

Syndromes Not Resem- 
bling Specific Fevers. 
1170. 1173-5 

Syndromes Resembling a 
Specific Fever, 1190, 

1191-3 

Cerebro - Spinal - like, 
1171.1172 

Malta-Fever-like, 1171 
Scarlet Fever-like, 1171 

1173 

Sleeping - Sickness -like, 
1172 

Typhoid-like, 1171 
Typhus-like, 1171, 1172 
WeirsDisease-like, 1 1 71 , 

1172 

Yellow-Fc vcr-like, 1 1 71 , 

1172 

Without Marked Fever on 
First Examination, 

1169-70 

Algide type, 1169, 1170 
Anaemic type, 1169 
Haemorrhagic Non-Fc- 
brile type, 1169 
Mental types, 1169-70 
Pseudo-Alcoholic type, 
1169, 1170 

Yellow-Fever-'like, 1186 
Typical Fevers, 1165 

Bilious Remittent, 1165, 1168 
Double, 1165, 1167 
Irregular, 1165, 1167 
Mixed Infections, 1165, 1168 
Remittent, 1165, 1167 
Simple, 1165 

Suprarenal form, 1296, 2203 
Tertian 

Benign, ii, 12, 1129, 1130, 1161 
iEtiology, 1 1 61 
Blood in, 1149 
Diagnosis, 1185, 1528, 1530 
Erythrocytes in, 1145, 1149 
Incubation Period, 1133,1161 
Insect Carriers, 884 sqq. 
Morbid Anatomy, 1152,1153 


Malaria, continued 
Tertian, continued 
Benign, continued 

Parasite of, 510, 1129, 1130, 
IT37, 1145, see also 
Plasmodium vivax 
Lesions due to, 1550 
Prognosis, 1187 
Post-War Cases, in England, 
1138 

Relapses in, 1183 
Treatment, 118S 
Acute, 1 1 61 
Chronic, 1161, 1164 
Double or Quotidian, 1161, 

1163 

Irregular Subcontmuuus, 1161, 

1164 

Mixed infections, iiOi, 1164 
Simple, iioi 

Malignant, see Subtertian, above 
Tropical, 1164 

Malarial Vmaurosis, 1181 , 2004, 

2005, 2007 

Blood-Serum, Toxic, 203 
Cachexia, 1146, 1155 , 1156, 1182, 
1297, ib88 
Treatment, 1199 
I Chyluria, 1934 
j Ear- Affections, 1181 
I Erythemata, 1181 
i Eye- Affections, 1181, 2205 

I Fever (syn. for Typhoid), 1366 

: Fever(s), 12, 18-19, 25, 873, 1129 , 

1153, 1211, 1517, 1526, 

' 2180, also Malaria 

.Etiology, 1129 
Anecmia, 1214 

' Blood Parasites of, 1129. 1132 

Case Reduction, 1209, 1210 
Classification, 1156 
Complications, 1184 
Definition, 1129 
Diagnosis, 1517, 1526 
Differential, 19, 22, 1914 
History, 1130 
Immunity, 1134 
Insect Vectors, see Anopheles, 
etc., 873 

Nomenclu tu re, 1129 
Parasites of, 1129 
Pathology, 1144 
References, 1211 
Prophylaxis, 1138 
References, 1 210-12 
Reservoirs, 1131 
Synonyms, 1129 
Treatment, 25 
Acute, 1145 
Atypical, 1130 

Bilious Remittent, 1165, 1168 
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Fever j|s), continued 
Camne, 493 
Chronic, 1130 
Haemorrhagic, 1216 
Pernicious, 1182 
Quartan, 1528 
Quotidian, 1528 
Subtertian, 1129 
Tertian, 1129, see also Malaria 
Haeraoglobinuria, 1168, 1180, 1213 
1216, 1217, 1218, 1219 
1220, 1225 
Diagnosis, 1522 
Haemoglobinuric Fever, 1216 
Infections, Old, Re-awakening of 

1513 

Intermittent Otalgia, 2013 
Jaundice, 1507, 1508, 1510 
Mimicry, 1165, 1168 
Nephritis, 1926 
Neuritis, 1180, 1184 
CEdema, Patchy, 1181 
Polyneuritis, 1184 
Pneumonia, 1184 
Pseudo- Addison’s Disease. 2233 
Pseudocholera, 1820, 1821 
Reinfections, 1183 
Splenomegaly, 123, 1525 
Surveys, 1209 
Urticaria, 1181 
Vitreous Opacities, 2005 
Malassezin, 1077, 1097, 2078, 2099 
Dermatomycosis due to, 2041 
Species 

furfur, 1097, 1099, 1998, 2080 
tropica, 1097, 1099, 2041, 2074, 
2076, 2080 
versicolor, 2079 

Malattia della Insolazione di Prima- 
vera, 1700 
da Mensa, 1299 
della Miseria, 1700 
del Sonno, 1260 
Malay Bug, 768 

Malaya, Arrow- Poisons of, 184-5 
Malay Race, 54, 55 
Malay States Fever, 1355 
Male Breast, Hypertrophy of, 1939 
Generative System, Diseases of, 193 8 
Male Fern, 1930, see also Filix mas 
Malignant Bilious Fever, 1216 
Fever, Causal Agent, 502-3 
Pustule, 1519 

Tertian Fever, see Malaria, Sub- 
tertian, 1164 
Tumours, 1074 

of Connective Tissue, 2274 
Epithelial, 2277 
Ulcer (Oriental Sore), 2165 
Mallophaga, 748, 749, 760 
References, 760 


Malta Fever, 1487, see also Undtt- 
lant Fever 

Malta-Fever-like Subtettian Malaria, 
1 1 71 

Malta Fieber, 1437 
Malvacea, 2153. 2154. 2159 
Mammalia, Bites of. Fevers due to, 
1128, 1856 

Carrying Disease (see also under 
Names of Species, etc.), 

913 

Parasites of, 478, 483, 546, 751, 
752 sqq. 

Trypanosomes of, 395, 401, for 
minutieBy see under Try- 
panosomes 

Suspect of Poisoning, 279-80 
Venomous, 271 
Man, Bites of, 147, 155 
Primitive, 42 
Divisions, 44 
Mana Kodra, 200 
Manbhum Arrow-Poisons, 185 
Manchineel Poisoning, 173, 174 
Manchineel-Tree, 2157 
Manchu Race, 56 

Manchurian Relapsing Fever, 918, 
1308, 1315, 1318 
Mandibulata, 750 
Mandingo Race, 51 
Mango Boils, 2027 
Mango Fruit, 1540 
Mango Toe, 2036, 2045, 2047 
Mangosteen Rind, 1858 
Mangkassaras, the, 55 
Mangrove-Flies, 815' 819 
M anguinhosia, 792 
Mania, 1524, 1981, see also Amok, 
1988, Kohler, 76, 1981, 
Latah, 1983, Lunacy, 
1981, Melancholia, 1524, 
and Mental Symptoms, 
130 

Manihot utifissima, 172, 190 
Mansanillo, 2157 

Manson, Sir Patrick, Pioneer of 
Tropical Medicine, 16, 
17, 18, 19 
Mansonia, 796 
ovata, 1857 
pseudotitillans, 1598 
uniformis, 1598 
Manson 's Herpes, 2060 
Manta ti Race, 53 
Manuch, 173 
Marasma, 1743 
Marda tal biccia, 1299 
Margaropus, 497, 710, 71 1, 714 
annulatus, 700, 784 
Varieties 

argentinus, 715 
australis, 497, 715, 1557 
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Mar gar Opus, continued 
annulatus, continued 
V3-rieties, continued 
calcar atus, 715 
caudatus, 715 
dugesi, 715 
microphilis, 715 
decoloratus, 454, 698 , 714, 715 
lounsburyi, 714 
winthemi, 714 
Marine Leeches, 485 
Marmots, 914 
and Plaghe, 913, 1424 
Marmotta, 914, 915 
bobak, 915 
marmota, 915 
Marschfieber, 1129 
Marsh Fever, 1129 
Marshall- Plehn’s Dots. 1149 
Masai Race, 47 
Mask, Tropical, 2233 
Masked Bug, 767 
Malaria, 1168 

Masks, use of, in Plague, 1435 
Mastigocladium blochi, 1124 
Mastigophora, 291, 296, 297, 330 
Doubtful Genera, 360 
Morphology, 330-1' 

References, 356-7 
Sub-Classes, 331-2 
Vapnal, 1946 
Mastigote, 331 
Mat6, 177, 178 
Mattari, 1756 

Mauling by Wild Beasts, 115, 147 
Maurer’s Dots, 517, 1147 
Mauvais Dartre, 1700 
Mayfly Larvae, 812 
Maya Race, 56,. 57, 60 
Mazamorra, 1763 
Mazatee, the, 56 
M'betalala, 1326 

Mbori of Dromedaries, 410, 417, 816 
M'Boundon, African Ordeal-Poison, 

178 

Mbwa Fly, 81 1 
Meal-Broth Beetles, 895 
^Measles, 114, 120, 1486 , 2267 
Diagnosis, 1513, 1515 

Differential, 1250, 1253, 1490, 
1491 

Rash, 1513, 1515, 1517 
Virus, Filterable, 541 
Fever resembling, 1471 
Haemorrhagic, 1491 
Mecistocirrus fordi, 663 
Mediaeval Medicine, 14 
Medical Methods, Mosaic, 9-10 
Missionaries, 5 
Medicinal Leeches, 686 
Plants, 4 


Medicine 

Foundations of 

Ancient, 6 2111, 2116 

Mediaeval, 14 
Modern, 14 
Primitive, 3 
Tropical 
Early, 16 
Modern, 16 sqq. 

References, 30 

Mediterranean Fever, 932 , 1437 15^0 
Kala-Azar, 374, 883, 1289, ’l 299 , 
1907 

References, 1307 
Meeta bish, 169 
MegalomorphcB, 21 2 
MegarhinincB, 786, 790 
Megaspores, 2057 
Megastoma, 466 
Melancholia, 1524, 1981 
Melanconiales, 1036 
Melanesians, the, 49, 53 
Melania, xj, 575, 891 
hastula, 891 
libertina, 891, 894 
MelaniidcB, 891 
Melanin, 87 
Melanochroi, 45, 46-7 
Melanoderma Pcdiculis, 2201 
Melanolestes, 767, 769 
abdominalis, 769 

morio, 769 / 

Melanonychia, 2222, 2236 
Falciformis, 2236 
Melanosis, 87 

Melanotic Carcinoma, 2277 
Melanuric Fever, 1216 
Melasma Solare, 2231-2 
MelianthaceB, 164, 166 
Melianthus, 164, 166 
major, 164 
Meliococca, 164 

Poisomng by, 164, sqq. 
Melitensis Septicaemia, 1437 
Melitococcaemia, 1437 
Melitococcie, 1437 
Meloe, 2277 
pr Oscar abcBUs, 1641 
visicatorius, 172 
Melolontha, 1640 
Melon Seeds, 1756 
Melophagus, 855 

ovinus, 363, 369, 855 
Melung, 2222, 2229 
References, 2245 
Melusina, 810 
MelusinidiB, 810 

Membrano-UlcerativeGingivitis, 1745 
Pharyngitis, 1745 
Stomatitis, 1745 
Tonsillitis, 1745 
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Menabea Venenata in Ordeals, 179 
Mtodre's Disease, 2013 

Type of Aural Alfection in Sub- 
tertian Malaria, ii 81 
M^ningite Cerebro-Spinale £pid6- 
mique, 1474 

Meningitic type of Subtertian Ma- 
laria, 1175 

Meningitis, 1066, 1949 
Diagnosis, 1528 
Acute, 139 

Cerebro- Spinal, Epidemic, 1474 
^Etiology, 926, 1474, 1475 
Climatology, 120, 123, 124, 1475 
Diagnosis, 1485 

Differential, 1337, 1485 
Mimicry, 1484 
Morbid Anatomy, 1483 
Pathology, 1483 
Prognosis, 1485 
Prophylaxis, 1485 
Relapses, 1485 
Sequelae, 1485 
Symptomatology, 148^ 

Varieties, 1484 
Neonatorum, 1959 
Meningocele, 123, i 959 
Meningococcus, 1477 sqq., 1482, 1697, 
1959. 1998 

Present State of Knowledge on, 
1479-80 

Meningo-Encephalitis of Sleeping 
Sickness, 1259, 12G0 
Meningo-Myelitis of Sleeping Sick- 
ness, 1259 

Menispermacecc, i88 
Menorrhagia, 129 
Menosporidce, 471 
Menstruation, 77 

Mental Symptoms and Invaliding, 
130 

Type of Subtertian Malaria, 1169 
Mentzelia lindleyi, 2153 
oligosperma, 2153 
Mercurial Poisoning, 1862 
Mercury Compounds, 27 
Perchloride, 162, 170, 189 
in Treatment of Sleeping Sickness, 
27 

Meriatschenjc, 1983 
Mermis, 653 

Mermithidcs, 623, 632, 653 
Merozoites, 293, 294, 469 
Mesagonimiis heterophyes, 570 
pulmonale, 573 
westermani, 573 
Mesobdella, 688 
gemmata, 688 
Mesomitosis, 291 
Mesopotamia, Diseases of, 120 
MesothelcB, 212 


Metabolism, Diseases of, 1919 
References, 1925 
Metachromic Granules, 290 
Metadysentery, iKtiology, 1845 
Bacillus of, 1842, 1848 
Meiagonimus, 570, 571 
yokogawai, 571 , 894, 1752 
Metallic Salts, 28 
Metamitosis, 291, 292 
Metaplastic Granules, 290 
Metastigmata, 692 
Metastriata, 71 1 
MeiastYongylidcB, 623, 659, 662 
Metastfongylince, 662 
Metastrongylus, 624, 662 
apri, 624, 662 
holosericeum, 2213 
Metatrema, 563 
Metatrombidium, 727 
poriceps, 727 , 2215 
Metazoa, Definition, 552 
Metazoan Parasites, 287, 552 
of Man, 552, 554 

Skin Lesions due to, 2200 
Meteorology, 62 
References, 91 sqq, 

Metorchiince, 575 
Methyl Alcohol, 175 
Meurd Djilben, 196 
Meuse Fever, 1501 
Meve’s Plastokonten, 1896 
Mexican Races, 56-7, 60 
Mexico, Aztec Medicine of, 6 
Northern, Diseases of, 124 
M’Faug, African Ordeal-Poison, 178 
Miana (Persia), Relapsing Fever of, 
691. 919, 1322 
References, 1325 
Miainomyces, 111 j 
Mice and Rats (see also Rats), 916 
Fleas of, 865, 867 
Table of, 866 
Microascus, 1024 

Microbe en Chapelet of Pasteur, 1949 
du Cholera des Poles, 933 
Micrococcece, 924, 931 
Micrococcus(i), 924, 925, 1230, 1941, 
1998, 2166, 1437 sqq., 
1444, 1445, 1447, 1462, 
1465, 2102 

Anaerobic, of Vcillon, 1949 
beigelii, 1103 
castellanii, 2103, 2105 
catarrhalis, 1478, 1521, 1998, 2014 
cinereus, 1478-9 
foetidus, 1949 
melitensis, 925, 932 . 1290 
nigvcscens, 1067, 2102, 2103 
paramelitensis, 1437, 1439, 1441, 

1447 

pelletieri, 1051, 1058, 2135 
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Micrococcus [i], continued 
pemphi^icontagiosi, 931 
pemphigineonatorium, 931 
of I^eumonia, 933 
pseudomelitensis, 1437, ^439» 

H47 

vestcans, 2031 

Microfilaria, 337-9, 623, 632, 640 , 
896, 967, 1596, 1599, 
1903, 1965 

Periodicity, 16, 554, 633, 636 

Reference, 681 

Species 

bancrofti, 633, 636, 641, 647, 
1596. 1601-2, 1941 
diurna, 645, 647 
nocturna, 16, 634 
Persians, 2247 
philippinensis, 623, 640 
powelli, 623, 640 
Microgamete, 294, 295 
Microgametocyte, 294 
Microides, 2057 
Micromonas mesnili, 542 
Micromyces hoffmanni, 1047 
Microneurum, 902 
funicolum, 899, 902 
Micronucleus, 290 
Micropechis, 246 
elapoides, 251 
Micropezidce, 1629 
Microphthalmus, 1995 
Microrchis, 561 

Microscopical Diagnosis, 16, 17 
Microsiphonales, 1039, 1040 
Microspironema pallidum, 455 
Micros poridia, 295, 528 
Microsporidiosis of Bees, 529 
Microsporidium polyedricum, 529 
Micvospovoides minutissimus , 1053, 

1062 

Microsporon, 1014, 1015, 2008, 2053, 
2057, 2095 
audouini, 2268 
var. canis, 993 
var. equinum, 993 
furfur, 1099 
gracile, 1053 
lanosum, 2008, 2009 
mansoni, 1100 
mentagrophytes, 1005 
trachomatosum, 1998 
tropicum, 1099 
Microsporosis, 2057 

Capitis (see also Tinea Capitis), 991, 
992, 994 
Flava, 2073 
Nigra, 2078 

Microsporum, 986, 989, 990 , iioi, 
2054, 2056 , 2057, 2254 
Dermatomycoses due to, 2040 
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Microsporum, continued 
Species 

audouini, 990, 991 , 994, 2053, 
2055, 2056 

depauper alum, 991, 994 
felineum, 991, 998 
flavescens, 991, 994, 2040, 2055 
fulvum, 991, 998 , 995, 2056 
gracile, 1061 
iris, 991, 994 
lanosum, 991, 993, 2053 
minimum, 990, 991, 993 
minutissimurn, 1053, 1060 
Parasitic in Man, 991 
pubescens, 991, 993 
scorteum, 991, 995 , 2055, 2056* 
tardum, 991, 993 
tomeniosum, 991, 994 
unihonatum, 991, 992 
velvcticum, 991, 992 
villosum, 991, 994 
Types 

Aciadium, 990, 991 , " 

Glabrous, 990, 991 
MicrotincB, 915 
Microtrichophyton, 1002, 1004 
mentagrophytes, 160^, 1005 
Microtrombidium, 725 

akamushi, 726, 727 , 1350 sqq., 1516, 

I 2213 

I Reference, 741 
I autumnalis , 725-6 
brumpti, 726 
meridionale, 2215 
pusillum, 726, 2215 
V under sandei , 727 
wichnianni, 726, 727 
Microvelia, 367 
Midasidce, 824 

Midday Heat, Avoidance of, 91 
Middle-Ear Congestion, Quinine- 
caused, 2013 
Midges (Chironomidce), 801 
Midges (Psychodidce), 806 
Midwives, 1956, 1959 
Miliare Cristalline Febrile, 1468 
Miliary Actinomycotic Metastases in 
the Choroid, 2009 
Fever, 1308 

Tuberculosis, Acute, 1396 
Milk in relation to 

Enteric, 1364, 1371 
Infant Mortality, 120 
Fungi in, 1076 
Impurities in, 95 
Vitamine of, Growth in, 109 
Dilutions for Infant -feeding, 1959 
Milk Fever, 1948, 1951 
Milk-Pox, Kaffir, 1491 
Millepora, 204 
alcicornis, 204 
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MiUepora, continued 
complanata, 204 
verrucosa, 204 
Millet, 95, 105 
Millet Blanchet, 1741 
Milletia seriacea, 164, 16/ 

‘ Millions,’ and other Larvicidal 
Fish, 1208, 1209 
Mimicismus, 1983 
Mimicry, Malarial, 1165, 1168 
Minahasans, the, 55 
Minchinia, 474 

Mineral Acids, Poisoning by, 162 
Substances in Diet, 96 
ners’ Anaemia, 1761 
jracidia, 558 
MifUKHta, 1633 
Misala, 1991 

Miscellaneous Diseases, 2247 
References, 2263 
Skin Diseases, 2015, 2017 
Mishini, tile, 54 
j Arrow^Poison of, 184 
Misteca-Zapoteca family of Mexican 
races, 57 

Mite-Bites, Dermatoses due to, 
2213 

Mites*, 691, 908, 2163, see also 

Acarina 

Burrovnng, 124 

Disease-Carrying, 1350, see also 
Microtromhidium, 725 
Mitosis, 291, 292 

Mitragyna speciosa Leaves, as Substi- 
tutes for Opium, 178 

Mixe, the, 56 

Mixed Infections with Parasites, 548, 
549 

Leprosy, 1663 
Tumours, 2277 

Moccasin Snake- Venom, Serum for, 

273 

Mochlonyx, 801 

Moderation, Motto for Tropic Life, 
128 

Modern Medicine, Foundations of, 
14 sqq, 

Moepysylla, 865 
Moesa indica, 187 
lanceolata, 1756 
Mois, the, 54 

Arrow-Poison of, 184 
Moko, 2238, 2240, 2241 
Moles, Epithelial, 2274 
Molestia, 1283 
do Barbeiro, 1283 
Mollugoliro, 1753 
Mollusc Hosts of 
Paragonimus, 1585 
Schistosoma japonicum, 1590, 1591 
Trematodes, 17, 889 


Mollusca, 889 
Venomous, 227 
Reference, 229 

Molluscum Contagiosum, Non-Cocci- 
dial, 474, 541, 542, 2274 

Momba, 1535 
Momordica charanta, 170 
cymhalaria, 170 
MonadidcB, 2166 
Monas, 355 
lens, 335, 342 
prodigiosa, 933 
pyophita, 335 
rotatorium, 393 

Mongolian Spots, or Maculae, 2222, 

2237 

References, 2246 

Mongolic Division of Man, 4^, 44, 64 
Mongolo-Dravidians, 49 
Mongota, 1260 

Monilia, 981, 983. 1070. 1078. 1079 , 
1084, 1742-3, 1886, 

1888, 1889, 1891, 1926, 
1939. 1944. 1945. 2008, 
2041, 2081, 2084, 2093, 
2094, 2098, 2149 

Species 

Biochemical and Cultural 
Characters of Certain, 
Table, 1082-3 
alha, 1084, 1089 

albicans, 968, 1084, 1085 , 1743, 

1781, 1782, 1889, 2008, 
2009 

aurea, 1028, 1079, 1080 
balcanica, 981, 1081, 1084, 1090 
bethaliensis, 1091 , 1887 , 
blanchardi, 1084, 1091 
bonordens, 1091 
bronchialis, 1084, 1087 , 1743 
burgessi, 1090 

Candida, 969, 1086, 1091 , 1742, 
1887 

caoi, 1092 

chalmersi, 1084, 1087 
cutanea, 1092 
decolorans, 1085, 1782 
digiiata, 1025 

enterica, 1084, 1085, 1088 , 1781, 
1782 

fcBcalis, 1085, 1089 , 1782 
guillermondi, 1084, 1088 , 1887 
harteri, 1092 

insolita, 1084, 1085, 1086, 1089 , 

1782, 1887 

intestinalis , 1085, 1089 , 1781, 
1782 

kochi, 1092 
koningii, 1124 

krusei, 1081, 1084, 1088 , 1887 
lactea, 1085, 1887 
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MonUia, continued 
Species, continued 
lacticolor, 1085, 1887 
londinensis, io8<4^ i743^ 1945 
lusHgi, 1084, 1050 
macedoniensis , 10S4, 1087 
metalondinensis, 1081, 1084, 

1085, 1743, 1945 
metatropicalis, 1087 
montoyai, 1084, 1092 , 2094, 

1085. 1743. 1945 
nabarrot, 1081, 1064, 1085, 1090 
negrii, 1084, 1887 

nitida, 1084, 1089 , 1887 
nivea, 1084, 1088 , 1887 
parahalcanica, 1084, 1085, 1090 
par ach aimer si, 1084, 1087 
parakrusei, 1081, 1084, 1092 
parapinoyi, 1742, 1743 
paratropicalis , 1084, 1087 , 1887 
perieri, 1092 
perryi, 1084, 1090 
pictor, 1092 

pinoyi, 1081, 1084, 1085, 1088 , 

1742. 1743. 1887. 1945 
pseudoguillermondi, 1084, 1088 
pseudolondinensis, 1084 
pseudometalondinensis, 1081 
pseudotropicalis, 1084, 1087 , 1887 
psilosis, 1782 

pulla, 1030 

pulmonalis, 1084, 1090 
pulmonea, 1091 
rhoi, 1089,2011 
rosea, 1084, 1091 
rugosa, 1084, 1748 
associated with Sprue, 1781 
subtilis, 1091 

tropicalis, 1084, 1085, 1086, 1742, 
1743, 1748, 1782, 1887, 

1945 

zeylanica, 1084, 1088 , 1743 
Moniales, 1036 

Moniliases {see also Blastomycosis, 
2081, Sprue, 1780, etc.), 
1081 sqq., 1782 
Broncho- alveolar, 1886 
Ocular, 2009 
Moniliform Hair, 2282 
Moniliformis, 608 
Moniliomycoses, 1084, 1748 
Moniliomycosis, Tonsillar, 174B 
Monilithrix of the Hair, 2282 
Monkeys, Parasites of, 353, 355, 404, 
413, 483, 493 et alibi 
Monocercomonas, 349, 351 
hominis, 350, 354 
Monocereous Cer curia, 559 
Monocystidea, 471 
Monocystis, 471 
agilts, 470 


Monogenea, 560 
Monomorium, 1995 

bicolor var, nitidiventre, 1995 
pharaonis, 765 

Monoplegic Subtertian Malaria, 117*;, 

1176 

Monosporx, 979 
Monosporidia, 471 
Monosporium, 1121,^1123 

Dermatomycoses due to, 2041 
Species 

apiospermum, 1121, 2041 
sclerotiale, 1123 
Monosporogenea, 529 
Monostichodonta, 686 
Monostomes, 558 

Monostomum lentis, 565, 567, 2007 
References, 595 
Monotosporacea, iiii 
Monoiremafu, 279-80 
Monozoa, 333 
Monsoons, 64-6, 78, 79, 81 
Monsi ^rs 

Composite, 1958-9 
Single, 1958 

Monstrosities, Foetal, 1957 
Montoyella, 989, 1023 , 2093 , 2094, 2095 
bodini, 1023 , 2094, 2098 
nigra, 1023,2094, 2097 
Moon, the, Rays of, Effects of, 88 
Moon-Stroke, 142 
Mopans, the, 60 
Moquinia, 688 
Moroea collina, 164 
Morbus Dormativus, 1260 
Elephas, 1610 
Pedis Entophyticus, 2110 
Tuberculosis Pedis, 2110, 2113, 

2116 

Weilii, 1505 
M or della, 1641 
Mordellida, 1641 
Mordvins, the, 55 
Moringa pterygosperma Bark, 170 
Morphia, Hypodermic Injections of, 
Cheloid after, 2274 
Morphine Injector’s Septicaemia, 1466 
Morphinism, Chronic, effects of, 175 
Morphoea, 1664, 2224, 2230, 2281 
Mortality, Infantile, 120, 122, 124, 
1957, 106 ® 

Mortierella, 2114 
Mortierellacea, 972 
Morrison's Spots, 2202 
Morso-di-Topso, 1356 
Morsthymia, 1924 
Mosaic Hygiene, 10 

Knowledge of Animal Parasites, 596 
Quarantine, 10 
Treatment of Disease, 9, 10 
Moschni, 198 
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Mosquito-Bite, Pathogenicity of, 7. 

16 sqq., 23, 222-5, 285, 

. ' see also Anopheles, and 
Malaria 
Venom of, 2224-5 
Effects, 226 
Treatment, 226 

Mosquito- Proofing of Bodies, Houses, 
etc., 1205-6 

Mosquito-Reduction Methods, 1206-7, 
1209 

Mosquito- Worms, 896, 1634 
Mosquitoes, see also Anopheles, Culex 
Stegomia, etc., 17, 18, 
19, 774 

Fungi on, 2096 
House-Dwelling, 787 
Parasites of, 17-18, 287, 397, 398, 
637-9, 640-1, 644 
Rash due to, 1517 
Ship-Haunting, 796 
as Spreaders of Disease, 16-17, 
18 sqq., 23, 285, 503, 
800, 873, 876, 883 sqq., 
888, 1128 sqq., 1131, 
1132. 1137 sqq., 1229, 
1635, 1650, 2166 
Mossman Fever, 1465-6 
Mossy Foot, 2247. 2254 
Reference, 2263 
Mostaki, 198 

Moths, Poisonous Caterpillars of, 
222-3 

Motuca-Fly, 817 

Mountain Fever (Undulant Fever), 

1437 

Mountain Sickness, 143-4 
Mouqui (mite), 2213 
Mouth, Diseases of, 1739, 1740 , 1745 
References, 1751 
Parasites of, 461, 448 sqq., 1740 
Temperature-Taking in, 70, 71 
Mouth-Symptoms indicative of Ali- 
mentary Derangements, 
1520 

Movements, Energetic, Useless lor 
Snake -Bite, 278 
Moyocuil, 1633 
Mozambique Sore, 2181 
Muco-Cutaneous Leishmaniasis (Es- 
pundia), 17, 41, 2165, 
2175 

References, 2199 

Mucor, 967, 972, 978 , 1886, 1892, 2114 
References, 977 
Species 

corymbifer, 974 
crustaceus alhus, 1025 
herbariorum, 1029 
mticedo, 973, 1892 
pusillus, 974, 2011 


Mucoid, continued 
Species, continued 
racemosus, 1712 
sphcBYocephalus, 973 
stolonifer, 2115 
vulgaris, 973 
MucoracecB, 972 
Mucorales, 972 

Mucormycoses, 967, 973, 976 
Bronchial, 1892 
General, 974, 977 
of Lungs, 975-7 
Nasal, 976 

Mucous Membranes, Cosmopohtan 
Diseases of, 2264, 2283 
Muculo, 854, 1651 
Mucitna pruriens, 2153, 2159 
Mudar, 1 73 
Miighetto, 1741 
Muguet, 1741 
Muki-mnki, 194 
Multiceps, 612 
coenuYUS, 612 

Multipara, Osteomalacia in, 1943 
Multiple Pruriginous Tumours of the 
Skin, 2247, 2254 
References, 2263 
Sarcomatosis, of the Skin, 2274 
Septic Liver Abscesses, 1525 
Telangiectases, 2273 
Muma Fever, 1975 
Mumps, 1526 

Munchi Arrow-Poison, 183 
Mundas, the. Food of, 96 
Mundulea suberosa, 187 
Munhiyo, 1437, 1673 
MurcBYia Helena, 232, 233 
moringa, 232 
Murcenidee, 232, 233 
Muridee, 914, 915 
Murince, 915 

Murmekiasmosis Amphilaphes, 1073, 
1077, 2247, 2262 

Murrina, 415 
Mus chrysophilus, 869 
decumanus, 693, 916 
■musculus, 867 
vattus, 915 

Musca, 307, 832, 846 , 877, 903 
corvina, 900, 1629 

domestica. Habits of. Parasites 
carried by, and Diseases 
spread by, 307, 365, 

377. 379. 415. 747. 883, 

887, 900, 903 , 908, 1626, 
1629, see also House- 
fly. 

var. determinata, 900 
hispaniola, 172 
lepra, 1650 
luieola, 850 
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Musca, continued 
macellaria, 847 
nebula, 397, 900 
nigra, 1829 
pattoni, 899, 900 
putrida, 846, 1632 
vomitovia, 1626 
Muscardin, 1033 

Muscido, 814 f, 825, 831 , 1626, 1628, 
1629, 1632, 1633, 1637, 
2200 

772 

Larvae, 771, 1620 

Der^latites due to, 2200, 2207 
Tribes 

acalypivatcB, 774 
calyptratcB, 774 
Muscidifurax raptor, 908 
MuscincB, 832, 846 , 903, 1626 
Muscles, Diseases of, 1967, 1975 
M us coidea, 825 

acalyptraics, 825, 901 
calyptratcB, 825 , 901 
Muscular Rheumatism, 124 

System, Derangements of, 1519, 
1523 

Diseases of, 1967, 1975 
Work, and Heat-Stroke, 141 
Mushrooms, Chinese use of, 172 
Myase Cutanee, 1632 
Furonculeuse, 1632 
Rampante Sous cutanee, 1632 
Myasis, 1632 
Cutanea, 1632 

Mycetoma, 1058, 1 104-5, 1106, 1107, 
1714, 2015, 2017, 2041, 
2085, 2110, 2277 
References, 2150 
Actinomycotic, 1055, 2148 
Aspergillar, 1032 
Black, 1030, 1104, 2114 sqq., 2125 
Ochroid, 2114 
White, 1107, 2114 sqq, 

Vincent’s, 1058 
Yellow, 2113 sqq. 

Mycetoma -like Disease, 1118 
Mycetomas, The, 2085, 2110 
Two Main Divisions of, 2117 
Mycetomiasis, 2148 
MycohacteriacecB, 924, 965, 1040 
Mycobacterium, 965 , 1040 
diphthericB, 965 
leprcB, 965, 1644 
malei, 965 
tuberculosis , 965 
Mycoderma, 1071, 1073, 1782 
cutaneum, 1092 
pulmoneum, 1091 
subtile, 1091 
vini, 1742 
Mycogone, 1112 


Mycological Ui inary Tests, 1934 
Mycology, 967 
Pathogenic, History, 21 
MycophycecB, 1071 
Mycosis (es), 2008 
Definition, 967 
Aspergillar, 103 1-2 
Black, of the Tongue, Lungiin, 976 
Cutis Chronica, 2165 
of Foot, 1123 
Fungoides, 2186-7, 2274 
of Geiiito-Urinary Organs, 1926 
Nasal, 97-^. 

I Ocular, 2008 
! Pulmonary, 976 
I Tonsillar, 1747 
; Mycteroiypus, 802, 803 
; Myelitis, 1688 

I Myelitic Suotcrtian Malaria, 1175, 

1176 

Myeloblasts of Naegeli, 1898 
Myelc 'ythicrnia, Blood-Conditions in, 
1900 

Myelopathia Tropica Scorbutica, 1671 
My gale, 212 

Myiases, The, and Allied Conditions, 
1O19 

/Etiology, 771, 814, 825, 827, 830, 
831, 846, 848, 852-4, 

895. 1533. 1621 

Allied Conditions, 1639 
Animal Carriers, Hosts, and 
Reservoirs, 895-6 
Definition, 896, 1619 
Diagnosis, 1622 
History, 1619-21 
Nomenclature, 1619 
Pathology. 1622 
Prophylaxis, 1622 
References, 1641 
Symptomatology, 1622 
Treatment, 1622 

of Alimentary Canal, 848, 853, 

1631 

Aural, 1622, 1626 , 2011 
of Cavities, 1622, 1623 
Dermal or External (Subcutan- 
eous), 1623, 1631 , 1632 
1633, 1637 
African, 1633, 1637 
American, 1633. 

Asian, 1633, 1639 
European, 1633, 1639 
Facial, 1625 
Neotropical, 1633 
Traumatic, 1623, 1631, 1632 
Intestinal, Gastric or Oro-Gastro- 
Intestinal, 824, 830, 831, 
848, 852, 854, 900, 905, 
1620, 1621, 1622, 1628 , 
1841, 1863 



2374 


INDEX 


continued 

Ocular, 1622, 1625, 1627 , 2007 
Oral, 1625 

JRhinal, 831, 846, 1620, 1622, 1628 , 
1625, 1626 

Subcutaneous, see Dermal, above 
Urinary, 853, 1620, 1622. 1628 , 
1926, 1934 
Vaginal, 1622, 1628 ^ 

Mylabris cichorii, 172 
nubica, 227 
Myliobatidce, 232, 240 
Mylidbatis aquila, 232 
Myocardium, Rupture of, 1904 
Myoclonia, 1919 
Myomalacia Cordis, 1904 
Myomata, Facial, 2273 
Myomycosis, 1060 
Myonemes, 330, 382, 470 
Myositis. 1582 

Purulenta Tropica, 1469, 1523, 
1529, 1967, 1975 
Myotoma, 1919 
Periodica, 1919 
Myriakit, 1983 
Myriapoda, 549 
Myriase do Sero, 846 
MyrisHca fragrans, 173 
Myrmica, Venom of, 222 
Myrtacea, 164, 172 
Myxidiidce, 529 
Myxidium, 529 
Myxobacteriales, 924 
Myxobolidce, 529 
Myxococcidium stegomyice, 1230 
Myxocystes, 529 
Myxoedema, 1919, 1920, 1922 
Myytomycetes, 923, 971 
Myxosporidia, 528 
Myxotrichum, 986 
Myzom3da, 791, 793 , 885 
Malaria Carriers, 793, 886 
Species 

aconita, 793, 886, 888 
albirostris, 794, 886 
azriki, 794 

culicifacies, 786, 794, 886 

d*thali, 793, 888 

formosansis, 886, 888 
funesta, 793, 886, 888 
hispaniola, .794, 886 
indefinata, 793 

jehafi, 793 

kumassi, 886 
leptomeres, 794 
listoni, 794, 888 
longipalpis, 793 
lualowi, 793 
lutzii, 793, 888 
mangy ana, 793 
nili, 794 


Myzomyia, continued 
Species, continued 
pyretophoroides, 793 
rhodesiensis, 794 
rossi, 638, 786, 793, 888^ 159 ^ 
sinensis, 888 
tessellata, 793 
thornioni, 794 
turkhudi, 794, 886 
Myzorhynchella, 791, 885 
Malaria Carriers, 887 
Species 

arabiensis, 887 
Myzorhynchus, 792, 795 , 884 
Malaria Carriers, 795, 888 
Species 

alhotceniatus, 795 
hancrofti, 795 
barhirostris, 795, 888 
coustani, 795 
mauritianus, 795, 888 
minutus, 795, 1598 
nigerrimus, 795, 1598 
paludis, 793, 888 
pseiidobarhirostris, 795 
pseudopictus, 795 
sinensis, 795 
strachani, 795 
umhrosus, 795 
vanus, 795 

Naegeli's Myeloblasts, 1898 
Urticarial Fever, 1462 
References, 1473 
Naegleria, 298, 300 
punctata, 300 

Nagana, Animals affected by, 391, 
411 

Causal Agent and Insect Vectors, 
19, 386, 391, 410. 4i4» 
838 

Climatology, 414 

Serum, Trypano lytic Action of, 
392 

Treatment, 411, 1262 
Nagas, the, 54, 55 
Nahuas, the, 56, 57, 60 
Nail Matrix, Inflammation of, 
2283 

Nails, Black Pigmentation of, 2236, 
2283 

Diseases of, 999, 2257, 2264, 2282, 

2283 

Supernumerary, 2283 
Naja, 246 
anhieta, 251 
hungarus, 246-7, 251 

Venom of, 259, 260, 264, 266, 
272. 273 

flava, 251 

Venom of, 268 



INDEX 


2375 


Naja, continued 
goldii, 251 
haje, 247, 251 

Parasites, 516 

Venom, 243, 247, 253, 266, 271 
melanoleuca, 251 
Venom, 268 
mgricollis, 247. 251 
Parasites, 516 
Venom, 268 
yegalis, 247 
samarensis, 251 
iripudians, 246, 251 
Parasite, 487 

Venom, 243, 254, 264-6, 268, 

273 

Nakhra Jawhur, 1466 
Nakra Fever, 1466 
Nambiavu, 502 
Nantundua, 871 
l^anukayami, 1510 
Napt Hindi Nabit, 2118 
Narcotics, see Sedative Poisoning, 
174 sqq. 

Narid6, 2260 

Nasal {see also Rhinal) Affections 
and Diseases, 1993, 
2013 , 2173 

Aspergillosis, 1029, 1031-2 
Cancer, 123 

Catarrh, Common, 1521 
Goundou, 1975 
Inflammatory, 1875 sqq. 
Irritation in Oxyuriasis, 1776 
Mucormycosis, 976 
Mycosis, 974 

Myiasis, 846, 1620, 1622, 1623 , 
1625, 1626 
Polypus, 1578 
Spirochaetosis, 1882 
Tumours, 2277 
Ulceration, 123, 1882 
Mucosa, Fevers associated with 
Swelling of, 1466 
Proliferation of, in Rhinospori- 
diosis, 534 

Symptoms indicative of Respira- 
tory Derangement, 1521 
Naslia Fever, 1466 
Nasonia brevicornis, 908 
Naso-Oral Leishmaniasis, 1741, 1175 
Naso- Pharyngitis, 1882 
Nasturium Dermatitis, 2162 
Native Employees, 130 

Examination of, 130-1 
Invaliding of. 131 
Races. Tropical, Alcoholism among, 
effects of, 175 

Colour of, protective, 85, and see 
2264-5 

Expectation of Life in, 133 


Native Races, continued 

Glandular System of. 226^ 

Hairy System of, 2264-5 
Life Asssurance among 
Egyptian, 133 
Indian, 132 
Normal Skin of, 2264 

Dark Pigmentation of, 2265 
Sebaceous Secretion, 22>€4 
Susceptibility of, to 
Heat, 2265 
Pain, 2265 
Naushali, 1314 
Nauta, 893 
N'diank, 1819 
Ndi-t6t, 1972 
N’dulu, 1260 

Nebenkdrper, Nucleus de reliquat, or 
Rest Body, 293, 299, 
334> 335. 470. 506, 507, 
535 

Necator, 624, 659, 672 
afrijanus, 673 

americanus, 124, 624, 667, 673 , 

1505, 1761, 1762, 1763, 
1777 

Dermatitis due to, 2219 
Neck Abscess, Aspergillar, 1028 
Necrobia, 1627, 2007 
Necrosis of Bone, 1967 

Focal, in Cornea, etc., 2006 
of Foot, 156 

Necrotic areas in Liver, 107C 

Necturus, 258 

Neglected Strictures, 1939 

Wounds, Ulceration following on, 

2191 

Negri Bodies, 20, 535 
Negritoes, 49, 51, 53 
Arrow- Poisons of, 186 
Negro Consumption, 1761 
Lethargy, 1260 
Neisseria, 925 
References, 966 
Species 
flava, 926 

gonorrhcece, 925, 926 
Heterogeneous group, 926 
intracellularis, 926, 1474, 1482 
parameningitidis, 926 
pseudomeningitidis, 926 
sicca, 926 
Nelavare, 1260 
Nemathelminthes, 621 
References, 680-2 
Poisonous, 205 
References, 228 

Species associated with Ben-ben, 
1679, 1680 

Nemathelminthic Dysenteries, 1825, 

1840 
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Nematocera, 773, 774 
Nematoda, 621, 622 
Bursata, 623, 624, 659 
Non-Bursata, 623, 624-5, 627 
References, 680-2 
Nematode Dermatites, 2200, 2219 
Embryos in Skin affection, 2247 
Infections, Table, 896 
Worms, 908, 1 71 3-14 
Nematodiases, Intestinal, 1758 
Nematodirus, 624, 662 
References, 682 
Species 
filicollis, 663 
gibsoni, 624, 663 
Nematoideum tracheale, 652 
Nemaiomyci, 1036 
Nematospora, 979 
Nemorhina, 837 
palpalis, 838 
Neoanopheles, 883 
Neocellia, 792 
stephensi, 887 
Neokharsivan, 27 
Neomyzomia, 791, 794 
elegans, 794 
Neopsylla, 865, 866 

bidentatiformis, 866, 867 
isacanthus, 866 
pentacanthus, 866 
Near a lepida, 222 
N eovhynchidcB , 680 
Neosalvarsan, 1202 
Formula, 27 

Neosporidia, 293, 296, 297, 528 
References, 543 
Neotoma, 915 
fuscipes 372, 398 
NeotomincB, 915 

Neotrichophyton, 988, 989, 1001 
flavum, 1002 
pliratile, 1002 

Neotropical Dermal Myiasis, 1633 
Nepa cincrea, 3()3, 366, 372 
Nepaul Tumour of Ear, 2010, 
2252 

Nephritic type of Subtertiau Malaria, 
1180, T184 
Nephritis, 1663 

Malarial, 1180, 1184 
Trench, 1926 
Nephrolithiasis, 1926 
Nephrophages , 729 
sanguinarius, 729 
Neriodorin, 167-8 

Nerium odorum, 164, 167-8, 169, 170 
oleander, 2152, 2162 
Nerve Leprosy, 1659 
Nervenfieber, 1363 
Nervous Fever, 1362 
Irritability, 88 


Nervous System, Derangements of, 
1519, 1524 , 1552 
Diseases of, 124, 1981 
References, 1991 
Effects on, of Temperature and 
Humidity, 76, 89 
Symptoms, in Atypical Subter- 
tian Malaria, 1175 
Nesokia bengalensis, 870 
Neuralgias, Malarial, 1180, 1184 
Post-Malarial, 1184 
Neurasthenia, 88 
Tropical, 1981, 1988 
War Zone, 1982 
Neuritis, 1587 
Alcoholic, 1981 
Arsenical, 1981 
Malarial, 1184 
Multiplex Endemica, 1671 
Ocular, 2006 
Peripheral, 1680 
. Endemic, 1981, 1989 
in Yaws, 1552-3 
N euroctena anilis, 365 
Neuro-Fibromatosis, 2273 
Neurolepride, 1651 
Neuropiera, 748 

Neuroryctes hydrophohice , 535 , 540 
Neuroses of War Zone, 1981-2 
Neurotoxins of Snake Venom, 255-7 
Neurotropic principles of Snake 
Venom, 244 

New-Born Children, Bullous Erup- 
tions in, 1518 
New Cacodyl, 26 

Diseases, Evolution of, 112, 114, 
394 

New Hebrideans, Arrow-Poisons of, 
1 86 

Newt, American, Trypanosome of, 401 
Ngumba-Fly, 830 
Niaibi (mite), 725, 2213 
Nicolaidi's Radio-Active Serum for 
Pellagra, 1732 
Nicollia, 491, 492, 500 
quadrigemina, 500 
Nigerian Arrow-Poisons, 184 
Night-Soil Fever, 1363 
Nigrococcus, 925, 932 
cyaneus, 932 
fuscus, 932 
nigrescens, 932, 2102 
Nijrsine africana, 1756 
Nile Boils, 931, 2021, 2024, 2027, 2165 
Nimetta-Fly, 81 1 
Nipple, Paget’s Disease of, 2277 
Niquirans, the, 60 
Nirmus, 750 
Nissl's Bodies, 1155 
Nitrohacteries, 932, 933 
Nitrobacterium, 933 
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Nitrobactevium nitrobacter, 93 3 
Nitrogen, Excretion of, in' Urine; 
India, 100, loi 

Metabolization of, by Various 
- Races, 100, loi 
Nkoulou, 1535 

Nocardia, 965, 1040, 1041 , 1123, 1521, 
1747, 1886, 1892, 1926, 
2008, 2141, 2148, 2149 
Dermatomycoses due to, 2041 
Species 

actinomyces, 1057 

alba, 1046 

albida, 1046 

albosporea, 1047 

appendicis, 1050, 1054, 1061 

aster oidt.3. 1053, 1068 , 2123, 2131, 

2140. 2141, 2149 
Comparison of, with N. bvasi- 

liensis, Table, 2132 
aurantiaca, 1047 
aurea, 1060 
beta, 1046 

herestneffi, new name, 1054 
hovis, 969, 1040, 1041, 1051, 1054, 
1057 , 1063, 1066, 1747, 
2008, 2009, 2130, 2131, 
2132, 2138, 2139, 2140. 

2141, 2148 
luteo-rosea, 1058 
sulphurea~alba, 1058 

hrasiliensis, 1068 

Comparison of, with N. aster - 
oides, Table, 2132 
hruni, 1054 

buccalis, 1054, 1061 , 1067 
Candida, 1051, 1060 
canis, 1053 
carnea, 1047, 1060 
carongeaui, 1063, 1066, 19O6, 

2041, 2139, 2260 
chalcea, 1047 
chromogena, 1060 
cinereonigra, 1046 
citrea, 1046 
ccelicolor, 1047 

convoluta, 1053, 1062 , 2140, 2142 
dassonvillei, 1054, 1059 , 2008,2009 
decussata, 1057, 1059 
dichotoma, 1045 
enteritidis, 1051, 1060 
equi, 1054 
erythrea, 1047 
farcinica, 1046, 1051 
foersteri, 1059, 2008 
foulertoni, 1054, 1892 
fusca, 1060, 2102 
garteni, 1050, 1060 , 2136, 2142 
2148 

gedanensis, 1053, 1892 
glauca, 1047 


Nocardia, continued 
Species, continued 
graminarium, 1051 , 
hoffmanni, 1047 
hominis, 1053 
hominis III., 1061 
indica, 1051, 1058 , 2131, 2133-4, 
2135, 2136, 2138, 2140, 
2142 

invulnerabihs, 1046 
Israeli, 1041 , 1053, 2008, 2009, 
2041, 2048 
krain-ikii, 1047 

krausei, 1054, 2136, 2137, 2140, 
2141 

lanfranchii, 1058 
lasserei, 1057, 1061 
leishmani, 1053, 1892 
lignieresi, 1054 
liguire, if 57 

lingualis, 1051, 1061 , 1074 
liquefaciens , 1050, 1060 , 2133, 
2140, 2142, 2148 
londinensis, 1054 
lutea, 1062 
luteola, 1050, 1060 
madurcc, 1053, 1058, 2131, 2132, 
2133, 2134, 2135, 2138 
melanocycla, 1047 
melanosporea, 1047 
microparva, 1047 
minutissima, 1053, 1061 , 2041, 
2080 
modori, 1050 
monospora, 1047 
nigra, 1054, 1062 , 1748 
odor if era, 1051, 1060 
orangica, 1046 
parva, 1047 

pelletieri, 1033, 1058, 2041, 2135 
pijperi, 1054, 1060 
pluricolor, 1047 

ponceti, 1054, 1060 , 2137, 2148 
I pseudotuber culosa, 1892 

pulmonalis, 1054, 1059, 1892 
rivierei, 1053, 1061 , 2041 
rosea, 1046 

rosenbachi, 1053, 1058 
rubea, 1046 
rubra, 1051 
saprophytica, 1045 
somaliensis, 1053, 2137-8, 2140, 
2141 

tenuis, 1063, 1066, 1067, 2101, 
2102, 2105, 2138 
thermophila, 1047 
thibiergi, 1066, 2149 
urinaria, 1057 
valvulcB, 1054 
violacea, 1046 
N ocardiacecB , 1040 
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Nocardial Abscesses, 2149 
Nocardiases 

Granular, of Tonsils, 1747 
Ocular, 2009 
Pulmonary, 1892 
Diagnosis, 1521 
References, 1894 

Nocardiomycosis, Tonsillar, 1747 
NoctuidcB, 1640 

Nodular Actinomycosis, 2110, 2148 
Affections of Fungal Origin, 2041, 
2042 

Rarer Forms, 2106 
Dermatitis, 2247, 2249, 2252 
References, 2263 
Leprosy, 1654 

Lipomatosis, Subcutaneous, 2247, 

2253 

Trichomycosis, 2101, 2105, 2042, 
2105 

Nodules due to Cestodes. 2220 
Jeanselme’s, 2260 
Juxta- Articular, 2260 
Sudan, 2165 

Symmetrical, of the Ear, 2247, 2252 
References, 2263 
Ulcerated, of Leg, iioi 
West Indian, 2247, 2254 
References, 2263 

Nodules and Muscle Tenderness, in- 
dications from, 1529 
Noguchi's Ancistrodon piscivorus Se- 
rum, 273 

Pure Croialus Serum, 273 
Nohu, 235 
Noma, 448 
Nomenclature of 
Disease, 287 
Parasites, rules for, 287 
Nomomeristica, 6go 
Non-Blood-Sucking Flies, Herpcto- 
monads of, 365 
Non-Bursata, 623, 624-5, 627 
Non-Oontagions Er3rsipelas, 2158 
Non -Development of 
Eye, 1959 
Thigh, 1959 

Non-Febrile Jaundice, 1517 
Pustular 

Syphilides, 1518 
Tuberculides, 1518 
Pyoses, Rashes due to, 1517 
Non-Fermenting Group of Strepto- 
cocci, 928 

Non-Follicular Hyperkeratoses, 2256 
Non-Gonorrhoeic Urethritis, 539, 
1938-9, 1943 
Non-Malarial Fevers 

Intermittent, High and Low, 
1464-5 

References, 1472 


Non-Malarial Fevers, continued 
Quartan, 1470 
Remittent, 1289 

Non-Patho genic Organisms, Poten- 
tial Pathogenicity ' of, 
114 

Nona, 1268 

North African Relapsing Fever, 1308, 

1314 

North American Relapsing Fever, 
1323 

Norwegian Beri-beri, 1690 
Nose, Affections of, see Nasal, above, 
see also Rhinal, etc. 
Partial Blocking of, indicative of 
Diphtheria, 1521 
Nosema, 287, 510, 513, 529 
apis, 529 
bombycis, 529 
Nosoparasites, 1069 
Noiechis, 246, 247 

pseudechis, 243, 247, 253 
scutatus, 247, 251, 253, 272, 273 
Notcedres, 731 

cati var. cati, 2215 
Noto stigmata, 692 
Nova &levSt, 1639, 2208 
Novarsenobenzol, 27 
Novarsenobillon, 27 
Novy's Rat-Disease, Virus of, Cul- 
' tivable and Filterable, 

541 

Noxious Larv3D, Dermatites due to, 
2200, 2207 
References, 2220 
N’tansi, 1260 
Nubians, 47 
Nuche, 828 
Nucleophaga, 298 

Nucleus of Protozoan Parasites, 290 
Nucleus de reliquat, 293, see also 
Nebenkdrper 
Nucleolus, 290 
Nutcherr (cereal), 1540 
Nutmegs, 173 

Nutrition of Skin, Disorders of, 2105, 
2017, see also Biotr p- 
sis, 2282 
Nuttalia, 491, 492, 500 
Species 

decumani, 500 
equi, 500 
herpetedis, 500 
microti, 500 
muris, 500 
ninense, 500 
Nux vomica, 189 
Nyctalopia, 2004 
Nycteribidce, 854 
Nyctotherus, 544 
References, 551 
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Nyctotherus, continued 
Species 

africanus, 546, 549, 660 , 1837 
faba, 546, 548, 649 , 1837 
giganteus, 546, 649 , 1837 
Known in Man, 549 
Nyssorhynchus, 792, 796 , 885 
Carriers of Malaria, 887 
Species 

annulipes, 795, 887 
brunipes, 796 
fuli^inosus, 795, 796, 887 
indtensis, 796 
jamesii, 796 
karwari, 796, 888 
maculatv^, 796, 887 
maculipalpis, 796 
var. indiensis, 887 
masteri, 795 
nivipes, 796 
philippinensis, 796 
pretoriensis, 796 
stephensi, 795, 887 
theobaldi, 796, 887 
tibani, 796 
willmovi, 796, 887 

Obermeyer's Relapsing Fever, 763, 

765 

Obstruction, Intestinal, J739, 1753 
Obstructive Jaundice, 1907 
Oceania, Diseases of, 123 
Vegetal Poisons, 164 
Oceanic Races, 49, 55 
Ochindundu, 767 
Ochipia, 222, 2208 
Ochisia, 226, 2208 
Ochrodermatosis, 2222, 2236 
Ochroid Maduromycoses, 2113 sqq. 
Ochromyia anthropophaga, 849, 1637 
Ochronosis, 2233 
OctomitidcB, 464 
Octomitus, 464, 465 
dujardini, 465 
hominis, 465 
intestinalis, 465 
muris, 465 

Octosporea musccs-domesiiccs, 295 
Ocular Albinism, 1995, 2004 
Aspergillosis, 1031, 2009 
Blastomycosis, 2009 
Filariasis, 1972, 1974. 2007 
Glenosporosis, 2009, 2010 
Haemorrhage, 2005 
Moniliasis, 2009 
Mycoses, 2008 

Myiasis, 1622, 1625, 1627 , 2007 
Neuritis, 2006 
Nocardiases, 2009 
Opacities, 2000, 2005, 2006 
Paragonimiasis, 2007 


Ocular Albinism, continued 
Refraction, Errors of, 1995 
Sporotrichosis, 2008, 2009, 2010 
Symptoms in Subtertian Malaria, 
1181 

Odontopsyllus, 866 
charlottensis, 866, 867 
telegoni, 866 
Odours, Racial, 2223 
(Ecacta, 802, 805 
furens, 805 
hostilissima, 805 
(Eciacus, 762, 766 
hirudinis, 766 
vicarius, 766 
(Ecology, 116 

(Edema, Indications from, 1531 
Parasites causing, 552 
Rashes associated with, 1514'! 5 
Angioneurotic, 1729, 1731 
of Eyelids, 1994 
Patchv, Malarial, 1181 
Quincke's, 1181 
Tropical, 1693 
War Zone, 1693 
(Enanthe crocata, 188 
(Esophageal Vein-Dilatation, 1749 
(Esophagostomum, 624, 659, 661 
References, 682 
Species 

apiostomum, 661 
brumpti, 624, 661 , 1840 
deniatum, 661 
stephanostomum 
var. dentigera, 661 
var. thomasi, 624, 661 , 1841 
subulatum, 661 

(Estridce, 825 , 1627, 1-630, 1632, 1633, 
2208 

Larvae of 

Dermatites due to, 2207 
Reference, 856 
(Estrince, 825 

CEstromyia satyrUs, 1639, 2209 
CEstrus, 826 
guildingi, 1620, 1633 
hominis, 828, 1620, 1633 
humanus, 1633 
ovis, 827, 1625, 1627, 1633 
CEufs d’Helminthes, 476 
Officials, Tropical, see also Candi- 
dates 

Check Examination of, on Arrival, 
129 

Ogmodon, 246 
vitianus, 251 
OicomonadidcB , 333, 334 
Oicomonas, 334 , 343, 1833 
References, 357 
Species 
anatis, 336 



INDEX 


238^ 


Oicomonas, continued 
Species, continued 
canis, 336 
gallinarum, 336 
hominis, 336 , 1796 
mutabilis, 335 
perryi, 336 
pyophila, 335 
vaginalis, 336 , 1946 
Oicomonata, 1838 
Oidiomycosis, 1073, 2081 
Bronchial, 1889 
Oral, 1741 
Tonsillar, 1748 

Oidium{ia), 981, 1070, 1073, 1078, 
1093 , 1742, 1743, 1748. 
1886, 1890, 1891, 1944, 
1945, 2081 
Reference, 1124 
Species 

albicans, 1085, 1741, 1781 
asteroides, 1093, 1095,1743, 1782, 
1890 

atircum, 1079 

coccidioides [Coccidioidcs inimiiis) , 

985 

cutaneum, 1092 
furfur, 1099 
immitis, 985 
lactis, 1093 , 1742, 1890 
var. A, 1095 

matalense, 1093, 1096 , 17/^2, 

1890 

porriginis, 1012 
protozoides, 985 
pulmoneuni, 1091 
roseum, 1091 

rotundatuni, T093, 1095 , 1743, 

1748, 1782, 1890 
schoenleini, 1012 
in Sprue, 1095, ,1782 
subtile, 1099 
subtile cutis, 1091 
tonsurans, 999 
tuckeri, 1742 
Table of, 1094 
willia, 1782 
Oil of Aniseed, 191 
of Chenopodium, 1770 
Useless for Snake Bite, 277 
Oiling of Water, Larvicidal, 1208 
Old World Rats and Mice, 915 
Oleander Dermatitis, 2162 
Oleanders, Poisons from, 165, 167 
Oleina, 983 
Olfersia, 855 
Oligosporogenea, 529 
Oligotricha, 547 
Ombanja, 2241 
Omphalopagus, 1958 
Omphalositic Monsters, 1958 


Onchocerca, 623, 632, 649 
References, 681 
Species 

gibsoni, 649 
guiturosa, 649 

volvulus, 623, 649 , I9bi, 1964, 
1966 

Dermatitis due to, 2219 
OnchocercincB, 631, 649 
Onchophora, 689 
Onchosphere. 599 
Onions, 97 
Onyalai, 1698 
References, 1699 
Onychia, 2283 
Framboetic, 1550 
Onychogryphosis, 2283 
Onychomycosis, 1026, 2283 
Tropicalis, 2059 
Onychorrhexis, 2283 
Ookinete, 295 
Olhnyceies, 972 
Oordh dal, 196 

Oospora, 987, 1041, 1042, 1078 , 1105, 
1117 

asteroides, 1053, 1058 
bovis, 1051, 1057 
buccalis, 1054, 1061 
canina, 1078 
doricB, 1046 
foesteri, 1066, 1067 
guignardi, 1046 
hominis, 1061 
indica, 1051 

var. flava, 2117, 2134 
var. nigra, 2117, 2134 
lingualis, 1061 
metschnikovi, 1045 
minuiissima, 1053, 1062 
pelletieri, 1053, 1058, 2135 
perieri, 1092 
porriginis 1012 
pulmonalis, 1054 
pulmonea, 1091 
tozeuri, 1105, 1106 
OosporacecB, 986, 1070, 1078 
O osporangi um, 971 
Oospores, 971 

Ootype of W atsonius watsoni, 562 
Opacities, Ocular, of Various Causa- 
tion, 2000, 2005, 2006 
Opalines, 544, 545, 546 
Ophidia, Parasites of, 401, 480, 

487 

I Venomous, 242 
I References, 280-1 

Venoms of. History, 242-4 
' Ophidismus, 242 
Ophiodes, 722 
Ophiotoxin, 254 
Ophryocystis, 471 
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Ophthalmia, 120, 124, 899, 900, 902, I 
908, 1994 , ' 

iEgyptiaca, 1998 
Neonatorum, 1996, 1997 
Nodosa, 1996 

Ophthalmomycoses, 2008 i 

OpilioacaridcB, 692 ' 

Opiliones, 690 
Opisthobranchiata, 892 
Opisthoglypha, 245 
OpisthorchiidcB, 564, 575 
OpisthorchiiniE, 575 
Opisthorchiosis, 1906, 1907, 1917 
References, 1917 

Opisthorchis, 557. 576 , 1776, 1908 
caninus, 577 

felineus, 573 , 1907, 193 7 
References, 594 
noverca, 577 

References, 593 
pseudofelineus, 576 
viverrini, 577 
Opisthothelcs, 212 
Opium, 169, 178 

Use and Abuse of, 169, 175 
Opium Poisoning, 169 

Differential Diagnosis from Heat- 
Stroke, 1456 
Oppila9ao, 1283, 1761 
Oppilatio, 1761 

Optic Affections, see Eye, Ocular, 
and under Names, 2005 
Oral Blastomycosis, 2084, 2085 
Diseases and Infections, 263, 1740 , 

1745 

Myiasis, 1625 
Oidiomycosis, 1741 
Spiroschaudinnia, 448, .^50, 452 
Temperatures, 70, 71 
Treatment in Ankylostomiasis, 
1771 

Treponema, 461 

Orchid Subgroup of Dermatitis-caus- 
ing Plants, 2159 
Orchidacees, 2153, 2159 
Orchitic type of Subtertian Malaria, 

1180 

Orchitis, 1939 
Filarial, 1595, 1603, 1605 
Ordeal, Trial by. Poisons used in, 178-9 
Organic Preparations as Aphrodisi- 
acs, 172 

Poisons, 162 sqq. 

Organs, Localized Derangement of, 
1512, 1524 

Organs of Special Sense, Diseases of, 

1993 

References, 2014 

Subtertian Malaria attacking, 1175, 

1181 

OfibatidcB, 692 


Oriental Sore (Cutaneous Leish- 
maniasis, q.v), 20, 2165 
^ References, 2197 
Ovnithoctona, 855 
OrnithodoYOs, 702, 705, 919 
Species 

CBqualis, 704 
americanus, 708 
canesirini, 705 
coriaceus, 708 
erraticus, 705 
furcosus, 705 
lahorcnsis, 708 
megnini, 700, 708 , 1319 
miliaris, 708 

mouhata. 20, 2 if\ 430, 440, 445, 
453. <>9L 702, 705, 

706 , 767, 919, 1318 
pavimeniosus, 768 
rudis, 

savignyi, 696, 700, 705 , 9x9 
var. ccBca, 706 
tc^aje, 217, 919 
tholozani, 700, 705 
turicaia, 216-17, 700, 708 , 919, 
1319, 1324 

Parasitic to Man, 700 
Ornithoglossum glaucum, 190 
Orniihomyia, 855 
lagopodis, 526 

Ornithorhyncus paradoxus, 279, 280 
Oro-Gastro-Tntestinal Myiasis, 1222, 
1620, 1621, 1628 
Oro Poisoning, 164, 168 
Oro-Pharyngcal Blastomycosis, 2084 
Leishmaniasis Indian, 2165, 2179 
Oroya Fever, 1366, 1567, 1575 

Causal Agent, 302, 303, 304, 542, 
1370, 1576 
Diagnosis, 1527 

Differential, 1568, 1376 
Orpiment, 27 
Oriholfersia, 853 
Orthoptera, 748, 871 
Parasites of, 546 
Orthorrhapha, 773 , 814 
nematocera, 774, 801 
Os Calcis, Endemic Enlargement of, 
1524, 1967, 1979 
References, 1980 
Oscillaria, 504 
OscinidcB, 901, 902 
Reference, 836 
Osier's Parasite, 737 
Osmanli Turks, 53 

Osseous System, Derangements of, 
1519, 1523 , 1552 
Ostariophysi, 232 
Osteitis, Fibrous, 1552 
Osteomalacia in Multipara, 1943 
Osteomata, 123 
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O^eqmyelitis, 113, 1523, 1529 
Osteoperiostitis, 2106 
Otalgia, Intermittent, Malarial, 2013 
Otitis, 1059 
Acute, 1023 

Externa Circumscripta, 2012 
Ossificans, 2012 
Parasitica, 2011 
Media, 1025, 1949 
Suppurative, 2013 
Otocephalus, 1958 
Otomi, the, 56, 57 
Otomucormycosis, 974, 976 
Otomycosis, 967, 974, 975, 1029, 

1032, 1078, 1084, 1089, 

1113, 1114, 1117, 2011 

Aspergillina, 1031, 2011 
Ouabain, 182 
Ouabaio, 182 
Ou9oes, 2218 
Ourari or Curari, 185, 186 
Ova in Sputum, indications from, 
1521 

Ovaenya, 853, 1631 
Ova-Herero, the, 53 
Ovambo Arrow-Poison, 183 
Ovarian Cysts, 1945 
Ovaritic Neuralgias, Malarial, 1180, 
1184 

Ovaritis type of Subtertian Malaria, 
1180 

Overwork, 1989 
Ovoplasma, 488, 491 
anucleaium, 491 , 1468 
Ovoplasmosis, 1468 
Ovovitellin, 260 
Owl-Midge, 905 

Owl, Little, Development in, of 
Hcemoproteus noctucB, 

519. 524 

Owls, Leucocytozoon danilewskyi of, 
432 sqq. 

Oxalate Poisoning, 1673, 1674 
Oxalis anthelmintica, 1753 
Oxaluria, 1926, 1933 
References, 1937 
OxygenacecB, 986 
Oxyporus subterraneus, 1640 
Oxyuriasis, 1776 
OxyuridcB, 623, 626, 657 
Oxyuris, 623, 657 , 1776, 1777 

vermicularis, 122, 124, 286, 623, 
632, 637 , 1776, 1777 
References, 682 

P ACHYCROPoiDiius duhius, 908 
Pachydermia, 1610 
Pdohyrhizus angulatus, 188 
Pachyrrhizid, 188 
Pacific Islands, Races of, 49 
, Vegetal Poisons of, 164 


Padavalmicum, 21 ii, 2116 
Pcederus, 226 

columhinus, 226, 2204, 2205 
crihipunctata, 226 
elongatus, 1640 
peregrinus, 226, 2204, 2205 
Paget's Disease of the Nipple, 2277 
Pain, Racial Susceptibility to, 2265 
Painless Chronic Ulcers, 2191 
Pakitsar, 1824 
Palate, Cleft, 1959 
Paleolithic Arrow-Poisoning, 180 
Paleopathology, 1 12-13 
Palicourea marcgravii, 191 
Palisota barieri, 183 
Palliata, 889 
Pallor, 86 
Facial, 1903 

Palmar Erythema, Symmetrical, 
2222, 2224 
References, 2246 

Palms and Soles, Framboesial Erup- 
tions on, I 550-1 
Palpebral Blastomycosis, 2009 
Sporotrichosis, 2008 
Palpigrada, 690 
Palpomyia, 802, 803, 806 
Paludism, 1129 
Paludisme, 1129 
Paludismo, 1129 
Pampean Races, 60 
Pamperos, the, 81 
P ana X quinque folium Root, 172 
Pancreas, Ascaris Infection of, 553, 
1908 

Cancer of, 1 908 
Diseases of, 1906, 1907 
References, 1918 

Symptoms associated with. De- 
ductions from, 1524, 

1525 

Pancreatic Ducts, Acute Suppurative 
Catarrh of, 1907 
Pancreatitis, Reference, 1918 
Various Forms 
Acute, 1525 

Chronic, 1532, 1788, 1908 
Haemorrhagic Acute, 1907 

Subtertian Malaria resembling, 

1177. 1178 

Subacute, 1908 
PandinidcB, 207 
‘ Pandu roga 666 
Pangonia, 820, 822 
heckeri, 823 
comata, 823 
gulosa, 823 
fostrata, 823 
ruppellii, 823 
varicoloY, 823 
Pangoninez, 817, 820 
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Pani-ghao. 1764 
Pan-maa (beetle), 172 
Panneuritis Endemica. 1671 
Pannus, 1999, 2000 
Carateus, 2093 
Panophthalmia, 2003 
Panoplites africanus, 638, 644 
Pansporoblast, 292, 293 
Panpapqda, 690 
Papa j os, the, 60 
PapaveracecB, 2153 
PapilionidcB, 1640 
Papilloma Inguinale, 2165, 2196 
References, 2199 
Papillomata, Cutaneous, 123 
Pappataci Fever, 1233, 1254 
biology, 1255 

Castellani’s Sign in, 1256, 1257 
Climatology, 1255 
Complications, 1258 
Course, 1257 
Definition, 1250 
Diagnosis, 1257, 1527 

Difierential, 1250, 1257-8, 1337, 

1497. 1498, 1505. 1514 

History, 1254 
Immunity, 1256 
Incubation, 1256 

Insect Carriers, 542. 547, 809, 810, 
920, 1128, 1254, 1255 
Morbid Anatomy, 1256 
Onset, 1256, 1527 
Pathology, 1255-6 
Prognosis, 1258 
Prophylaxis, 1258 
Rash, 1514 

References, 1242, 1258 
Relapses, 1258 
Sequelae, 1258 

Symptomatology, 1256-7, 1429 
Synonyms, 1244, 1254 
Transmission, 920, see also Insect 
Carriers above 
Treatment, 1258 
Varieties, 1258 
Virus, Filterable, 542 
Papua, Diseases of, 123 
Papuans, the, 49, 53 
Papular Eczema, 2252 

Eruptions, Diagnosis of, 1513, 

1515 

Fever, 1471-2, 1515 
Papulo-Pustular Eruption in Glan- 
ders, 1529 

Papulo-Vesicular Vaccinia, 1496-7, 

1516 

Parabasal, 353 
Paracephalus, 1958 
Parachol^ra, 801, 1804, 1819 
J£tiology, 962, 964, 1819, 1820 
References, 966, 1823 


Parachordodes, 679 
alpestris, 679 
pustulosus. 679 
tolosanus, 679 
violaceus, 679 
Paradysentery, 1842, 1845 
Paraframboesial Affections, 1556 
Parafuchsin. 26 
Paragonimiasis. 1584 

Etiology, 287, 575, 1533, 1684 
Complications, 1587 
Climatology, 1585 
Definition, 1584 
Diagnosis, 1521, 1587 
Differential, 1875 
History, 1584 
Pathology, 1586 
Prophylaxis, 1587 
References, 1588 
Symptomatology, 1587 
Synonyms, 1584 
Treatment, 1587 
Abdominal, 1587 
Cerebral, 1587 
Generalized, 1587 
Ocular, 2007 
Thoracic, 1587 
Paragonimus, 572 , 1776 
compactus, 573 
kellicotti, 573, 574 
ringeri, 287, 552, 572, 573, 575 , 
894, 1584, 1585, 1885, 
1889 

rudis, 573 

westermanni, 573, 1584, 2007 
Paragordius, 679 
cinctus, 679 
tricuspidatus , 679 
varius, 679 
Paraguay Tea, 177-8 
Parakeratosis, 2033 
Variegata, 2272, 2273 
Paraleprosis, 1663 
Paralysis, 123, 1587 

Accommodation, of Eye-Muscles, 
2005 

Agitans, 1919 
General, 1981 

of Orbicularis palpebrarum, 2006 
Progressive, 2279 
Spastic, 1981 
Sudden, 173 
from Tick-bite, 872 
Paralytic, Vertigo, Endemic, 1981, 
1982 

Paramoeba, 298, 300, 324 
eilhardi, 324-5 
hominis, 325 

Paramcecioides costatus, 393 
Paramoecium, 381, 393 
aurelia, 545-6 
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Parammcium, continued 
coU, 547 
costatum, 393 
loricatum, 393 

parameningococcus, 1478, 1479 
ParamphistomidcB, 561 
Reference, 594 
PavamphistomincB , 561 
Paramphistomoidea, 561 
References, 594 
Paramphistomum, 561 
watsoni, 562 
Paramycetoma, 1741, 2015, 2017, 

2110, 2145 

Paramycetomas, 2110, 2145 
References, 2150 
Paranaemia Tropicalis, 75 , 1903 
Paran^i, 1535, 1536 
Parapestis, 1962 
Paraplasma, 491 
flavigenum, 1231, 1233, 1902 
Paraplasmata, 1903 
Paraplegia Mephitica, 1671 
Pavapsyllus, 865 

Parasaccharomyces, 1080 , 1092, 1742, 
2081 

harteri, 1080 

Parasites, Definition of, 285 
Endemicity of, 115 
Evolution of, 1 1 3 
Animal, 285 

Diseases due to, 285, 1533, 

1535 

Nomenclature, 287 
Rules of, 287 
Reproduction, 286 
Intestinal, 122, 123 
Metazoan, 287, 552 
Periodical, 286, 554, see also 

Microplaria 
Protozoan, 287, 288 
Diseases due to, 1533, 1535 
References, 328-9 
Stationary, 285-6 
Temporary, 285 

Vegetal, 115, 285, 872, 922 , 923, 
1533.1679 

Parasitic Arthropods, Diseases due to, 
V 1 128, see also Arthro- 
poda 

Diseases 

Endemic, 116 
Study of, 116-17 
Limitation of, by Food Supply 
of Insect Transmitter, 
691 

of the Skin, 2264, 2267 
Unspecified, 122 
Flies, 814 , 825 
Granuloma, 2165 
Haemoptysis, 1584 


Parasitic, continued 
Infection 

Methods of, 553, 554 
Prophylaxis, 554 
Monsters, Double, 1959 
Worms 

Carried by Arthropods, 24, 873, 
876, 908 

Diseases due to, 1533, see also 
Helminthic Diseases, 
1752 

Parasitism, Chance, 287, 546, 554, 
920, 1944 

Efiects according to 

Absorption of Food, 553 
Bacterial Infection introduced 
by Parasite, 553 
Condition of Host, 553 
Migration of Parasite in Body, 

553 

Organ affected, 552-3 
Species, condition and numbers, 

552 

Hygiene as Prophylaxis against, 

554 

Permanent, 286 

True, 554, see also Hyperpara- 
sitism, 1 16, and Poly- 
parasitism, 1776 
Parasyphilis, 122, 1981, 2279 
Parathyroid Glands, Diseases of, 1919 
Paratyphoid Fevers, 1362, 1363, 

1404, 1466, 1810, see 

also Parenteric, 1404, 
and B. paratyphosus, in 
Bacillus (t) 

Bacilli of, 22, 1363 
Reference, 965 
Carriers, 1370 

Immunization against, 114 
Prognosis, 1398-9 

Prophylactic Vaccination, 23, 128 
Para-Undulant Fever, 1441, 1447 
Parenchymatous Goitre, 1920 
Parendomyces, 1080, 2081 
balzeri, 982 
Parenterica, 1362 

Definition, 1362, 1404 
Parenteric Fevers, 1362, 1404 
iEtiology, 1362, 1405-6 
Classification, 1405-6 
Climatology, 1405 
Diagnosis, 1407 

Differential, 1395, 1397 
Frequency of, 1406-7 
History, 1405 
Morbid Anatomy, 1406 
Pathology, 1406 
Prognosis, 1398, 1407 
Prophylaxis, 1407 
References, 1414 
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Parenteric Fevers, continued 
Symptomatology, 1406 
Synonyms, 1404 
Treatment, 1407 
Varieties, 1408 
ParhcBmatopota, 820 
cognata, 820 
Pariodontis, 865 
Parleala, 1700 

Paronychia, Framboetic, 1550 
Par<^pisthorchis, 577 ' 

caninus, 577 1 

Parotid Glands, 1 524 
Swelling of, 1526 

Paroxysmal Haemoglobimiria, 1212 
Parrots, Epizootic of. Transmissible 
to Man, 1408 

Parsnips, Dermatitis-causing, 2157 
Pascha-churdj, 2165, 2169 
Parthenogenesis, 295 , 337 
Pasteur ella, 933, 943 
cholercegallinarum, 943 
coscoroba, 941, 943 
gallince, 933 

pestis {B. pestis, q.v.), 943, 1416, 
1419 

Pasteurellece, 933, 943 

Pastinaca sativa Dermatitis-causing, 

2157 

Patagiamyia, 884 

Malaria-carriers, 885 
pseudopunctipennis , 885 
Patagonians, the, 56 
Patchy Malarial (Edema, ii8t 
Patek, 1535 

Paspalum scrobiculatum, 190. 195, 
199, 200 
Paspalismiis, 195, 199 
References, 202 
Passu maks, the, 55 
Pathogenic Potentiality of Non- 
Pathogenic Organisms, 

1 14. 394 

Patient Carrying on Ordinary Work 
Acute Fevers of, without Striking 
Physical Sign, 1526 
Unable to Carry on Usual Duties 
Acute Fevers of, without Strik- 
ing Physical Sign, 1527 
Paul of .Egina, 12, 17 
Paullinia, 164 

pinnaia, 164, 168, 186 
sorbilis, 168, 177 
Patdowilhelmia speciosa, 188 
Pausinystalia trilhesti, 172 
P^brine of Silkworms, 529 
Pechadi, 200 
Pectinale Bodies, 990 
Pectinibranchia, 890 
PecHnifera, 6go 
Pectohothrii 560 


2138$ 

PedicincB, 754 
Pedicinus, 758 
euryga^tes, 758 
longiceps, 758 
microps, 758 
piageti, 758 
PediculidcB, 753 , 2200 

Mouth-parts, and Mode of Blood- 
sucking, 752, 2201 
Pediculina, 752 
PediculincB , 754 
Pediculoides, 728 
triad, 728 

ventricosus, 728 , 2214, 2216 
Pediculosis, 2201 , 2268 
Capitis, 2202, 2268 
Corporis, 2202, 22(i8 
Pigmented forms, 2203 
Pubis, 22c>i, 2202 , 2203, 2268 
Pedicuhis, 380, 755 , see also Lice 
Diseases spread by, 542, 1308 sqq., 
1501, 1650, 1679 
Nomenclature, 750 
Rash due to, 1516 
Species 
asini, 752 

capitis, 755, 756, 897, 1679 
cervicalis, 755 
columbeu, 750 
consobrinus, 755 

corporis, 363, 733, 757 , 1308, 
1309, 1314. 1315, 1326, 
1329, 1331, 1^332, 2201, 
2202, 2203 

Spreader of Trench Fever [q.v.), 
1301 sqq. 

humanus, 755 , 1308, 1309, 1329, 
1332, 2201, 2202 
var. capitis, 755 
nigritarsum, 755 
pubis, 757 
punctatus, 755 
suis, 732 

vestimentorium, 542 
vituli, 752 
Pedipalpi, 6 go 

Pedro Fernandes (manchineel), 2157 
Peenash, 1621, 1626 
Pelandria, 1700 
Pelargonium flabelliforni, 1 837 
tuber osa, 1857 
Pelecorhynchus, 823 
Peliosis, 1698 

Rheumatica, 1516 
Pellagra, 1700 , 1788, 1981 

etiological Theories, 103, 109, 124, 
920, 1533, 1708 
Climatology, 124, 133, 1706 
Complications, 1514, 1717. I 727 ‘ 8 * 

1733 

Definition, 1700 
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Pellagra, continued 
Dia^osis, 1728-9 
Differential, 1688, 1 730-1, 1990, 
2231 

Diet, 1733 

Effect in, of Sun-rays, 80 
Erythema of, 2158 
Histopathology, 1 720-1 
History, 1700-6 
Incidence 

Age, Condition and Sex, 1717 
Seasonal, 1708, 1716, 1722 
Insect Vector, suspect, 812-13, 
1716, 1717, 1733 

Maize in relation to, 105, 1073 sqq., 
passim 

Morbid Anatomy, 1 71 9-21 
Pathology, 1718 

Parasites associated witli, 1713 sqq. 
Predisposing Causes, 1717 
Prognosis, 1731 
Prophylaxis, 1733-4 
References, 1734-5 
Relapses, 1731 
Symptomatology, 1 721-7 
Synonyms, 1700 
Treatment, 1732-3 
Water in relation lo, 1707, 1713, 
1715, 1717, 1725 
Pcllarella, 1700, 1701 
Pcllarina, 1700 
Pellodera pellio, 628 
Pollote, 176 
Pelomyxa, 298, 323 
Pelor filament 0 sum, 232, 238 
japonicum, 239-40 

Pelvic Deformity due to Osteomalacia, 

1945 

Examination of Women going to 
the Tropics, 129 
Pemphigus, 2020 
Acutus, 2025, 2206 
Contagiosus, 2018 
in Children, 124 
Foliaceus, 2269 
Neonatorum, 1518 
Septic, 1518, 2269 
Vegetans, 2269 
Vulgaris, 2269 
Penicillidia dufouri, 854 
Penicilliopsis, 1024 
Penicilliosis, Bronchial, 1892 
of Hairy Parts, 2041, 2092 
Penicillium, 987, 1024, 1025, 1111, 
1123, 1836, 1891, 1892, 
1945, 2093, 2098, 2149 
Dermatomycoses due to, 2041 
Species 

havheB, 1024, 1026, 2041, 2092 
hrevicaule, var. hominis, 1024, 

1026 


Penicillium, continued 
Species, continued 

crustaceum, 1024, 1025 
crustatum, 1892 
expansum, 1025 
glaucum, 1025, 1712 
Intermediate, 2094, 2095 
minimum, 1024, 1025 
montoy ai, 1024, 1025, 2094, 2098 
pictor, 1025 
pruriosum, 1024, 1026 
Penis, Epithelioma of, 1939 
Penjdeh Ulcer, 2166 
Pentastoma, Pentastomum, 73a 
constrictum, 734 
denticulatum, 733 
diesingi, 734 
curyzonum, 734 
leonis, 734 
monilijormis, 73G 
poiyzonum, 734 
protelis, 734 
subcylindricum , 738 
icenoides, 733 

Pentatrichomonas, 352, 356 
ardindelteili, 356 
bengalensis, 356 
Pentosuria, 1924 
Pepper, Black, 170 
Perciformes, 232 

Perforation of Bowel by A scans, 1961 
of Typhoid Ulcer, 1961 
Porical, 1595, 1610, 21 ii, 2116 
I Pericarditis, 1904 
1 Pericoma, 806 
! PcridinccB, 923 
i Pcvillopus, 367 
I Perilymphangitis, 651 
! Perinephritis, Phlegmonous, 1949 
I I\)riodic One-day Fever, 1501 
j Periodical Winds, 80, 81 
j Periodische Fieber, 1501 
Periostitis, 1075 

Chronic Dihuse in late Framboe- 

sia, 1535 

Digital, Multiple, in Yaws, 1552 
Peripatus, 689 

Peripheral, Neuritis, Endemic, 1981, 

1989 

Pcriplaneia, 765 
Periplast, 330, 331 
PerisporiacetB, 2008 
Perisporiales, 985 
Peritonitis, 1058, 19G1 
Periiricha, 54G 
Perleche, 1746, 2284 
Permanganate of Potash as Antidote 
to 

Arrow-Poison, 181, 182 
Snake-BitQ, 243, 275, 277, 280, 
1804, 1812 
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Permanent Winds, 79 
Perneirus, 1671 

Pernicious Anaemia, 1169, 1575 
Malaria {see also Malaria, Perni- 
cious), 1129, 1182 
Persia, Diseases of, 120 
Persian Relapsing Fever, 919, 1322 
Pertussis, 120 

Peruvian Disease, Acarine, 691 
Wart, 1566 
Pes Febricitans, 1610 
Gigas, 1959, 1967, 1978 
Pest of Havana, 1229 
Peste, Die, 1416 
Peste, La, 1416 
Peste Bubbonicci, 141 6 
Pcstis, 1416 

Americana, 1229 
Petite Vcrole, 14 80 
l^eyote, 124 
Peyottl, 176 
Pezizales, 985 
Pfeifferia princeps, 474 
Pfeilfer’s Glandular Imvcr, 1522 
Pfendevius, 561 

Phacelia infundibuhforniis, 124 
Phacidiales, 985 
PhcBHOcystes, 528 
PhcBophycecB, 923 

Phagedaena, Hospital, 428, 2182, 

2185 

Tropica, 2181 

Phagedenismus, Trepische, 2181 
Phagocytosis, 293 
Phalangomyia debilis, 504 
PhanerogamcB, 923 
Pharaoh’s Tahuret, 19-11 
Pharyngeal Invasion by Fasciola 
hcpatica (llalzoun),i740 
Pharyngitis, Membraiio-ulcerative, 

1745 

Phasniidce, 871 
Phauloixodes, 711 
rufus, 713 

Phialidalinece, 1111, 1123 
Phialide, 1037, 1039 
Philcsmatomyia, 832, 833 
gurnei, 833 
insignis, 833 
lineata, 833 
Philcemon, 688 
grandicheri, 688 
pungens, 688 

Philippine Islands, Arrow- Poisons 
of, 186 

Diseases of, 122 
Fish-poisons of, 188 
Races of, 55 
Vegetal Poisons of, 173 
Philipowicz’s Sign, in Enteric, 1381 
PhilopteridcB , 751 


Phimosis, 1939 

Phlebectasis, Filarial, 1603, 1607 
Phlebitis, Suppurative, of Spermatic 
Cord, 1939 
PhlebotomincB, 806 
Phlebotomur Fever, 1254 
Phlebotonius (fly), 802, 806 , 1527 
Diseases and Parasites carried by, 
3t>3. 379-8t>, 54^> 

809, 810, 9T9, 920, 1568 

Species 

angustipennis, 809 
antennatus, 809 
argeniipes, 809 
babu, 809 
cyuciatus, 809 
duboscquli, 8(‘9 
himalayensis, 809 
Icgevi, 809 
major, 8c 9 
malabaricus, 809 
}}iascitii, 809 
m^nuius, 809 

var. africana, 809 
nigevrimus, 809 

papatasii, 542, 8o(^, 810, 1254, 

1255 

perniciosus, 809 
periurbans, 809 
yostrans, 809 
squamiplairis, 809 
vervucayum, 810, 919, 1568 
vex a tor, 809 

Phlegmasia Malarica, lOio 
Idilegmonous Inflammation of Sto- 
mach, 1520, 1749 
Perinephritis, 1949 
Phlyctenular Keratitis, 2002 
Phcnnicians, the, 47 
Phoneygates hicoloylpes, 219, 091, 

767 

Phopalosylla, 865 
Phoya femorata, 900, 904 
pain pes, 1630 
rufipes, 1630 
Phovidce, 824 , c^oo, 1630 
Phosphorescent Sweat, 2224 
Phosphoridrosis, 2224 
Phosphorus Deficiency, and Beriberi, 
1673, 1678 

Yellow, Rat-Pcnsoniiig by, icjo-i 
Phrenitis, 1474 
Phryganea grandis, 1640 
Phthiriasis, 2201 , 2202 , 2203, £268 
Pkthirius, 752, 754, 757 
pubis, 757, ^201, 2202 
Phthisis, 7, 122, 1639, 1603, 1875, 

18S5, 1893 

Abdominalis, 1780 ^ 

Acute, 1526 
Phya afyicanus, 894 
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Phycomycet&s, 923 , 971 , 972 , 1070 
PhyUoUHonas, 334 
Physa, 894 

Pkysalia pelagica, 20. \ 

Physaloptera, 623, 630 
References, 681 
Species 

caucasica, 623, 631 
mordcns, 623, 631 
PhysalopteridcB, 623, 624, 630 
Physic-Nut, 166 
Physical Causes of Disease, 24, 67 , 
1 15, 137 , 147 , 156-7, 
1128, 1356, 1449 
References. 92, 141, 1460 
Regulation of Body Heat, 69 
Phy sides, 894 
Physoclisii, 232 
Physogaster larvarum, 728 
Physopsis africana, 894 
Physostigma venenosum in Ordeals, 
178 

Antidote, 179 
Physostomi, 232 
Phytobdella, 688 
meyeri, 688 
moluccensis, 688 
Phytolacca decandra, 2153 
PhytolaccaceeB, 2153 
Phytomonadina, 332 
Pian, or Pians, 24, 1535, I53^^ 

153^ 

Pian-Bois, 380. 2165 
Pichia, 979 
Picric Acid, 26, 1202 
Piebald Skin. Acquired, 2227 
Piedra, 1101, 1102, 2100 , 2105 
Nostras, 2105 

Pigeons, Parasites of, 353, 355 
Poisoning of, 191 

Pigmentation, Cutaneous, 75, 84 sqq., 
145, 1181, 1529, 1531, 
2203, 2232, 2236, 2265, 
2266, see also Diseases 
in which present 
Diagnosis, 1513, 1519 
Facial Pallor due to, 1903 
Sources 

Cells of Epidermis, 87 
Haemoglobin, 87 
of Nails, 2230, 2236, 2283 
of Tongue, 1731, 1746, 2265, 2283 
Pigmentary Fever, 2232 
Pigmeophorus , go 8 
Pigs, Parasites of, 353. 355 

Wild, Traumatisms due to, 153 
Pilobolus crystallinus, 967 
Pilocarpus pennatifolius , 2153 
Piltdown Skull, the, 112 
Pi mas, the, 60 
Pine- Apple, Unripe, 170 


Pink Bollworm of Cotton, Parasite of, 
affecting Man, 2214, 
2216 

Pink Eye, 1527, 1999 
Pinoyella, 1015, 1023 
simii, 1023 

Pinta, 124, 1025, 1029, 1032, 1084, 
2042, 2077, 2079, 2098 , 
2230 

References, 2108 
Varieties and Subvarieties, 
2097-9 

Red, 2094, 2095 
White, 1092, 2094, 2095 
Piophila, 902 

casei, 900, 902, 1626, 1630 
Piper methysticum Root, 176 
nigrum, 170 
Piperaceee, 170, 176 
Pipils, the, 60 
Piptocladiacees, 972 
Piroplasma, 21, 215, 359, 360, 369, 
419,492,1328,1341 
Classification by Hosts, 492-3 
Insect Vectors, 21, 23, 700, 712 
Species 

annulatum, ^97, 700 

aristotelis, 498 

avicularis, 493 

bigemina(iim), 497 , 499, 700 

bovis, 21, 492, 497 

caballi, 492 

canis, 21, 493 , 700 

cervi, 498 

diver gens, 492 

donovani, 20 

equi, 700 

gihsoni, 497 

minense, 498 

muris, 493, 498 

mutans, 499 

ovis, 492, 497 , 700 

parva, 712 

pithed, 493, 498 

theileri, 498 

PiroplasmodidcB , 477, 478, 488, 491 
References, 527 
Piroplasmosis, Bovine, 497 
Canine, 493, 496, 497 
Equine, 500 
Hominis, 1341 
in Various Animals, 21, 498 
Pisces, Parasites of, 478, 488 , 528-9, 
see also Fish 
Venomous, 230 
References, 237 
Piscidia erythrina, 186, 188 
Piscidin, 188 
Pisciola, 685 
geometra, 337, 338 
Pito Bug, Bite of, 770 
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PittosporecB, 1 88 
Pittosporum densiflorum, j 88 
Pituitary Gland, pars intermedia of, 

Pitun, 176-7 
Piturine, 177 
Pityocera, 823 
Nigra, 2078, 2201 
Rubra, 2070, 2271 

Pilaris, 2249, 2252, 2256, 2257 
Sicca, loog 

Simplex capitis, 1077, 1078 
Versicolor, 1099, 2073, 2268 
Flava, 2073 

of Temperature Zones, 2074, 
2077 

Tropical, 2073 
Pityrosporum, 1071, 1077 
cantliei, 1077, 1078, 2271 
malassezi, 1077 
ovale, 1077 
Placohdella, 68 5 
Plagiostoma coli, 547 
PlagiostominidcB, 547 
Plague. 4, 149. 1363, 1416, 1566 
i^itiology, 285, 909, 1128, 1419 
Animal Reservoirs other than 
Rats, 1423, 1424 
Bacillus of, 22, 1 1 5, 900, 1416 
passim, see also B.pesfis 
(Pasteurella pesiis), 943 
Blood Changes in, 1427 
Climatology, 120, 121, 122, 1419 
Complications, Ocular, 2006 
Course, 1426-7 
Definition, 1416 
Diagnosis, 1429, 1517, 1523 
Differential, 1395-6, 1963 
Endemicity, 1419 
Epidemiology, 1416 sqq. 

Fleas as Spreaders of, 23, 115, 
1 1 7, 285, 747, 857, 869, 
908, 1416, 1418, 1431 
Most Important with regard 
to, 867 

Spreading the Disease from 

A. Rat to Rat, 867 

B. Rat to Man, 867 
History, 1416 sqq. 

Incidence 

Seasonal, 1419, 1423 
Sex, 1423 
Incubation, 1426 
Insect Vectors, 23, 115, 117, 285, 
747, 857, 900, 908, 1416, 
1418, 1431 

Mixed Infection with Relapsing 
Fever, 1429 

Morbid Anatomy, 1425-6 
Mortality from, India, 121 
Pathology, 1424-5 


Plague, continued 

Predisposing Causes, 1423 
Prognosis, 1430 
Prophylaxis, 23, 128, 1481 
Rash, 1517 

Rats in relation to '10, 867, 912, 
1432, see also Rats 
References, 1436 
Rodents spreading 867, 912-13 
Sequelae, 1428 
Sera for, 1 430-1 

Symptomatology, 1426-7, 2006 
Synonyms, 1416 
Transmission, see also Fleas, 
Insect Vectors, Rats, 
and Rodents, above 
Chart, 917 
Treatment, 1 430-1 
Vaccines for, 23, 1434-5 
Ambulatory, 1427, 1428 
of Athens, 15 
Biblical, 10 

Bubonic, 912, 1416, 1419, 1423, 
1427, 1428 
Climatology, 913 
Diagnosis, 1429 

Differential, 1338, 1354 
Spread of, 912, 1423 

Principal Insect Vectors, 869 
Glandular, 12 
Latent, 1418 

Pneumonic, 1418, 1419, 1427, 1428 
Aetiology, 1423 
Diagnosis, 1429 

Diff rential, 1498, 1875 
Spread of, 912, 1422-3 
Septicaemic, Acute, etc., 1418, 1427, 
1428 

^Etiology, 1423 
Diagnosis, 1429 

Differential, 1337, 1429-30, 

1498 

Spread of, 1423 
Plague-Rat of Bombay, 917 
Plague in Rats, 1416, 1420 

Seasonal Incidence, 909-10, 1420 
Planohdella, 688 
molesta, 688 
quoyi, 688 
PlanorbidcB, 892 
Planorbis, 892, 893, 894 

Intermediate Hosts of Schisto- 
soma, 584, 587, 589, 590 

Species 

boisseyi, 38 ^, 389 , 590, 893, 1865 
corneus, 893 
cultratus, 589 

guadelupensis, 587, 589, 1865 
laurenti, 893 
olivaceus, 587, 893 

Plant-Caused Dermatites, 2015, 2017 
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Plant-lice, 761 

Plants Causing Dermatitis Venenata, 
2151-2, 2162, 2267 
Groups of, 2155 
List of, 2152-3 

Buffalo Bean Group, 2155, 

2162 

Doubtful Group, 2155, 2163 
Euphorbia Group, 2155, 2157 
Little-known Group, 2155, 

2162 

Rhus Group, 2155, 2156 
Rue Group, 2155, 2160 
Tectona Group, 2155, 2159 
Urtica Group, 2155, 2158 
Diseases of. Spread or Caused by 
Acarina, 691 
Fungi of, 198, 200 
Jl&rpetomonincd of, 361, 366-7 
Medicinal, 4 

Poisonous, 4, 51, 117, 124, 162, 163 
sqq., 187-8, 190, T93. 195 
Water-holding, Reixioval of, 1208 
Plasmodia, Malaria-causing, 1129, 
see also iMverania 'ma- 
lavieB, 517 , and under 
Names 

Plasmodides, 477, ^78, 504 
References, 527 
Plasmodium, 504 , 1273 
Abnormal Forms, 510 
Animal Hosts, 510 
in Blood, in Beriberi, 1679 
Cultivation, 510 
Definition, 504 
Differentiation, 504 
Insect Vectors, 505, sec also 
Mosquitoes 
Life-History, 503 sqq. 

Malarial l^irasites, typical, 303 
Nomenclature, 303-3 
Reproduction 

Schizogony, 304, 306 
Sporogony, 308 

Sexual and asexual forms, 306 sqq. 
Species 
Found in 

Birds, 313, 516 
Lizards, 316 
Mammals, 510, 313, 316 
List 

bovis, 313 
. hvasilianum, 516 
canis, 513 
caucasicuni, 513 
cynotnolgi, 313 
danileivskyi, 313 
diploglossi. 316 
equi, 316 
falciparum, 517 
golgi, 512 


Plasmodium, continued 
Species, continued 

immaculatum, 517 
inui, 515 
kellicotii, 574 
kochi, 515 
niajoris, 316 

malariee, 510, 512 , 873, 889, 
1129, 1130, 1133, 1134, 
1137 , 1138, 1139, 1143, 
1143, 1152 , 1156, 1167 , 
1160, 1164, 1218 
quartanum, 312 
tertianum, 310 
var. quariancB, 512 
var. quoiidiance, 317 
var. lev fiance, 310 
monosoma , 316 
nmrinum, 316 
pithed, 315 
prcBcox, 317 
relictum, 313 
ienue, 513, 1132, 1137 
tropiduri, 316 
vassal}, 516 
vaughani, 316 

vivax, 293, 510 , 318, 889, 

ii2g sqq., passim., 1137 , 
1143, 1143, 1152, 1153 , 
1133, 1156, 1160, 1161 , 
1164, 1202, 1218 

Plasmodromafa, 296, 297 , 469 sqq. 
Plasmosomes of Ferrula, 1902 
I Plasmotomy, 293 
I Tdastic Uveitis, 20o(') 

I P last in, 290 

I Plastokonten, Move’s, 1896 
I Platodes, 333 
! Idatterbsenkrankheit, 196 
I Platybdella solea, 488 
Platyhelmia, 353 

References, 393 
Poisonous, 203 
References, 228 
Platyhelmi nthes, 3 3 3 
Platyhelminthic Dysenteries, 1825, 
1840 

References, 1863 
Platymalakia, 892 
Platypoda, 891 
Platuriis, 249 
Pleistophora, 329 
Plerocercoid(s) , 399, 602 
Pleurococcus heigeli, 1103 
prolifer, 606 
Pleuris39 1913, 1961 
1 Pleuropneumonia, Bovine, 341 
Plica polonica, 2202, 2282 
! Plotosus arah, 232, 233, 234, 233 
j Plumbagin, 170 
I PlumhaginacecB, 170, 171 
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Plumbago, 170-1 
fosea, 1 70- 1 
zeylanica, 170, 190 
Pneumococcus, 933, 1477, 1521, 1959, 
2003 

Pneumocystis carini, 404 
Pneumomycosis, Aspergillar, 1031, 
1891 

Pneumonia, Amoebae in Lungs and 
Sputum in, 320 
Causation, 923, 927 
Climatology, 124, 131 
Diagnosis, 1519, 1521 

Differential, 1337, I 395 . 139^, 
14^5. 1507. L508, 1H73, 
1914 

Malarial, 1184 

Pneumonic Plague, 1428 , see also 
under Plague 
Pneumothorax, 1091 
Pocomans, the, 60 
Podelkoma, 2110 
Podocapsa, 983 
Podogona, 690 
Podophyllum peltatum, 2152 
Poison Elder (U.S.A.), 215G 
Poison-Foot, 176 
Poison Ivy (U.S.A.), 2156 
Poison Oak (U.S.A.), 2156 
Poison-Pea of Australia, 189 
Poison Sumac (U.S.A.), 2156 
Poisoning, Accidental, 172 
of Cattle, 165, 189 , 190 
Criminal, 162, 170 
References, 179 
Delusions of, 1991 
by Food, 1693, 1G94 
Animal, 193 
Vegetal, 195 

Forms of, associated with Beri- 
beri, 1673, 1674 
Lacquer, 191-2, 2157 
in Ordeal, 178-9 
Stimulative and Sedative, 174-8 
Tropical, 161 , 1553. 1695 
Poisonous Animals, 203 
References, 227-9 
Fish, 193-4, 230 , 

References, 241 
Food, 193 

References, 202 
Fungi, 124, 172, 173, 198, 200 
Plants, 4, 51, 1 17, 124, 162, 163 sqq., 
187-8, 193, 195 

Substances, used as Food when 
properly prepared, 172 

Poisons, 161 

Abortifacient, 163, 169 
Accidental, 161, 172 
Animal, 193 
Aphrodisiac, 171-2 


Poisons, continued 
Arrow, 167, 180 , 222, 1675 
References, 186 
in Byzantine Medicine, 12 
Classification, 161 
Curative, 171 
Definition, 161 
Diseases due to, 1533, 1^95 
Food, 193, 195, 1693, 1694 
Homicidal, 162 sqq. 

Infanticidal, 163, 169 
Inorganic, 161', 170 
Injury- Simulating, 163, 171 
Organic, 162 sqq. 

Pseudocholcra due ■^o, 1820, 1821 
Racial, 118, 17^, 175 
Rat, 173, 190 

References, 179, 186, 192, 202 
Suicidal, 1C3, 1G9, 194 
Stimidative and Sedative, 174-8 
Siupifacient, to facilitate Rol3bery, 
163, 170 

Used in 

Fishing, Hunting, and Trade, 187 

Trial by Ordeal, 178-9 
War, etc., see Arrow-Poisons, 
above 

Vegetal, 162 sqq., 172 sqq., 191, 
193, 695 , 729 
Polagavynuum, 534 
l\)liomyelitis. Virus filterable, 541 
Acute Anterior, 920 
Polish Fever, 1501 
Polistachya, 1756 
Pollaplasiogonci, 600 
Pollenia, 852 

rubis, 365, 852 , 900, 1629 
Polpolcans, the, 56 
Polyarthritis in Dengue, 1249 
Polycysti dea, 471 
Polydesmidee, 690 

Polydesmus complanatus, 690 , 1G41 
Polygnathus, 1959 
Polygonacece, 2153 
I ^oiygonum acre, 2153 
hydropiper, 2153 
Polyidrosis, 2222 
Polymastix, 351 
melolontheB, 353 
Polymelus, 1959 

Polymicrolipomatosis, 2253 
Polymorphonuclear Neutrophile Leu- 
cocyte, 1898 
Polymyositis, 1515 
Polyneuritis, see also Beriberi, 1671 
Avian, 109, 1675 
Kndemica, 1671 
Malarial. 1176, 1184 
Polyneuritic type of Subtertian Ma- 
laria, 1175, 1176 , 1184 
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lilloma trojMcuin, 1535 
£M 5 itlsin, Intestinal 1776 
References, 1779 
flare Infections, 1779-8 
Treatment, 1777 
Polypi Nasal and other 1578 sqq 
Polypiax 759 

spmulosa 404 759 
Poly spot ea 5-29 
PolysporocysHdcB 473 474 
PolyspoYogenea 529 
Polystoma probosadeum 738 
tcBnoxdes 733 
Polystomea 557 560 
PolyiYicha 547 

Polyuric type of Subtertian Malaria 
1180 

Polyvalent Vaccines 23 29 see also 
Vaccines 

Sera against Snake Venoms 273 
Pompholyx 2226 
Porokeratosis 2235 
P on era 222 
Ponos 374 1299 
Pontia brasstca 1G40 
Pontobdella 08 5 
murtcata 389 , 398 400 
Poon 184 

Populus spinosa Bjds 172 
Porocephaliasis (Poioccphalosis) 1^4 

7^4 737 1533 
Kcfeitnccs 1643 
Pulnoniry 1S75 
Porocephahts 734 
Species 

aonycis 730 

avmillaHt’^ 734 , 736 737 738 
1642 1O43 1907 
crocidirce 73/ 1O42 
crotali 738 , 104- 
humboldHi 738 

Imper±(ctl> described m Man 


737 5 ^^ 

I lint s Pirisiti 737 738 
737 738 , 1042 
O lei s Pii jsiU 7^7 
Welch s Pirisilc 737 
momliforme 738 
momlifornus 734 736,1642 1643 
Poyo:ipoya 471 
gLgintea 471 
PorospondcB 471 
Poirigo 2032 

Porter s Lipomata 2247 2253 
Urethritis 1943 
Porfhesta chrysorrhcea 223 
Porto Rican Anaemia 1761 
Porto Rico Commissions on Anky 
lostomiasis Prohpy 
lactic Recommenda 
tions of 1774 5 


Portuguese Man-of-War, 204 
Posadasia esfenforme, 985 ^ 

Post Dyacntenc Arthntis, 1967 
Post-Malarial Affections in War 
Zone Cases, 1185 
Anaemia 1151-2 1184 
Insanity 1184 
Loss of Taste 1184 
Neuralgias 1184 
Vertigo 1184 

Post Mortem Decomposition of 
1 ood Poisoning from 
195 

Post Natal Pathology 195O 1959 
Post Partum Ha'inorrhage 77 
Potatoes 95 
Potter s Disease 1692 
References 1694 
Potu Flies 810 81 1 
Pou d Agoute 2213 
Pou d \gouti 72 j 
Poultryman s Dcimatitis 2213 
Powdered Glass Iraumatisms due 
to 156 7 

Pro Dra vidian tubes 4/ 49 
Pregnancy (les) Advice on 129 
Ceylonese precautions during 4 
1 re c]uent An 1 mia due to 1 90 3 
Milini Piognosis in 1187 
Ouinine 1 reatment 1191 
ind Idague 14-7 
md Relapsing fevers 1312 1313 
ind Irepical 1 cbiile Sjilenome 

l^rcmiums Insurinee Adjustment of 
13 -^ 

Ihe JS ital Cenditions attccting In 
fantilc Mortality 122 
Pressure Atmospheric 78 
Lhects em Man 79 142 4 
References 146 
inel Raebation 142 144O 
Referenees 146 
Pievention of Disease 125 
Pn ipism type of Subtertian Malana 
1180 

Pnckly Heat 2020 2027 2222 2224 
References 2246 

Pnmary Streptococcal Dcrmatites 
2030 

Primitive Man Migrations and Divi 
sions of 42 

Medicine 3 

Primula Subgroup of Dermatitis 
causing Plants 2158 
coitusoiides 2158 
obcomca 2151 2158 
steboldn 2158 
sinensis 2158 
PrimulacecB 2158 
PrimulecB 2158 
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Pvimule:B stnests section, 2158 
Prtonotus, 767 * 

Prionurus amoureum/ 
citnr^us, 207 ^ 

Prison Fevefi 

®W^<>Scl'WB, xraainatisinfi caused by, 

153 

Proctamceba, 298 
Proflagellata, 435 
Proglottides, 596 
Progressive Paralysis, 2279 
Promitosis, 291, 292 
Pronopes, 823 
ProphiahdahnecB, 1 1 1 1 
Prophiahde, 1037, 1039 
Prophylaxis, see also Serotherapy 
and Vaccinotherapy 
29, 125, 131 

Prorhipidoglossamorpha, 890 
Prostmulium, 812 
Prosopothoracopagus, 1958 
Prostatic Hypertrophy, 1926 
Prostigmata, 692, 724 
Prostomata, 560 
Prostriata, 71 1 
Protarihropoda, 689 
ProiecB, 933, 943 

Protective Colouring of Natives, 85, 
and see 2264-5 

Protein Dietaiies, Low, 107, 119 
Proteins in Diet, 96, 97, 99 

Biological value of 102 ] 

106 

Calculations on, loG 
Estimation of 101 
Proteosoma, 504 
grassti, 513 

Proteroglypha, 240, 246 
Protetramitus, 348 
Proteus, 933, 943, 1069 
dijfluens, 943 
metadiffluens, 943 
paradiffluens, 943 
proteus, 943 

Small, 399, see also Amoeba 
vulgaris, 933 943 
Protists, 1 1 3, 288 
Protoanopheles, 883 
Proto-asci, 1070 
Protoascomycetes, 978 
Protocomdium, 1037, 1108 
Protodiscales, 985 
Protokaryon, 290 
Proto-Malay&, the, 49 
Protomonadina, 330, 332, 464 
Proto-Polynesian Race, 49 
Protozoa, 18, 203, 287, 908 

Associated with Ben -ben, 1679, 

1680 

Definition, 288 



‘tbxiii-yielding, 203 
^ Venomous, 203 

References, 227-9 

Protozoal, Protozoan, or Protozoic 
Bodies found in Dysen- 
tery, 538 

Characters of Spirochaetes, 437 
Dermatitis, 2081 
Diseases, 877, 2084 
Animal Cahners of, 877 
Dysenteries 1825 
References, 1862-3 
Fevers, 1128, 1129 
Parasites, 287, 288 
Classification, 296-7 
Encystment, 291 
Hosts of, 288, 295 
Insect, 18 sqq 
Infecting Embryo, 289 
in Liver, 1907 
Morphology, 290-1 
Nomenclature, Rules of, 287 
of Mouth, 1740 
Pathogenicity, 295 sqq 
References, 328-9 
Remarks, 288 

Reproduction 286, 288, 291, 

292, 293, 295 

Species and Varieties, 297 
IncertcB sedis, 528, 530, 535 
cy clast erella scarlatinis, 537 
References, 543 
Vaginal, List of, 1945 
Toxins, 203 
Urethritis, 1944 
Protozoology, History, 18 
Protrichomonas, 351 
Prowazekella, n g 
lacertcB, 339 

Prowazekia, 335, 337 339, 360 1833 

1944 

References, 357 
Spec les 

asiatica, 339, 340 
criizi, 339, 342 
javensis, 339, 342 
parva, 339 342 
urinaria, 339, 340 
vaginalis, 339 342, 1946 
w ember gi 339, 342 
Prunginous Tumours, Multiple, of 
the Skin, 2247, 2254 
References, 2263 

Prurigo, Distinguished from Craw- 
craw, 2248 

True, 2267 
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Pruritus caused by Bite of Argas 
brumpH, 704 

in^Dermatites, 2248 , 2249 , 2250 , 
2251 , 2254 

in Pediculosis, 2201, 2202, 2203 
in Pinta, 2097, 2099 
in Pyosis tropica, 2022 
Vaginal, 1028 
Prussic Acid, 169 
Pseudechis, 246 

Venom, 243, 244, 258, 261, 271 
porphyriacus, 251 
Pseudelaps, 246 
wMelleri, 251 
Pseudencephalus, 1958 
Pseudo- Addison’s Disease, 2232 
. Malarial, 1180, ii 81, 2233 
Pseudo- Alcoholic type of Subtertian 
Malaria, 1169, 1170 
Pseudo- Anginal type of Subtertian 
Malaria, 1179 

Pseudo- Appendicitis type of Sub- 
tertian Malaria, 1177 
Pseiidoaspis cana, 487 
Pseudo-Banti’s Disease, i3o(S 
Pscudo-Bronchitic type of Subtertian 
Malaria, 1178 
Pseudocerastes, 250 
persicus, 251 

Pseudochirus peregrinus, Bodies in, 
found by Sambon, 538 
Pseudo-Cholecystitis type of Sub- 
tertian Malaria, 1177, 

1178 

Pseudocholera, 1801 

Caused by Poisons, 1820, 1821 
Dysenteric, 1820-1 
of Food-Poisoning, 1820 
Malarial, 1177, 1820, 1821 
Pseudo-Cirrhosis type of Subtertian 
Malaria, 1177, 1178 
Pseudocladorchis , 561 
Pseudo-Colloid of Lips, 1746, 2284 
Pseudodiscus, 561 
Pseudodiphtheria 1087, 1740 
Pseudo-Dysenteries, 1825, 1861 
Pseudo-Dysentery, 1852-3 
Type of Subtertian Malaria, 1177 
Pseudo-Gonorrhoeal Urethritis, 19^5 
Pseudo-Goundou in Yaws, 197^, 

1977 

Pseudogranulomata of Lungs, 1076 
Pseudo-Helminthiasis, 746 
Pseudo-Intestinal Sand, 1739 
Pseudo- Kala-Azars, the, 1128, 1289, 
1303, 1531 

Pseudo-Leuka"‘mia, 1903, 1914 
Pseudolfersia, 855 
Pseudoiimax, 322 

Pseudo-Liver Abscess type of Sub- 
tertian Malaria, 1177 


Pseudo-Menin^ococcus, 1478 
Pseudomycetomas, 1064 , 2110 , 2147, 
2277 

Pseudomycosis, Aspergillar, 1031 
Pseudomyzomyia, 885 
Carriers of Malaria, 886 
ludlowi, 886 
PseudonavicellcB, 470 
Pseudo-Parasites, 287, 1901, 1902 
Pseudo-Pelade, 2283 
Pseudo- Pellagra, 1705, 1730 
Pseudophyllidea, 600 
carus, 604, 609 

Pseudo-Pleuritic type of Subtertian 
Malaria, 1178, 1179 
Pseudo-Pneumonic type of Subter- 
tian Malaria, 1178, 1179 
Pseudopodia, 291, 296. 297 
Pseudorhabditis , (>28 
stercoralis, 628 
Pseudorhynchota, 752 
Pseudoscorpions, 690, 908 
Pseudo-Smallpox, 1491 
Type of Subtertian Malaria, 1181 
Pseudospira, 439 
Pseudo-Sprue, 1780, 1783, 1794 
Keferenccs, 1800 
Pseudosirongyles, 623, 674 
Pseudo-Tuberculosis, Aspergillar, 
1031, 1058, 1059, 1897 
Pvseudo-Typhus, 1350 
of Deli, Sumatra, 1354-5 
Pf^^m d o - Xa nt h o ma , 2273 
Klasticum, 2237 

Psilosis Linguae et Mucosae Intestini, 
1780 

Pigmentosae, 1731 
Pigmentosa of Barbadoes, 1788 
Psittacosis, 1395, 1396 
Parenteric, 1425, 1408 
PsocidcB, relationship of, to the 
Mallophaga, 749 

Psora, 2217 
J^sorala, 172 
corytifolia, 172 
glandulosa, 172 

Psoriasis, 449, 2264, 2270, 2271 
Palmaris and Plantaris, Syphilitic, 

1550 

Psoropermien, 475, 476 
Psorospermium cuniculi, 474 
Psoroptes equi, 731 
Psychasthenia, 1982 
Psychic Exaltation, 1919 
Psychoda, 806, 900 
phalcenoides, 905 
PsychodidcB, 773, 806, 2200 
Keferenccs, 813 
PsychodincB, 806 
Psychoneurosis Maidica, 1700 
Psychophcena, 802 
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Psychoses. 76, 123, 1524, 1891. 1983 
Ptenophthalmus cegyvtes, 376 
Pteridophyta, 923 
Pterois antennata, 232, 238 
PteromalidcB, 908 

Pter Optus vespertilionis, Achroma- 
iicus ill, 360 
Pterygium, 1995, 2002 
of Nails, 2283 

Ptomaine-Poisoning, 195, 1810, 1820, 

1 862 

Diagnosis, 1514 
Rash, 1514, 1516 
PtychohothriidcB, 0)04 
Puberty, 77, 194 5 
Pubic Louse, 757 
Puccinia rosea, 1 1 1 7 
Pudenda, Ulcerating Granuloma of. 
2192 

Puente, 2191 

Puerperal Diarrhoea of Bengal, 1935 
Disease, 122 
Fevers, 927 sqq., 1522 

Tropical, 1938, 1946, 1937 
Septicaemia, 1946 
Puff-Adder, 250, 231 
Pulex, 857, 859, 863, 866, 867 
brasiliensis, 8G9 
cheopis, 8O9 
gallina, 693 

irritans, 369. 39^, 608, 837, 866, 
867, 868, 9ii. 1422 
dugesi, 869 
minimus, 862 

cutem penetrans, 862 
murinus, 869 
pallidus, 869 
penetrans, 862 
philippinensis, 869 
serraticeps, 373, 376 
PulicidcB, 857, 861, 864 

of Rats and Mice, Table of, 866 
Pulicince, 864, 866 
Pulmonary Abscess, 333, 1949 
Aspergillosis, 1031, 2008 
Distomatosis, 1584 
Inflammatory Affections, 1875, 

1892 

Mucormycosis, 973 sqq. 

Mycosis, 974 
Nocardiasis, 1521, 1892 
References, 1894 
Streptothromycosis, 1892 
Tuberculosis, 1889, 1893, 2278 
Pulmonata, 892 

Pulse- Rate, Effect on, of Tempera- 
ture and Humidity, 
74-5 

Pulziasta Bolest, 1639, 2208 
Punaise de Miana, 704 
Punjabi Race, 47 


Pupipara, 749, 774 , 854 
References, 856 

Purgatives, Abortifacient, 170 * 
Purpura, 2267 
Haemorrha^ca, 122, 1698 
Henoch's. 1698 2267 
Schonlein’s, 2267 
Variolosa, 1448-9 
I Fulminans, 1489 
' Wcrlhof's, 2267 
Purpuric Eruptions, 1513, 1516 , 1519 , 

' 2:67- ^ * 

Puru, 1333 

Purulent Folliculitis cf Legs, 2027, 
2029, 2036 
References, 2038 
Myositis, 1469, 1523. IS29 
Pus, 1064, 1096 

Pustular Eruptions, 1513, 1518 
Syphilides, 1318, 2279 
Tuberculides . 1318 
Pustu’e, Malignant, 1318 
Puttees and Trench Foot, 2149, 2150 
Pyaemias, 1337, 1393, 1397 
Pyans, 1536 

Pycnosoma, 832, 848, 1626 
chloropyga, 900 
mavginaie, 848, 898, 900 
megacephala, 848 
putorum, 363, 368, 848, 1626 
, Pyelitis, 1330, 1926 
, Amad)ic, 1933 
: Pygiopsylla, 864, 866 
colossus, 866 
1 hilli, 866 
1 rainhowi, 8()6 
Pygmies, African. 31, 53 
Arrow-Poisons of, 183 
of New Guinea, 49 
Pyloric Stenosis in Children, 1749 
jyococci, or Pyogenic Cocci. 2021, 
2023, 2027, 2233 

Pyogenic Dermal Affections, 2015, 
2017, 2029, 2264, 2265 
Dermatites, 2017, 2029 
Folliculites, 2027 
Granuloma, 2234 
Ulcers, 2190 
Vaccines, 23 
Py o nephrosis, 1 9 2 1 ) 

PyopagLis, 1938 
Pyorrhoea, 461, 1320, 1793 

Alveolaris, 112, 113, 318, 1740,1744 
Pyoses, 2017 

Non-Febrile, Rashes due to, 1517 
Varieties, 2017, 2018 
Pyosis, 2017 
Caffra, 2021 
Castellanii, 2021 
Corletti, 931, 1317, 2018, 2023 
References, 203,8 
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Biscoides, 2018, 2026 
I References, 2038 
Mansoni, 931, 2017, 2018 
References, 2038 
Palmaris, 2018, 2022 
References, 2038 
Staphylococcal, 2255 
Tropica, or tropicalis, 931, 2018, 
2021 , 2035, 2190 
References, 2038 
Pyrenomycetes, 985, 1032 
Pyrethrum Sprays, 1207 
Pyretophorus, 791, 794 , 885 
Malaria-carrying, 886 
Species 

ardensis, 795 
aureosquamiger, 794 
austeni, 794 
chaudoyei, 794, 888 
cineretis, 794 

costalis, 638, 794, 795, 886, 1138, 

1139 

jeyporensis, 794 
marshalli, 795 
merus, 795 
minimus, 794 
migzomy facies, 794, 886 
nigrifasciatus, 794 
nursei, 794 
palestinensis, 794 
pitchfordi, 794 
pseudocosialis. 795 
sergenii, 794, 888 
superpicius, 794, 886 
thorntoni, 794 

Pyrexia of Unknown Origin, 1501 
Pyrgula, 891 

Pyrheliometer of Angstrom, the, 144 
Pyrosoma, 492 
bigeminum, 497 
Pyrrhocoris aptera, 372 
Pythogenic Fever, 1362 
Pythons, 244, 487 
Pyxima frenzeli, 470 

Quarantine, Mosaic, 10 
in Tick-Prophylaxis, 701 
Quartan Fever (s), 10, 1129 
Double, II 
Non-Malarial, 1470 
Malaria (q.v.), 1528 
Quartana duplex, 1157 
Simplex, 1157 
Triplex, 1157 
Quarter-Evil, 96 1 

Sub-Group of Anaerobic Bacilli, 959 
Quiche, the, 60 
Quichuas, the, 57, 60 
Quicklime, 170 
Quigila, 2241 


Quincke’s (Edema, 1^81 
Quinine Amaurosis, 1181, 2007 
Amblyopia, 1201 

Aural Symptoms due to, 1181. 
2013 

Dermatitis, 2153, 2162 
Ehects of, on 

Malarial Parasites, 1201 -2 
Man, 1200 

Elimination, Urinary Test for, 1926, 

1936 

Fever, 1201 
Forms of, ii 99-1 200 
Ha^moglobinuria, 202, 1201, 1213, 
1214 , 1217-20. 1224, 

1 522 

History of, 25 -() 

Idiosyncrasy, 1187, 1216 
New Salts of, 1200 
Ocular Symptoms due to, 1181, 
2007 

Prophylaxis, 1202, 1204 
References, 1211 
Therapy, 15-6, 1188 

Administration, Methods of, 1193 
sqq. 

Time of, 1 192-3 
Dosage, 1192 

Duration of Treatment, 1192, 

1198 

Theoretical Consideration on, 

1199 

(;)iiinine-Test of Candidates for the 
Tropics, 128, 129 
Quinsy, 1061, 1747 
Quintan Fever, 1501 
Quirica, 2093 

Quisqualis indica, in Ascariasis, 1775 
Quotidian Fever, 10, 1526 
Malaria, 1528 
Qushuf, 1700 

Rabbits, Corneal Sore in, 378 
Parasites of, 406, 474, 490, 833 
Rabelaisia philippinensis , Arrow- 
Poison from, 186 

Rabies, Animals affected by, 151, 152 
Dumb form, 151 

Parasites present in, 20, 151, 440, 
535 , 539 , 541, 1569, 

. ^570 

Races, Tropical, 39 sqq., 42 sqq. 

References, 60-1 
Rachipagus, 1958 
Rachischisis, 1959 
Rachitis, 124, 1303, 1923, 1945 
Racial Food Peculiarities, 104 
Odours, 2223 
Poisons, 1 1 8, 174, 175 
Susceptibility to Heat and Pain, 
2265 
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Radesyge, 1536 
Radiation, 6 g, 142, 144-6 
Solar, 144-6 
References, 146 

Radio-active Serum of Nicolaidi for 
Pellagra, 1732 
Radiolaria, 297 
Ragle, Le, 1990 
Rail, Venomous, 232 
Raillietiella, 733 

Railway Prophylaxis for Heat 
Stroke, 1458 
Rana esculenla, 355, 394 
speciosum, 394 
temporaria, 355, 394 
tvinodis, ^94 
Rana Trunjilor, 1700 
Rancs, Parasites carried by, 355, ^94 
Randia dumetorium, 170, 187 
RangeLia, 491, 492, 502 
vitalli, 502 

Rangoon Fever, 1462 
Ranunctilacece, 163-4. 184, 2153 

Ranunculus scleratus, 2151 
Rapau de Mer, 235 
Rarer Nodular and Gummatous 
Affections of Hypho- 
mycetic origin, 2106 
Rasahus, 767, 769 
higuttatus, 769 

Rashes, see Eruptions, 1516. 1259 
et alibi 
Vaccination, 1494 
References, 1500 

Rat to Man, Fleas which spread 
Plague from, 867 

Rat to Rat, Fleas which spread 
Plague from, 867 
Rat-Bite Disease, 151 
Rat-Bite Fever, 151, 1356 
.Etiology, 1357-8 

Causal Organism, 447. 450, 1357-8 
Climatology, 122, 1357 
Complications, 1359 
Definition, 1356 
Diagnosis, 1360, 1515 

Differential, 1337, 1395, 1396 
Incubation, 1358 
Morbid Anatomy, 1358 
Onset. 1359 
Pathology, 1358 
Prognosis, 1360 
Prophylaxis, 1360 
Rash, 1515 
References, 1361 
Relapse, 1359 
Symptomatology. 1358-9 
Synonyms, 1356 
Treatment, 1313, 1360 
Varieties, 1359 
Rat-Disease, Novy’s, 541 


Rat-Fleas, 403, 867, 869, see also 
Xenopsylla cheopis, 869 
Plague-transmission by, 23, 14165^^. 
Rat-Plague, 909-10, 1416, 1420 
Post-mortem Appearances in, 1426 
Seasonal incidence, 909-10, 1420 
Rat-Poison, 173, 1901-1 
Rat-Snakes, 244, 245 
Rattam - seedam - banthalaporadc, 
1824 

Rats, Diseases spread by, 878, 896, 
gi8, 1506, 1508 
Plague so spread, 10, 115, 
915, 917, 1416 sqq. 
Fly-catching by, 908 
Leprosy-like Disease of, 1645 
Parasites of, 19, 403, 404, 479 
sqq., 483, 486, 918 
Species specially subject to 
Plague, 917, 1420 
Field. Parasites of, 485 
Wood, 915 

Parasites of, 398 
Rats and Mice, 915 
Fleas of, 865, 867 
Table of, 866 
Rattenbeetziekte, 1356 
Rattenbisskrankheit, 1356 
Rdttenkdnig CevcaricB, 559 
Rattlesnakes, 249, 250 
Distribution, 124, 251 
as Reservoirs of Espundia, 363, 2177 
Venom of, 243 
Rauwolfia serpentina, 190 
Raynaud's Disease, 201, 1213 
Rays, Poisonous, 240 
Bishop, 240 
Eagle, 240 
Sting, 240 

liectal Bilharziosis, 1864 
Rcctitis, Epidemic Gangrenous, 25, 
123, 1871 
References, 1892 

Rectum, Temperature-taking in, 71 
Red Actinomycosis, 2142. See also 
under Actinomycosis 
Red Ants, Arrow-Poison of, 222 
House, Enemies of Bugs, 765 
Redice, 558, 567 

Red-Leg Tick, Spreader of Babesia 
equi, 714 

Red Maduromycosis, 2123, 2125, 

for details see under 
Maduromycosis 

Red Pinta, 2094, 2095, for details see 
under Pinta 
Red Tongue, 1749, 2283-4 
Redwater Fever, 497, 501, 715 
Reduviidee, 691, 762, 767 , 1284, 2200 
Bites of, 219 
References, 770 
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Re^mioluSt 767, 769 
subcoleoptratus, 769 
Reduvius, 767 
personatus, 767 

Reed-Cutters' Dermatitis, 2163 
Disease, 1033 

Refraction, Errors of, 1995 
Regnum Vegetabile, 923, 968 
Reighardia, 733 
Reiter's Disease, 1468 
Rejangs, the, 55 

Relapsing Fevers, 10, 1308 , 13O3, 
1505. 1528, 1530 

Causal Organisms (all forms),'" 436, 
444 452, 1322 

Climatology, 120, 122, 124, 133, 
and see each form 
Complications, Ociilar, 200(> 
Diagnosis, 1519, 1525, 1528, 1529, 
and see each form 
Differential, 1238, 1253, 1312, 

1313. ^ 337 . 1395. 1429, 

1485, 1505, 1507, 1508 
Insect Vectors, actual and suspect 
(all forms), 691, 748, 

754. 763. 7 ^ 5 . 917. 918. 
919, 1128, 1308 , 1322, 
see also Lice, and Ticks 
Louse Group, 918, 1308 
Pigmentation in, 1519 
Spleen in, 1904 
Tick Group, 919, 1308 
in Relation to Typhus, 132O, 1330 
Varieties 

African, 919, 1318 

References, 1 3 24-5 
East African, 445, 919, 1318, 

1322 

North African, 447, 918, 919, 
1308, 1314 
Egyptian, 447 
References, 1322 
West African, 444, 445, 1318 
American, 4^6, 447, 918, 1323 
References, 1323 
Central American, 919, 1323, 
1324 

North American, 1323 
South American, 1323, 1324 
Colombian, 444, 445, 919, 

1324 

Asiatic, 436, 445, 1315 
References, 1324 
Indian, 918, 1308, 1315 
Varieties, 1317 

Manchurian, 918, 1308, 1315, 

1318 

Persian Miaiia, 691, 919, 1322 
Dutton's (African Tick Fever), 
19, 691, 694, 700, 706, 

1261, 1318 


Relapsing Fevers, continued 
Varieties, continued 

European, 436, 443, 445, 918, 

1308 

References, 1324 
Obermeyer's form, 763, 765 
Relapsing Type of Fevers, 1528, 1529 
Chronic, 1530 

Religion, Food-regulation by, 95 
Religious Character of Primitive 
Medicine, 3 sqq., 51, 
54. 55 

Remittent Feyer (Malaria), 1129 
Remittent Fever (Relapsing Fever), 
1308 

Remittent Fever (Typhoid), 1362, 
1360, 1371, 1372 
Remittent I'ever, 

Bilious, 1216 

of Cattle due to Plasmodium 
bovis, 515 

Diseases associated with, 1523 
Epidemic, 1308 
Non-Malarial, 1289 
Russian, 1501 

Remittent or Continuous Type of 
Fevers, 1528, 1529 
Renal Coma, Differential Diagnosis 
from Heat Stroke, 1456 
Disease, 1926 
Dropsy in, 1904 

Reptilia, Parasites of, 478, 480, 486 , 
5id. 5'^^ 

Trypanosomes, 395, 398, 401 
Traumatisms caused by, 153-4 
Venomous, 2.] 2 
References, 280-1 
Research, 29 

Reservoirs of Animal Paravsites, 875, 
921 

Resj)iration, Effects on, of Tomi)era- 
ture and Humidity, 73 
Respiration Calorimeter, the, 97 
Respiratory Affections due to Mela- 
strongylus apri, 662 
Organs, Diseases of, 1873, 1875 
Climatology, 121 sqq. 
Spirochaetes of, 449 , 452 
System, Derangements of, 1519, 
1521 , 1552 

Subtertian Malaria attacking, 
1175, 1178 

Rest Body, 293, see also Nebenkorper 
Retinal Detachment, 2007 
Retino-Choroiditis, Malarial, 2004, 

2005 

Rhabditis, 623, 627 
genitalis, 628 
niellyi, 623, 627 

Dermatitis due to, 2219 
References, 681 
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Rhabdonema, 628 
intestinalis, 628 
Rheumatic Fever, 133, 1250 
Rheumatism, 131 
Gonococcal, 1938 
Muscular, 124 

Rheumatoid Arthritis, 112, 113, 1967 
Rhinal Canthariasis, 1640 
Chilopodiasis, 1881 
Myiasis, 831, 846, 1G20 1022 

1623 

African, 1623, 1625 
American, 1623 
Asian, 1623, 1626 
European, 1623, 1^26 
Scolechiasis, 1640 
Rhincoprion, 861 

penetrans, 857, 862, 8G3 
Rhinchoprionidcs , et Heciopsyllidcv, 

861 

Rhinitis, Acute Catarrhal, 2013-14 
Nervosa, 1875 

Spastica Vasomotoria, 1875 , 1995 
References, 1894 
RJiinocephalus, 246 
Rhinoceri, Traumatisms caused by, 

^52 

Rhinocladium, 1117 
asteroides, 1120 
beurmanni, 1118, 1119 
gougeroti, 1120 
lesnei, 1121 
Rhinomyza, 823 
costata, 823 
denticornis, 823 
edentula, 823 
fusca, 823 
maculaia, 823 
pusilla, 823 
umbraticola, 823 
Rhinopharyngitis, 450, 452 
Acute, 1521 
Mutilans, 187O 
Spirochaetica, 1521, 1881 
Rhinophyma, 2272 
Rhinoscleroma, 2277 
Rhinosporidiidee, 530, 533 
Rhinos poridiosis, 1578 
etiology, 1533, 1579 
Climatology, 1578 
Definition, 1578 
History, 1578 
Diagnosis, 1581 
Morbid Anatomy, 1579-80 
Pathology, 1580 
Prognosis, 1581 
Prophylaxis, 1581 
References, 1583 
Symptomatology, 534, 1580 
Treatment, 1581 
Non-coccidial, 474 


Rhinosporidium, 533 
References, 543 
Species 

kinealyi, 533, 1578 
seeheri, 533, 1578, 1579 , 

Rhipicentor, 710, 71 1, 715 
bicornis, 700, 715 
vicinus, 71 5 
Rhipicephalcu , 710 
Rhipicephalince , 710 
Rhipicephalus, 71 1, 714 
bilenus, 712 
bursa, 492 
ellipiicum, 719 
gladiger, 715 
■ prcBtentaVus, 713 

sanguineus, 398, 430, 492 
scnegalcnsis, 713 
1 Rhipidosioma leachi, 719 
; Rhipistoma leachi, 719 
RhipistomidcB, 710 
Rhipistomidea, 710 
Rhizc'ilyphus, 729 

parasiticus, 729 , 2011, 2214 
Rhizomastigina, 332 
Rhizomastix , 334 
' Rhizomucor, 975 , 1886, 1892 
' parasiticus, 975 , 976 
septatus, IJ7S 

Rhizoplast, 290, 291, 330, 381 
I Rhizopoda, 297 
Rhizopus, 975 , 1892 
niger, 975 , 1074 
Rhizostoma cuvieri, 204 
' putini, 204 

■ Rhodesiensc Type of Sleeping Sick- 
I ness, 880, 881 

I Rhodnius prolixus, 430 
i Rhodococcus, 925, 931 
I casiellanii, 931, 932, 10G7, 2102, 2103 
fulvus, 931, 932 
roseus, 931, 932 
Rhododendron arbor eum, 190 
Rhodomyces exubescens, 1092 
Rhodophycece, 923 
Rhopalocercous Cercarics, 559 
Rhophoteira, 857 

Rhus, Species associated with Dcr- 
matites 

diversiloha, 2152, 21 56 
pumila, 2156 
radicans, 2156 
succedanea, 2156 
toxicodendron, 2152, 2156 
venenata, 2152 

vernicifera, 191-2, 2152, 2156 
vernix, 215G 

Rhy copus nigricans, 1712 
Rhynchelaps, 24G 
australis, 251 
Rhyncobdellida, 685 
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Kkynckoidomonas, 360, 380, 381, 897 
lucUics, 397 
Rhynchoprium, 703 
columbcB, 703 
- persicum, 703 
spinosum, 708 
Rhynchosiomi, 690 
Rhyngota, 761 

Rice, 95, 99, 100, 104-5, 107 
and Beriberi, 105, 109, ^674 
Vitamines in, 105, 109, 1676 
Ricin, 1862 
RicinicB, 693 
RicinidcB, 750 
Ricinus, 750 

Ricinus communis, Poisoning by, 174, 
190 

Rickets, Climatology, 124, 1923, 1945 
Splenomegaly of, 1303 
Rickettsia Bodies in Trench Fever, 
&c., 1502-3, 1505 
pediculi, 1503 

prowazeki, 1^28, 1330, 1332, 1345, 
1 503 

Ridged Nails, 2283 
Rihagan, 1761 
Rinderpest, 189 
Ringworm, 2085, 2271 

iRtiology, 21, 991 sqq., 1078, 
1782, 2203, 2053., see 
also Tinea Capitis 
Climatology, 123, 2059, 2080 
Black-dotted, 999 
of Body, 2070 
of Hair, 994 
of Head, Tropical, 2052 
Ringworm Yaws, 1545, 2052 
Risipola Lombarda, 1700 
Roads, Colour of, and Shading, of 90-1 
Roaki, 2148 

Robbery, Stupefying Poisons used 
to facilitate, 170-1 
Robb's Heat Fever, 1469 , 1530 
Robles’ Fever, 1462 
Rocky Mountain Spotted Fever, 
1341, for details see 
Spotted Fever of the 
Rocky Mountains 
Rodent Ulcer, 2277 
Rodents, see also Epimys, Ground 
Squirrel, Mice, and Rats 
Parasites carried by, 405, 406, 407, 
493 

Roman Fever, 1129 
Roosbeen von Surinam, 1610 
Root-Fly, 905 
Rose, the (disease), 2158 
Rosewood, Dermatitis-causing, 2160 
Ross, Sir Ronald, Discoverer of Spread 
of Malaria by Mosqui- 
toes, 16, 18, 19, 896 


Rosette Formation in Trypanosoma, 
386 

Rossiella, 491, 502 
rossi, 502 

Roundworms {see also Nematahel- 
minthes), 1967 

Rourea, 2159 
oblongifolia, 189 

Rubiacece, 178, 184, 191, 2153, 2154. 
2162 

Rubner’s Isodynamic Law, 97 
Riickfallfieber, 1308 
Ruhr, 1824 

Rungus Poisoning (Dermatitis), 2152, 

2162 

‘ Running amok,’ 176, 1981, 

1988 

Running Scab, 2053 
Rupture of Liver, 1907 
of Myocardium, 1904 
Russian Remittent Fever, 1501 
Ruta gravehlens, 2153, 2161 
montana, 2101 
fuberculata, 2160 
RutaceeB, 2153, 2154 
Dermatitis due to, 2152 

Sarlier Crepitans, 168 
Sabouraudi Tropicalis, 1009 
Saccharomyces, 979, 981 , 1069, 1070, 
1073, 1712, 1742, 1782. 
1886, 2008, 2009, 2047, 
2081 

albicans, 1085, 1742 
angina, 982 
balzeri, 982 
blanchardi, g8i 
caniliei, 1078 
capilliiii, 1077 
cerevisiece, 1072 
ellipsoides, 982, 2011 
granulafus, 981 
granulomatogenes, 1076 
hominis, 982 
kvusei, 1088 
ligucB- piloses, 10^4 
lithogenes, 1076 
ovalis, 1077 
roseus, 982 
ruber, 1076 

samhoni, 982, 2047, 2092 
sphcericus, 1077 
tumefaciens , 981 
Saccharomy cetacea , 978 
Saccharomycetales, 978 
Saccharomycetic Dermatomycoses, 
2041 

Intertrigo, 2047, 2092 
Stomatitis, 1741 
Saccharomy codes, 979 
Saccharomycopsis, 979 
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Saccharomyjosis Epidermica, 1075, 
2092 

Hominis, 2081 
Sciccobvciyichits fossilis 2i'^ 

Safat, 1535 ' 

Safraiiin, 26 
Saliafati, 1535 
Saha^, Chancre du, 2165 
Sahib's Disease, 1289 
St. Francis of A;sisi and Pellaf^nv 
1 700-1, 17H 

Sakai, the, 49 

Arrow-Poison of, 184 
Sakitlatar, 1983 
Sakupolopolo, 2159 
Salamandaridin, 240 
Salamandarin. 240 
Salamanders, Parasites of, 3 55 
Venom of, 240 
Salamandra maculosa, 355 
Salek, 2165 

Salivarius group (Streptococci), 938 
Salivary C?dculi, 1740-1 
Salmonella, 935, 938 , 1362. 1405, 

1408, 1411, 1853 

Groups of 

Paratyphoid- Asiaticus. 939-40 
Morgan. 939 
Veboda, 939 
Species 

certrycke, 939 
archihaldi, 940 
asiatica, 940 

var. mohilis, 940 
Carolina, 940 
enieritidis , 939 
gaer inert, 940 

paratyphi, 935, 938, 939, 940 
paraiyphosus A and B, 939, 
940 

pseudo-asiatica, 940 
psittacosis, 939 
suipestifer, 939 
typhimurium, 939 
veboda, 939 
willegoda, 939 
wolincB, 939 
Salonica P'ever, 1501 
Salpingitis, Gonorrhctial, 1961 
Salpullido, 2225 
Salso, 1700 

Salt in Food, 53, 94, 96, 97, 107 
Salvarsan, 27. 1202 
Sambon’s Theory of Pellagra- 
yEtiology, 1714 
Samoan Eye Disease, 2001 
Samoyed Tribes, 4, 55 
Sanaga Smallpox, 1491 
Sanbilang, 235 
Sand, Intestinal, 1739 
Pseudo-intestinal, 1739 


Sandflies, 810, 1128, 1254, 1257, 1258, 
1517, 2096, see also 

Phlebotomus and Simu- 
liidcB 

Sandfly Fever, 1254 
Sandworm Disease, 122-3 
Sanguineus Gionp of Streptococci, 928 
Sanguisuga, 686 

S '.n Salvador, Hunting-Poison of, i.‘^9 
S mitation, Importance of 89. 1 1 9, 

. . i-h EH 
S \ntonin in Ascariasis, T77S 
S '-oria, i 73O 

Sapindacecc, 164, iGf), 168, 188, 169O 

Sapindus rarak, 188 

Sapium insigne, 190 

5 ipotacece, 178 

Sappinia, 323 

Saprophytica, 1045 

Saprospira, 439 

S?raat, 1535 

Sarcoccle d'Egypte, 1610 
SarcocystidcB, 290, 530 
Sarcocy.stin, 203 
Sarcocystis, 530 , 1582, 1583 
References, 543 
Species 

ammodromi, 533 
aramidis, 533 
her tr ami, 532 
blanchardi, 532 
hueti, 532 
kortei, 532 
leporum, 533 
lindemanni, 532, 1581 
mieschierana, 530, 532 
muris, 1581. 1582 
setophaga, 533 

ienella or tenellcB, 203, 531, 532 
var. hubali, 532, 1582 
Sarcode, 334. 335 
Sarcodina, 296, 297 
Vaginal, 1945 

Sircoma, Adipose, 2111, 2117 
S'.rcomata, 123, 1072, 1074 
vS ircomatosis, Slultiple, of Skin, 2274 
Sarcomatous Ulcers, 2190 
Sarconies Adipeux, 2117 
Sarconissus, 722 

Sarcophaga, 415, 830 , 900, 1621, 1626, 
1629 

affinis, 830, 1629 
aurifinis, 900 

carnaria, 830, 900, 1626, 1628, 

1629, 1632, 2011 
carnosa, 1626 
Chrysostom a, 831, 1632 
hcematodes, 831, 1629 
hcpmorrhoidaiis, 367, 830-1, 1629 
lambens, 831 
latifrons, 1629 

15X 
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Sarcophaga, continued 

magnifica, 1626, 1629, 1632, 2007 
meigeni, 1626, 1629 
nura, 1626 
plinthopegga, 1632 
plinihopya, 831 
regularis, 1626 
ruficornis, 831, 1632, 1O39 
ruralis, 162b, 1629 
trivialis, 904 
ivohlfarti, 1626, 1629 
Sarcophagidce, 825, 830 , 1626, 1627, 
1629, ir)32 
Sarcophagula, 900 
Sarcophila, 830, 831 
laiifrons, 831 
meigeni, 831 
Yuvalis, 831 
Sarcopsylla, 861 
Sarcopsyllidce, 861 
Sarcopsyllince, 866 
Sarcoptes, 731 , 2248 
hominis, 2218 
minor, 731 
scahiei, 1650, 2203 
var. auchenia, 2214 
var. canis, 221 /\ 
var. equi, 2214 

var. hominis, 731, 2214, 2217, 
2218, 2219 
var. ovis, 2214 
var, suis, 2214 
Sarcoptidce, 729, 731 , 2214 
Kcferenccs, 742 
Sarcopioidea, 692, 729 
Sarcosporidia, 528, 530 
Sarcosporidioses, tlic, 1578, 1581 
Sarcosporidio.sis, ditiology, 1 533, 1582 
Causal organisms, 1581 
Climatology, 1582 
Definition, 1581 
Diagnosis, 1582 
Heat in relation to, 1582, 1583 
Hi.story, 1581-2 
Morbid Anatomy, 1582 
Prognosis, 1582 
Prophylaxis, 1583 
Keferences, 1583 
Symptomatology, 1582 
Sarcosporidiotoxin, 295 
Sardinella neohowii, 194 
Sardinia, Fish- Poisons of, 188 
Sarna, 2217 
Sanies, 2181 
Sarten Ulcer, 2166 
Satin-Wood Dermatitis, 2152, 2159-60 
Saturation Test, 1397 
Sauria, Hccmogyegarina of, 487 
Savannah Flower, 169 
scab, Running, 2053 
Scabbia, 2217 


I Scabies, 691, 729, 73 U 2022, 2023, 
I 2200, 2203, 2216, 2217 , 

2218, 2248, 2268 
I Indica, 2217 

I Neglected, and Craw-craw, 2247 
! Scabietic Conditions of Domestic 
j Animals, affecting Man, 

1 2219 

j Scabritics, 2217 
Scalp, Fdephanliasis of, 1617 
Sea p h o poda , 8 90 
Scarahceidcc, 16.40 
Scarlatina, Virus of. Filterable, 54 
Scarlet Fever, 120, 124, 131, 1485-6, 
2267 

Diagnosis, 1513 

Differential, 1250, 1253, 1517 
Organisms associated with, 537, 
540, 541. 1075 
Rash of, 1513, 1517 
Haemorrhagic, 1491 
Scarlet-I'Uver-like Subtertian Ma- 
laria, 1 1 71, 1173 
Scaiophaga, 363, 365 
hoUentoia, 363 
hit aria, 365 
stcrcoraria, 905 
Scedosporium, 1121, 1122 
acremonioides, 1122 
apiospevmum, 1121, 1122, 2122 
scleroiialc, 1122, 1123 , 2121 
Sccnopinidcp, 824 , 900 
Scenopinus fenestralis, 824, 900 
Schamanismns, 1987 
Schamberg’s Disease, 2216 
Schenk’s Sporotrichosis, 1119 
Schidnniomyces , 979 
Schistosoma, 17, 558, 584 , 859 
Christophers and Stephens’, 593 
hcem-aiobium, 17, 584 , 588, 645, 
159G, 1864, 1902, 1926 , 
1927 

Hosts, 893, 894 
Ova, 588, 645 
References, 595 

japonicum, 584, 589, 590 , 1589, 

I 1590, 177b, 1840, 1903, 

! 1907 

! Hosts, 590, 891, 894, 1590, 1591 

; Ova, 590, 592 

I References, 595 

mansoni, 17, 584, 587 , 590, 1273, 
1777, 1840, 1869, 1903, 
1907 

Hosts, 587, 590, 893, 894, 1865 
Ova, 587 sqq., 1864 sqq. 
References, 595 

New. in a Haematuria patient, 593 
Schistosomiases, Climatology of, 124, 
133, see also felharzio- 
sis 
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Schistosomiasis, Disqualification of 
Natives as Employees, 
130 

Liver in: Reference, 1918 
Asiatic, 1589 
Intestinal, 590, 1864 
iEtiology, 1865 
Climatology, 1865 
Complications, 1869 
Definition, 1864 
Diagnosis, 1520, 1869 
History. 1864-5 
Pathology, 1865-7 
Prognosis, 1869 
Prophylaxis, 1869 
References, 1870 
Symptomatology, 1867-9 
Synonyms, 1864 
'i'reatmcnt, 1869 
Varieties, 1867-9 
Japonica, 1589 

Urinary (Bilharziosis.^.i;.), 587, 1926 
Schistosomic Dysentery, 1867-8 
Fever, 1867, 1869 
Haematuria, 1927 
Schistosomides, 564, 584, 1752 
Schistosonium caltoi, 590 
Schizocystina, 471 . 

Schizocystis, 471 
Schizogony, 288, 292, 293, 294 
SchizogregarincB, 471 
Schizogregarinaria, 

Schizomy cetacea, 924 
Schizomycetes, 922, 923, 1040 
Nomenclature Rules, 922 
References, 965-6 
Schizonts, 293 
Schizophora, 774, 825, 901 
Schizophyta, 436 
Schizosaccharomyces, 979 
Schizotrypanmn, 380, 381, 387, 401 
cmzi, 387, 391. 393, 'loi. 416 , 427, 
1268, 1283. 1284. 1288, 
1469 

Schizsotry panose, 1283 
Schmauch's Bodies, 1902 
Schdnlein’s Disease, 1698 
Purpura, 2267 

Schools of Tropical Medicine. 20, 29 

Schridde's Granules, 1 897 

Schuffner’s Dots, 293, 1902 

Schwamchen, 1741 

Schwarzwasserfteber, 1216 

Scillitine Poison, 166 

Scione, 823 

Scirro, 2217 

SciuvidcB, 914 

SciurincD, 914 

Sciuropterus, 914 

Sciuriis, 914 

Sclerema Neonatorum, 2281 


2403 

Sclerodermia, 2281 
Anidrosis in, 2224 
Circumscribed, 2077, 2281 
Diffuse, 2281 
Scleroparei, 232 
Sclerostoma iuodenale, 666 
Sclerotic Tumour, 2007 
Solerotium beigelianum, 1103 
Scolechiasis ,1619 

Gastro-intestinal, 1640 
Rhinal, 1640 
I Scolex, 596 sqq. 

Scolopendra cingulata, 218 
geophilus longicornis, 218 
gigantea, 218 
keros, 218 

morsitans, 217, 218 
Scolopendridce, 2 i 7 -i 8 j 
Parasites of 730 
References, 229 
I Venom of, 218 

I Scopulariopsis, iiii, 1123, 2107, 2149 
! Dermatomycoses due to, 2041 
Species 

blochi, 1123, 1124, 2041, 2107 
hrevicaule, 1123 
communis, 1123 

koningii, 1123, 1124, 2107, 2149 
re pens, 1123 
rubellus, 1123 
rufulus, 1123, 1124 
Scorbuto Alpino, 1700, 1702 
Montano, 1700 
Scorpcena, 232, 233 
Species 

diaholus, 232, 233 
grandicornis, 232, 233 
porcus, 232, 232 
scropha, 238-9 
Venom, 238-9 
Scovpc^nidcB, 232, 233, 238 
Scorpionidea, 206 
References, 228 

Scorpions, Bite and Venom of, 12, 124, 
206, 215, 690 

Venom of, as Arrow-Poison, 180 
Book, 897 

Scottatura di Sole, 1700 
Scrofulodermia, 2277 
Scrophiilariacece, 2153 
Scrotal Eczema, Primary, 2047 
Tongue, 1746, 2284 
Scrotum, Angiokeratoma of, 2277 
Elephantiasis of, 159?- 
1615 

Treatment, 1616-17 
Lymph, 639, 1596, 1601, 1605 
Scurvy, 25, 109, 122, 1516, 1675, 
1701, 1718, 203 ? 

Button form, 1536 
Infantile, 1675 
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Scutigera coleoptrata, 740 
ScutigevidcB , 740 . 

Scutula, ion, 1012, 1014 
Scycho-Dravidian Peoples, 49 
Sea Urchin of the Red Sea, 205 
Seaman's Skin, 2231 
Seasonal Bullous Dermatitis, 226, 
2204 

References, 2220 
Diets, 106 

Recurrent Ulceration of Lips, 
2284 

Vesicular Dermatitis, 2204 
Sebaceous Secretion of Normal Na- 
tive Skin. 2264 
S^borrhoea, 2215, 2262, 2271 
Capitis, 1077, 1078, 2271 
Corporis, 2078 
Spinulosa, 2262 
Seborrhoeic Affections, 2271 
Seborrhoeide of Chest, confused with 
Ringworm, 2271 

Secondary Streptococcal Dermatites, 
2030, 2036 

Sedative and Stimulative Poisoning, 
174-8 

Sedum acre, 2153 
Segestria perfida, 213 
Seidelin’s Bodies, 1231, 1233 
Selachii, Larger, Traumatisms caused 

by, 154-5 

Venomous, 232 
Selasoma, 820 
Selenomastix, 334 
Selenomonas, 334] 

Semangs, the, 49, 53 
Semecarpus anacardium, 2152, 2162 
.SemiscolecincB , 685 
Semitic Races, 47 
Sen-idng-hod Buds, 172 
Senile Atrophodermia, 1730-1, 22^1, 
2282 

Sepedon, 246 

hcemachates , 248, 2‘5i 
Venom of, 267-8 
Sepedonium, 1112 
SepsidcB, * goi, 902, 1630 
Reference, 856 
Sepsis, 900 
punctum, 900 
violacea, 902 

Septic Disease, Lymphatic Affections 
in, 1961 
Fevers, 1520, 1529 
Bilious, 1469 
Infections, 1523 

or Absorption, 1531 
Jaundice, 1507, 1508 
Multiple Liver Abscesses, 1525 
Pemphigus, 1518, 2269 
Ulcers, 2191 


Septicaemia (s), 927, 929, 1337, 151^^ 

1517. 1527. 1914 

Cryptogenic, 1429 
due to Deep Suppuration, 1528 
Gonococcal, 1938 
Helminthic, 1520 
Molitensis, 1437 
of Morphine Injectors, 1466 
Puerperal, 1946 
Septicaemic Fevers, 1186 

Haemorrhagic Group of Organisms, 
Genus including, 943 
Plague, 1428 

Sergentella hominis, 537, 1583 
Serge ntelliasis, 1578, 1583 
Serjania, 188 
ichthyoctova, 188 
hit alls, 188 
piscaioria, 188 

Serology in Bacterial Dysenteries, 

1855-7 

Sero-Phthisis Perniciosa Endemica, 
1671 

Serotherapy, History of, 22 
Serous Diarrhoea, 1820 
Serpiginous Corneal Ulcers, 2004 
Serpigo. 2053 
Serromyia, 806 

Serum Injections, Rash due to, 
1516 

Serut-Flies, 815, 819 
Sc’faria, 649 
eqtti, 649 

Seven Days Fever, 1186, 1244, 1249, 
1250, 1312 
Reference, 1233 

Seven Days’ h'ever (not Rogers'), 
I 308 

Sewage Disposal, 1839 
Sexual Perversions, 1981 
Shaamba, the, 47 
Shamanism, 4, 34. 55, 56 
Shank Fever, 1301 
Shans, the, 34, 33 

Sharks, Traumatisms caused by, 

154-5 

Sh arras, the, 53 
Shashits'ii, 746, 1350 
Shauia, the, 46 
Shedding of Nails, 2283 
Sheep, Heartwater in, 713, 723 

Parasites of, 21, 320, 369, 391, 412, 
4x6, 454, 492^^, 497-81 

557 . 565. 567. 723 
Liver fluke [Fasciola hepatica, 
q-v.), 557 

Sheep-Disease due to Piroplasma ovis, 
497-8 

Sheep-Poisons. 189 
Sheep Rot, 567 
Sheep-Ticks, 708, 723 
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Shell-Shock and Effect of Sun-ravd 
1982 

Shigella, 934, 935, 936 
dysentericd, 935, 936 
Shima Disease, 1350 
Shima mushi Disease, 1350 
Shimamushi (mite), 726 
Shin, Trench, 1501 
Shingles, 2269 

Ship Beriberi, 109, 16S0, 1690 
Ship Rat, 917 
Shipada, 1610 
Shluh, the, 46 
Shoshoneans, the, 56, 57 
Siamese, the, 54, 55 
Sibbens or Si wens, 153^* 

Siberia, Shamanism in, 4, 55 

Siberian Races, 55 

Sick Leave, 130 

Sida, 2159 

Sierra Fever, 1129 

SierraLeone, Vegetal Poison of. 1 0^ ,i 98 
Siesta, the, 88 
Si gnat era, 193 

Silkworm Disease, 529. 1032 
SiluridcB, 232 

Silva Lima’s Disease. 2241 
Silvanus surinamensis, 22O, 871 
Silvius, 820, 821 
decipiens, 821 
fallax, 821 

Simavuha officinalis Bark, 1830, 1838 
Simonea folliculovum, 732 
Simple Continued Fever, 25, 1254, 13/2 
Fibroma, 2273 
Toxicmia, 1920 
Xeroderma, 2281 
Simplicidentata, 913 
SimuliidcB, 773, 810, 812-13, 

1716-17. 1718, 2200 
References, 813 
Simulides, 810 
SimulincB, 810 
Simulites, 810 

Simulium or Mehisina, 810 
Simulium Flies, 363, 920, 2096 
columbaczense, 811 
damnosum, 81 1 
griseicollis, 811 
hiriipes, 81 1 
indicum, 81 1 
replans, 810 
veniistum, 81 1 
Sinhalese, the, 47 
Siphona, 846 

Siphonaptera, 748, 749, 857, 2200, 
see also 908, 2203 
References. 871 
Siphonaioteriasis, 2200, 2203 
Siphonella funicola, 902 
Siphonophora, 338 


Siphonopoda, 890 
Siphunculata, 752 
Siriasis, 12, 1449 
Sirkari Disease, 1289 
Sirocco, the, 81, 82 
di Levante, 82 
Sistrurus, 250 
catenatus, 251 
miliarius, 250, 251 
ravus, 250, 251 

Sitotoxismus, 195, 1693, 1674 
Sitotropa cerealella, 2216 
‘606,' see Salvarsan, 27 
Skin, Aspergillosis of, 1032 

Effect on, of Tropical Climates, 77 
Furrowing of. Artificially, 2238, 
2240, 2241 

Normal, of Native Races, 2264-5 
Pigmentation of. Natural, and due 
to Disease, or to Sun- 
rays, 82. 84, 89, 1180, 
1513, 1519, 1531, 2231, 
2264, 2266 
Seaman’s, 2231 

Senile Changes in, 1730, 2231, 2282 
Spirochaites of, 448, 452 
Sunlight as affecting, 83-5, 2231 
Tattooing of, 2222. 2238 
Medical, 2230 
Ornamental, 2338 
Trench, 1501 
Tropical, 2231 
Tuberculosis of, 2264, 2277 
Tumours of, 2264, 2273 

Multiple Pruriginous, 22, 47, 

2254 

References, 2263 
Skin Affections due to 
lichinodermata, 205 
Millepora, 204 
TrachymeduscB, 204 
Zoantharia, 204 
Pyogenic, 2264, 2265 
Skin Diseases, 122, 123, 124, 927, 
1501; see also Derme,- 
tites, 2213, and Derma- 
tozoiases, 2200 

Cosmopolitan, 2015, 2017, 2264 
Differentiation of, from Pellagra, 
1730-1 

Epiphytic, Leucoderma in, 2228 
Parasitic, 2264, 2267 
Skin Eruptions, in Acute Fevers, 
1512, 1513 
Skin-Irritation 
Acute, 83-4 
Chronic, 84-5 
Skin-Lesions, due to 

Metazoan Parasites, 2200 
Poisonous Plants, 21 51 -2, 2155, 
2162, 2167 



2406 


INDEX 


Skoplji or Uskub P'ever, 1254 
Slavic Branch of Caucasic Races, 46 
Sleeping Dropsy, 1260 
Sleeping Sickness (African Human 
Trypanosomiasis), 550, 
1259, 1260, 1476 

Animal Carriers and Reservoirs, 
425. 878, 881. 1264-5, 
1279-80 

Blood in, 1 271-2 
Cerebral Stage, 1269, 12 70-1 
Cerebro-Spinal Fluid in, 386, 1266 
Characteristic Features, 1259 
Climatology, 124 
Complications, 1273, 1961, 2006 
Course, 1269-70 
Definition, 1260 

Diagnosis, 1273, 1314, 1523, 1524, 
1532 

Methods, 1274-5 

Distribution, 26, 124, 419, 420, 
425, 1263 
Epidemiology, 1263-4 
Erythemas eissociated with, 1270, 
1514, 2260 

F'ebrile or Glandular Stage, 1269-70 
Histopatliology, 1 26O-9 
History, 1261 
Incubation, 1269 

Insect Vectors, 19, 23. 747, 838, 
843, 844, 876, 881, 1128, 
1260, 12G2, 1263, 1264, 
1265. see also Gloss ina 
Morbid Anatomy, 1266-9 
Occupation in relation to, 1265 
Parasites present in, other than 
T r ypa 11 os(nnes , 1273 
Pathology. 1265-6 
Predisposing Causes, I2()5 
Prognosis, 1273 
Prophylaxis, 116 
Personal, 1280 
Public, 1278 sqq. 

References, 3281-2 
Remarks, 1260-1 
Symptomatology, 1269 
Synonyms, 1260 , 

Three Types of, 1264 
Treatment, 26, 28, 1262, 1275 
of Natives, 1278 
Symptomatic, 1278 
Trypanides in, 1270, 1514^ 2266 
Trypanosomes Causing and Asso- 
ciated with, 19, 20, 391, 
419, 420, 421, 425, 427. 
878, 1259 sqq. passim., 
1273, see also that head 
Aflagcllate forms, 386 
Types of 

Castellani, 879 

Stephens and Fantham, 880, 881 


Sleeping-Sickness, continued 
Urine in, 1272-3 
Varieties, 1273 

Sleeping Sickness Bureau, 1262 

Slipada, 2110, 21 ii 

Slipatham, 2Tio, 2111 

Sloths, Trypanosome of, 405 

Slow Fever, 1362, 1437 

Smallpox (Variola), 5, 25, 1470, 1471, 

1486, 1491, 1492, 1566 
TEtiology, 1487 

Chlamydozoa of, 539, 540, 541, 542 
Climatology, 120, 121, 122, 124, 

1487, 2267 

Cytorycies variolcB in, 535, 540 
Definition, i486 

Diagnosis, 1489, 1515, 1517, 1319 
Differential, 1250, 1337, i486, 
1489-91, 1505, 2249 
Epidemics of, 2267 
History, 1486-7 

Inoculation for, practised in 
India, 8 

Infection, route of, 1487 
I Parasite of, 535, 540 
I Prophylaxis 

Vaccination 
Hints on, 2267 
Importance of, 1491 
Rash, 1515, 1517, 1519, 2267 
Spread, 1487 
Symptomatology, 487 
Synonyms, i486 
Varieties, 1488-9 

Confluent, 1488, 2267 
Hiemorrhagic, 1488-9, 2267 
Pustnlosa, 1488-9 
West Indian modified, 1491 
Virus of. Filterable, 539, 541, 
543 

Small Proteus, 399, sec also Amo'ha 
Smithia, 491, 492, 601 
microti, 501 
talpce, 501 

Smooth Leprt)sy, 1654, 1659 
Snails, Intermediate Ilosts of Schis- 
toma, 8gj 

Parasites of, 353, 355, 539, 5O7, 

570, 584. 587, 591, 876 

Venomous, 227 
Snake-Bite, 12, 122, 124, 1698 
Diagnosis, 273 
History, 242-4 
Indian Mortality from, 242 
Prophylaxis, 278 
Prognosis, 274 
Rash, 1316 

Treatment, 243, 244, 271 sqq., 

280 ^ 

Oil useless, 277 
Snake- Stones, 277 
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Snake-Venoms, 24 

Active Principles of, 243, 244, 
255 sqq., 262-3 
Anti-Sera for, 244, 271, 276 
as Arrow- Poison, 180 
as Cattle-Poisons, 189 
CbemicaL Analysis, 253-5, 271 
Collection of, 252-3 
Effects, 2 64 sqq., 271 
Entry into Body, 263 
Excretion, 271 
Immunity to, 243, 271-3 
Minimum Lethal Dose, 263-4 
Physical Characters, 253 
Preservation, 253 
Symptomatology, 189, 190 
Three Kinds, 244 

Snakes. Blood-Parasites of, 353, 355. 

401, 516, 736, 737, 738 
Venomous, 242 

Apparatus and Act of Striking, 
251-2 

Soamin, 26 

Social Diseases, see Gonorrha;a, (yzh, 
Syphilis, 2278, and Tu- 
berculosis, q.v. 
Socotrine, 170 

Solanacecs, 164, i6(), 170-1, 173, 

176-7, 178, 2153 
Solano (wind), 81, 82 
Solar Radiation, 143-6 
References, 146 
Solaro Fabric, 96, 1989 
Soldier’s Heart, 1982 
Solenoglypha, 249 
Solenopotes, 759 

Soles, of Feet, Hyperkeratosis of 
whole of, 2277 
Parasites of, 488 

in Yaws, Lesions of, 1551. 
2259 

Solidago odova, 2152 
Solifuga, 690 
Somal Race, 47 
Somatic Ta^iiiases, 601, 1967 
Sommerfieber, 1254 
Somontyia ynontcvidensis, 847 
Sonnenstich, 1449 
Sonsino’s Disease, 1S64 
Sordcs, 1384 
Sore Feet, 553 

of Coolies. 1764 

Sore Throat, Streptococci in, 93<^ 
Sores, Cambay, 378 
Cochin, 2181 
Mozambique, 2181 
Oriental, 2165 
Veldt, 2030, 2031, 2190 
Venereal, 2278, 2280 
Sorghum, 105 
Souma, 391, 412, 415. 417. 


South African Vegetal Poisons, 164, 
166, 167, 189 

South America, see Brazil, etc. 

South American Relapsing Fevers, 
919, 1323, 1324 

Trypanosomiasis (Chagas’ Disease), 
19, 1283 , see also under 
Trypanosomiases 
South-west Gune, 2059 
Spalangia niger, 908 
; Sparganosis, 1967 
j Sparganum, 601, 602, 606 
References, 

Species 

baxteri, 601, 606, 607 
mansoni, 601, 606 , 1967, 2007 
prolifer, 601, 606 , 1967 
Dermatoses due to, 2220 
Spargosis Fibroarcolaris, Kno 
Sparrow-I\)isoni iig, 1 91 
Spasm of Ocular Accommodation 
Muscles, 2005 
Spasti. Paralysis, 1981 
Special Sense, Organs of, Diseases of, 

1993 

References, 2014 

Subtertian Malaria attacking, 1 1 75, 

1181 

Specific Blackwaler Fever, 1213, 
] 2 1 6 

H lemoglobi nu ri ?,s , 1213 
Spedalskhed, 1644 
SpelceorhynchincB, 701 
Spermatic Cord, Cellulitis of, 1939 
Suppurative Phlebitis of, 1939 
Spermophilus, 015 
citellus, 913, 1424 
Splicer iales, 985 
SphcBfocystis, 471 
Spheerogyna vcntricosa, 728 
SphcDroniyas, 806 
Sphceropsidales, 1036 
Spliarospora, 529 
SphcEVotilus, 1071 

Sphagni Group of Slnptococci, 928 
Sphodrus leucophihalanus, i()40 
Sphyra^na, 193 
Spider as Arrow-Poison, 180 
Spiders, 124, 211 , 

Bite (sting), 12, 124, 212, 214-15 
References, 228-9 
Venom, 213 sqq. 

Spigelia anthelmia, 164, 168, 1872 
.S p il oga si er divisa , 1(^30 
Spina bifida, 1959 

Spinal Caries, Bodies in Pus of, 
2112 

Cord, used as Aphrodisiac, 172 
Spine- Protect ion, 89 
Spirarsyl, 27, 28 
Spirillacecs, 924, 962 
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Spirillum, 962, 1838 
duttoni, 21, 444 
eurygyrata, 450 
hachaiz<B, 451 
zeylanicum, 1068 
Spirillum Fever, 1308 
Spirits in relation to Disease, early 
ideas on, 3 sqq. 

Spirohacillus zeylaniciis, 451, io6y 
SpirochcBta (Spirochaetes), 215, 296, 

358, 434. 437. 454. 917. 

1903, see also Spiro- 
schaudinnia, below 
ot Animals, 453 sqq. 
in Blackwater, 1221 
Characters resembling 
Bacteria, 436, 437 
Protozoa, 437 

Diseases with which associated, 
20-1, 443 sqq., 448, 541, 
920, 1221, 1230, 1318, 
1350 sqq., 1467, 1538, 
1715, 17215, 174O, 2091, 
2181 

Human, 443 

Diflerentiation of, .132-3 
from Pseu do-Spi r( )ch a.;t ^ , 

of Alimentary Canal, 450 , .152 
of Blood, 443 , 432 
Cutaneous. 448 , 432 
in Faeces, 451 , 453 
Respiratory, 449 , 332 
Urinary, 451 , 433 
Urethral, 451 , 433 
in Vomit, 433 
Infective Granule in 383 
Insect Vectors, 23 et alibi 
in Nose, 1321 

Placenta traversed by, 289 
in Sputum, 1321 
Vaginal, 1943 
in Yellow Fever, 448 
Species 

acuminata, 1338 
anodontce, 439 

bronchialis, 1881, 1882, 1883, 

1884 

buccalis, 1883 
cavievi, 436 

duttoni, 20, 436, 444, 452 
evansi, 409 

exanthematotyphi, 1330, 1332 
gallica, 1 502 
gallinarum, 433 
ictevohcsmorrhagica, 447 
interrogans, 1231 
macaci, 453 
minuta, 1881 
morsusniuris, 447 
novyi, 436 


Spirochceta, continued 
Species, continued 
obermeyeri, 443 
obtusa, 1338 
pallida, 21, 455 
pallidula, 437 
pertenuis, 457 
plicatilis, 436, 437, 439 
recurrentis, 439, 443 
refringens, 1338 
schaudinni, 2181 
urethralis, 1944 
Spirochcetacea, 338, 431, 436 
References, 462 

Spirochaetal Dysenteries, 451, 1825, 

1888 

Jaundice, 1303 
Flpidemic, 1918 
Rhino-pharyngitis, 1321, 1881 
Urethritis, 331, 433. 194^ 
Spirochaete-like forms in the Little 
Owl, 3 34 

Spirochcetes, see SpirochcBta, above, 
and Spiroschaudinnia, 
below 

SpirochcBtidcB, 436 
Ticks spreading, 700 
Spiroch^tose Bronchopulmonaire de 
Castellani, 1882 
I Spiroch ait OSes, 691, 1308 
I Spirocha*tosis, Avian, 434 
I Bronchial, 332, 1873, 1882 

Bronchopulmonary, in Cats, 1885 
Castellani 's, 1333 
Cutaneous, 1535 
Gastric, 1749 

Icterohjemorrhagica {see a/so Weil’s 
Disease), 1505 

Subtertian Malaria resembling, 
1171, 1172 
Mixed Infections, 1883 
Nasal, 1882 

Rhino-Pharyngeal, 1321, 1881 
Spiroflagellata, 433 
Spironetna pallidum, 433 
Spiroptera hominis, O33 
Spiroschaudinnia, 439 

Insect Carriers, 440-1, 442, 345, 
453. ^^91, 700 

Oral, 330, 432, 453 
References, 462 
Species 

aboriginalis , 448 , 2193 
acuminata, 449, 452, 459 
anserina, 433 
balanitidis, 434 
berbera, 447 , 432, 918, 1314 
bronchialis, 449 , 452 
References, 462 
buccalis, 430, 453, 1740 
bu fonts, 434 
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Spiro schaudinnia, continued f 

Species, continued 
carteri, 436, 445, 446 , 452, 918, 
1315, 13x6, 1323 
References, 462 
culicis, 454 

dentium, 450 , 453; 1740 
duttoni, 201, 436, 440, 443, 444 , 

452. 453. 700. 70^^. 707. 
1315, 1318. 1319, 1323. 
1324 

Forms like, in Relapsing Fever, 
919 

References, 462 
equi, 454 

eurygyraia, 450 , 1838 
glossincB, 454 
gracilis, 454 
granulosa, 454 
hebdomadis, 448, 1510 
icterohcBmorrhagica, 447 , 431, 

452, 918, 1506 
lutrcs, 454 
macaci, 453 , 1310 
marchouxi, 440, 442, 453 , 700, 
1322 

microgyrata, 454 
minuta, 450 , 452 
mitis, 451, 453 

morsusmurus, 447 , 432. 454, 

135^. 1358. 1360 
neveuxii, 454 

novyi, 436, 441, 442, 443, 445 , 
446. 452, 918. 1315. 
1323. 1324 

ohermeyeri, 1309 
ohtusa, 449 , 452, 459 
ovina, 454 

phagedenis, 449 , 452 
pseudopallida, 449 , 452 
recurrentis, 20, 436, 437, 439. 

440, 441-2, 443 , 443. 
432, 7(^5, 918, 1308. 

1309. 1313, 1323 

refringens, 456, 459, 2193 
rossi, 442, 445 , 1319, 1322 
schaudinni, 448 , 452, 2182 
suhtilis, 450 
theileri, 454 , 700, 713 
Unnamed, in Psoriasis, 449 
urethrcB, 451 , 453 
vespertilionis, 434 
vincenti, 448,432, 2181, 2182, 2192 
SpiroschaudinnidcB, 435 
Spirosoma, 962 
lingualis, 1051 

Spirulina genus, in relation to the 
Spirochaetes, 437 
Spitting-Snakes, 267-8 
Spleen, Diseases of, 1895, 1904 
References, 1925 


Spleen-Enlargement, see Splenome- 
galy, below 
Spleen-Rupture, 1185 
Splenic Abscess, 1905 
Anaemia, 1302, 1303 
Febrile, 1299 
Infantile, 20 

Splenomedullary Leukaemia, 1303, 
1903, 1905 

Splenomegaly (ies), 133, 483, 490, 1076 
Differential Diagnosis, 1303 
Diseases with which associated, 

U 524 - 5 » T529. 1531. 

1659, 1903, see also 

Malaria 

Febrile, 123. 1303. 1525, 1529, 1531 
Krcmpf's, 1303, 1306 
Toxoplasmatic, Febrile, 1531 
Tropical, 1531, 1914, 1925 
References, 1307 
Afebrile, 1289, 1303, 1306 
/ Infantile, 1303 
Febrile, 1289, 1303 
Spleno-Typhoid form of Enteric, 
1388 

Sporadic Cretinism, 1920 
Sporangium, 969 
Sporisorium maidis, 1703, 1712 
5 porocephalum roseum, 1117 
Sporocyst Stages of Trematoda, 558, 
5^>7 

Sporogony, 288, 293, 294, 295 
Sporont, 294 
Sporophora, 969 
SporophoralinecB, iiii 
Sporophore, 1037, 1039 
Sporophorinece, 1121 
Sporoplasm, 470 
Sporotrichinece, iiii, 1117 
Sporotrichosis, 2086 , 2193 
iEtiology, 2086-8 
List of Fungi, 2087 
Climatology, 2086 
Cuti-reaction in, 969 
Diagnosis, 2089 

Differential, 2091, 2186, 2193 
Histopathology, 2088 
Prophylaxis, 2089 
Pseudomycetoma -like Condition 
in. 2148 

Symptomatology, 2088 
Treatment, 2089 
Varieties, 2041, 2088 
Bronchial, 1892 
European, 1119 
Ocular, 2008, 2009, 2010 
Palpebral, 2008 
Schenk’s, iiig 
Tropical Varieties, 2041 
Sporotrichosis -like Condition. Monilia 
in, 1092 
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Sporotrichum, 987, 1081, 1117 , 1886, | 
1892, 2008, 2086, 2089 
Dermatomycoses due to, 2041 
Species 

asteroides, 1117, 1118, 1120, 2041. 
2087, 2088 

beurmanni, 1117, 1118, 1119 , 

2008, 2009, 2041, 2087, 
2088 

hronchiale, 1117, 1118 
councilmani, 1117, 1118, 1121, 
2087 

dermatodes, 1032 

dori, 1 1 17, 1 1 18, 1119 , 2087 

furfur, 1099 

- gougeroti, 1117. 1118, 1120, 2087 
indicum, 1117, 1118, 1120, 2041, 
2087, 2088 
inquinatum, 1117 
jeanselmi, 1117, 1118, 1120,2089 
lesnei, 1117, 1118, 1121, 2087 
mentagrophytes, 1005 
minutissimum, 1053, 1061 
ohducens, 1117 

schenki, 1117, 1118 , 2041, 2087 
Sporotrichilic Ulcers, 2190 
Sporozoa, 296 
Sporozoites, 294 

Sporozoon furunculosum, 378, 2166 
rattengifi, 1356 
Spotted Fever, 1326, 1474 
of Idaho, 1341 
of Montana, 1341 

Spotted Fever of the Rocky Moun- 
tains, 1329, 1341 , 1350 
iEtiology, 1343 
Animal Reservoir, 1341, 1345 
Climatology, 1342-3 
Complications, 1437 
Convalescence, 1347 
Course, 1346-7 
Definition, 1341 
Diagnosis, 1514 

Differential, 1347-8, 1334 
Histopathology, 1346 
History, 1341 -2 
Incidence 
Age, 1345 
Season, 1343 
Sex, 1345 

Insects Spreading, 21, 691, 700-1, 
716, 717, 718, 920, 1128, 

1341 

Morbid Anatomy, 1345-6 
Onset, 1346 
Pathology, 1345 
Predisposing Causes, 1345 
Prognosis, 1348 
Prophylaxis, 1348-9 
Rash, 1514 
References, 1349 


Spotted Fever, continued 
Rickettsia bodies in, 1345 
Symptomatology, 1346-7 
Synonyms, 1341 
Termination, 1347 
Treatment, 1348 
Virus of, 1343-5 

Spotted Whitening of Nails, 2283 
Spots, Mongolian, 2222, 2237 
References, 2246 
Morrison’s, 2202 

Spring Catarrh, Chlamydozoa in, 539 
of Eyes, 2001 
Fevers, 1129 

Sprue, 1080, 1085, 1095, 1096, 1780 , 
1851, 1852 
.Etiology, 1781-3 
Climatology, 122, 1781 
Complications, 1787 
Definition, 1780 
Diagnosis, 1787-8 

Difterential, 1731, 1788 
Histopathology, 1784-5 
History, 1780 
Inclusion-bodies in, 539 
Morbid Anatomy, 1 785 
Prognosis, 1788 
References, 1799-1800 
Symptomatology, 1785-7 
Synonyms, 1780 
Treatment, 1788 
Dietetic, 1789 
Medical, 1793 

i Sputum, Fungi in, 1084, 1088, 1090. 

1091, 1092, 1521 
Parasites and Ova in, 320, 1521 
Squills, i()6 

Squirrel-Bite Disease. 1361 
Squirrels, 914 

Ground, Plague spread by, 869, 870 
Tick Infesting, 719 
Indian, Trypanosome of, 407 
Palm, Parasite of, 486 
Ssa'hfso, 1756 
Stable-Fly, 834, 904 
Stables, Vertigo- Disease associated 
with, 1982 
Staphylinidce, 226, 1640 
Vesicant, 2204, 2205 
Staphylinus fuscipes, 1640 
politus, 1640 
punctulatus, 1640 
splendens, 1640 
Staphylococcal Pyosis, 2255 
Staphylococcus{i), 1951, I959, 2026, 
2027, 2029, 2030, 2032 

alhus, 2166 
pyogenes aureus, 1602 
State, the, and Tropical Medicine, 29 
Status Thymicolymphaticus, 1924 
Typhosus, 1386, 1387 
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Steatozoon folliculoruni, 732 
Stegomyia, 747, 774, 789, 796 , 873, 
876, 896, 920, 1137, 

. ^527 

Species 

africana, 798 
albipes, 798 
albocephala, 798 
albolaieralis, 798 
albomarginata, 799 
amesii, 799 
annulirostvis, 797 
apicoavgentea, 798 
argenteomaculata, 798 
argenteopunctata, 798 
assamp-nsis, 798 
auriostviata, 798 

calopus (Jasciata), see fasciata 
beloiv 
crussipes, 799 
dubia, 798 

fasciata (calopus, f rater). Vector 
ot Dengue, and of Yel- 
low Fever, 23, 379, 398, 
541, (-44, 747, 796 , 797, 
799, 876, 1229, 1232, 
1233, 1234, 1244 sqq. 
f rater (fasciata), see fasciata, 
above 

grantii, 798 
lilii, 797 

mediopunctaia, 7()8 
minuta, 799 
minutissima, 798 
nigeria, 797 
periskclata, 797 
power i, 798 
pseudonigeria, 798 
psendonivea, 798 
pseudoscutellaris, (>37, (>41, 139^, 
i59« 

punciolaieralis, 798 
scutellaris, 797 
simpsoni, 798 
ierrens, 798 
ihomsoni, 797 
tri punctata, 799 
Uncertain 
des motes, 799 
larnherti, 799 
leucomeres, 799 
striocrura, 799 
w-alba, 797 
wellmanii, 798 
Steiner’s Tumours, 2260 
Stemphylium polymorphum, 1114, 
1742 

Stenoglossa, 890 
Stenomalus rnuscaruni, 908 
Stenophora, 471 
Stenosis, Pyloric, 1749 


StentorinidcB, 547 
Stephanocircus , 866 
dasyuri, 866 
simpsoni, 866 
thomasi, 866 

Stephanolepsis hispidus, 194 
SiephanopharyngincB, 361 
Stercobilin, 1147 
Sterculia, 177 

Sterigmatocystis, 1024, 1030 , iiii, 
1123, i88d, 1891, 1945, 
2149 

Dermatomycoses due to, 2041 
Species 

antacustica, 1024, 1030 
nidulans, 1024, 1030 ^ 2041, 2122 
nigra, 1024, 1032, 1891 
versicolor, 2149 

Sternberg-Hearsey Treatment for 
Blackwater Fever, 1225 
Steihomyia, 791, 883 
aitkeni, 888 
Stibas^nia, 820 
Stick Insects, 871 

Stigmatogaster subterraneus, 740, 1641 

StilbacecB, 1037 

Stilbella, 1037 

StilhellacecB, 1036 

Stilbum, 1037 

Stimulants, Evolution of, 95 
Useless for Snake-Bite, 278 
Stimulative Action of Sun-Rays, 83 
and Sedative Poisoning, 174-8 
Stinging Plants, 2151, 2152 
Stings or Bites of Insects, Dermatites 
due to, 1514, 1516, 1517, 
2200, 2206, 2207 
Stizlobium prurirns, 2159 
5/rtws, 2153, 2139 
Stock-Poisoning, 190 
Stomach, Cancer of, 1 74 9 

Diffuse Inflammation of, 1749 
Diseases of, 1739 . 1749 
References, 1751 

Phlegmonous Inflammation of, 
1320, 1749 

Symptoms, indicative of Derange- 
ment of Alimentary 
Canal, 1520 
Ulcers of, 1749 
Stomachida, 653 

Stomatitis, 123, 1061, 1073, 1788 
Aphthous, 1780 
Saccharomycetic, 1741 
Ulcerative, 1745 
Stomoxy dines, 832, 833 
Siomoxys, 380, 771, 832, 833 , 899, 900 
References, 836 
Species 

bengalcnsis, 833 
bilineata, 834 
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, ShMQ:vysj, continued 
Spteicies, continued 
^bouffardi, 834 
bouvieri var. clara, 834 
brunnipes, 833, 834 
calcitrans, 410, 833, 834 , 904, 905 
dacnusa, 833 
geniculata, 410 
glauca, 834 
gfiseiceps, 834 
indica, 833 
inornata, 834 
intermedia, 834 
korogwensis, 834 
lafonti, 834 
nigra, 833. 834, 835 
oblongopunctata, 833-4 
ochrosoma, 834 
omega, 834 
plurinotata, 833 
pratti, 834 
pulla, 834 
sitiens, 834 
stellata, 834 
teniatus, 834 
triangularis, 834 
varipes, 834 

Stone in the Bladder, 192O. 1929, 
1930 

Straits Settlements, Diseases of, 122 
Infant Mortality in, 122 
Stramatinia, formerly Endoconidiuni, 
987 

Strangles, 929 
Strangulated Hernia, 1943 
Stratiomyia chameleon, 363 
StraiiomyidcB, 814 
Straw Itch, 2216 
Straw -Mattress Disease, 2216 
StrehlidcB, 854 

Streptobacillus of Tizzoni, and Pella- 
gra, 1713 

Streptococcal Angina, 1 520 

Complications of Influenza, 1521 
Dermatites 
Primary, 2030 
Secondary, 2030, 2036 
Erysipelas, 2266 
Groups, 928 
Infections, Oral, 1740 
Tonsillar, 1747 
StreptococcecB, 924, 926 
Streptococcus{i), 925, 927, 928, 1357, 
1782-3, 1891, 1948 sqq., 
1959, 2030, 2032, 2166, 
2269 

References, 966 
Species 

actuosus, 930 
anaerobius, 928 
micros, 1950 


Sireptococcus(i), continued . 

Species, continued 
anguinosus, 930 
Bonom^’s, 1476, 1477 
bovinus, 927, 9}o, 1950, 1951 
boifis, 1950 
capellettii, 928 

coryzcB contagiosee equorum, 929 
epidemicus, 929 
cqui, 929 
cquinus, 929 

erysipelaios, 927, 929, 931, 1949 . 

1950, 1951 

erysipelatosus, 2030 
jcscalis, 930 

fcetidus, 928, 1950, 1951 
hcemolyticus, 931 
miiiov, 929, 930, 931, 1951 
sen viridans, 1949 
mitis, 929, 930 
mucosus, 931 

puerperalis, 929, 1945, r950. 1951 
putridus, 1949, 1950, 1951 
pyogenes, 929, 931, 1602, 1728, 
1891, 1948, 1950, 1951 
salivarius, 927, 1950, 1951 
tropicalis, 929, 2034 
versatilis, <.)2y, 930, 932, 1950, 
1931, 2031, 2032 
ves leans, 2031 
viridans, 931 
Sireptoncura, 890 

Sireptothrix, 1041, 1042, 2008, 2138, 
2139, 2166 

actinowyces, 1031, 1057 
alba, 1 040 
alhido-flava, i04() 

Almquist, I., II., & III., 1046 

alpha, 1046 

aquaiilis, 1057 

aurea, io()3, 1066, 2138 

auriantica, 1047 

of Berestneff, 1054 

beta, 1046 

Bonvicini's, 1057 

buccalis, 1050, 1054, 1067, 2133 

Candida, 1031 

caprcB, 1033 

cavnea, 1047 

cerebriformis, 10O3, i-OGG, 2138 
chalcea, 1047 
chondri, 1057 
chromogena, 1045 

Chromogenic Anaerobic, of Nesche- 
zadimenko, 2139 
cinereonigra aromatica , 1046 
coelicolor, 1047 
cuniculi, 1063, 1064, 2139 
Dean’s, from a Horse, 1054 
Doyen's, 2139 
enteritidis, 1051 
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Sireptothrix, continued 
eppingeri, 1053, 1058 
erythrea, 1047 
farcinica, jo^r 
flava, 1046 

foersteri, 1041. 1046, 1059, 1063, 
1066, 1067, 2138 
freeri, 1053, 2131 
fused, 1042, 1063, 12138 
Gasperini’s, 1054 
gedanensis, 1051, 1053 
gelatinosa, 1057 
graminarium, 1051 
hominis, 1053, 1054, loGi 
I-, 1054 

II. , lOjj, 1054 

III. & IV., 1050, 1051, 1054 
humified, 1045 

isrucli, 1064, 1066. 2138 

kvdusei, 1054, 2136 
Idthridii, 1051 
lehmunn, 1057 
leproides, 1646, 1666 
leuecd, 1046 

sdprophytied, IC45 
liquefdeiens, 1050 
luieold, 1050 

mudurce, 1051, 1058, 213^1, 2140 

meldnotied, 1045 

murisrdtti, 10 56 

myeetomi, 1104, 1106 

necrophoi'd, 1064 

New Acid-fast, 1053 

nigrd, 1045, 1054 

nigreseens, 1045 

ordngied, 1046 

plurieolor, 1047 

polyehromogenes, 1057 

pseudoiuberculosa, 1892 

pyogenes, 1046 

Yddidta, 1063, 1066, 2138 

rosenbdehi, 1053, 1058 

rubrd, 1047, 1051 

spitzi, 1057, 1063, 1004, 2139 

valvulcB destrtiens, 1034 

violdeed, 1046 

Streptothromycosis. Pulmoruiiy 1892 
Strictures, Neglected, 1939 
Strombodes jeuneri, 533 
Sirongopidsma, 1328 
Strongyles, 623, 659 
SirongylidcB, 623, 624, 659 
StYongyloides, 623, 626, 628 , 1G39. 
1777, 2209 

steYCOYdlis (vel intestindlis) , 122, 

623, 628 , 1758, 1777, 
1782 

Dermatites due to, 2219 
References, 681 
Strongyloidosis, 1758 
Strongyloplasmata, 539 


Strongylus , 659 
bYonehidlis, 
colubviformis, 664 
contoYtus, 663 
duodenalis, 666 
elongdtus, 662 
filicollis, 663 
gigds, 673 
instdbilis, 664 
longevdgindlis, 662 
pdYddoxus, 662 
pldeei, 663 
pYolobuYUS, 664 
quddYidentdtus , 666 
Yenalis, 675 
sabtilis, 664 
suis, 662 

StYophdnthus, 181, 182-3, 184 
IdYikd, 182 
eidbS 182 
gldhris, 182 
hispidus, 182 
kdmue, 182 
lanosus, 182 

Strychnine, 164, 167, 168, 185, 

191 

for Snake-Bite, 277 
Stvyehnos, 168 
edstelnieeand, 186 
colubYina, 164, 168 
cYevduxi, 186 
iedjd, 178, 183 
igndiii, 164, 168 
maingdyi, 184, 183 
nux vomicd, 164, 168, 187 
iieute, 184, 185 
toxifeYci, 186 
wdlliehidna, 184, 185 
Stupefying Poisons used with Intent 
to Rob, 163, 170-1 

Stupor, 1982 
StygeYomyid, 832, 837 
mdculosd, 837 
sdnguindYid, 837 
woosndmi, 837 
StylommdtophoYd, 892 
StyloYhynchidcB, 471 
Subacute Broncho-Spirochaeto&is, 1884 
Subcutaneous Filariases, 1967, 1968 
Myiasis, 1623, 1632 
Nodular Lipomatosis, 2247, 2253 
Suhpdngonid, 823 

Subtertian Malarial Fevers [see dlso 
Malaria, Subtertian),, 
1129 

Subtropical, Zone, 40, 41 
Sucking Worms, 333, 557 
Sudan, the, Poison used in, with 
intent to Cure, 171 
Sudan Nodules, 2165 
Sufura, 1761 
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Su^|:-Caii« Workers, Diseases of 
; ^ Dermatitis, 1 466 

Mossman Fever, 1465-6 
Suglacura, 1633 

Suicidal Poisons, 163, 169, 194 
Suicide, 1981 

Suid®, Traumatisms caused by, 153 
Sukha Pakla, 2241 

Sulphur as Anti-mosquito Pro- 
phylactic, 1206 

Sumatra, Arrow-Poison of, 181, 184 
Fish-Poisons of, 188 . 

Sumatran Races, 55 
Sumerians, the, 54 
Summer to Autumn Fevers, 1129, 
1164 

Summer- Autumnal Fevers (Sub- 
tertian Malarial Fevers) , 
1164 

Summer Diarrhoea, Epidemic, 899, 
1788, 1847 

Summer Fever, 1254 
Sumpffieber, 1129 

Sunburn, 83, 84, 85, 1730, 2231, 2266 
Sundanese, the, 55 
Sunlight, Effect of, on 
Eye, 2004 
Skin, 83-5, 2231 

Sun-Hays, Effects of, 82 , 115, 2014, 
see also Pigmentation, 
Sunburn, Sunstroke, 
Tropical Clothing, eic. 
Sunna Tahuret, 1944 
Sunstroke, 88, 91, 132, 139. 1258, 
1 449, 1450, 1451 

Clinical Identity of, with Heat- 
Stroke iq.v.), 146 
Sun-Traumatism, 1449 
Supan’s Lines, 39, 62 
Superbine Poisoning, 166, 167 
Supernumerary Nails, 2283 
Superstitions, Medical, 3 sqq. 
Suprarenal Capsules, Symptoms asso- 
ciated with, 1524, 1526 
Haemorrhage, Acute, 1923 

Subtertian Malaria resembling, 
1180 

System, Diseases of, 1919, 1923 
Suppression, 1923 

Suppuration of BaVtholin's Glands, 

1949 

Suppurative Choroiditis, 2005 
Corditis, 1939 
Otitis media, 2013 
Phlebitis of Spermatic Cord, 1939 
Uveitis, 2005 
Surra, 391, 409, 1262 
Insect Carriers, 410, 835 
Serum, Trypanolytic action, 392 
Trypanosomes of, 19, 391, 409 
Surra-like Disease in Cattle, 417 


Su^ruta, 7, 1824 
Su^ruta SamhiU, 7 .1924 
Sutika, 1955 
Sweat, Coloured, 2224 

of Malaria Patient, Toxicity of, 
1147 

Phosphorescent, 2224 
Pleasant-smelling, 2223 
Sweat Desquamation, 2227 
Reference, 2246 

Sweat Secretion increased in Dia- 
betes, etc., 2224 

Sweating, Disorders of, 2015, 2017 
Excessive, 2222-3 
Offensive, 2223 
Sweet- Water Disease, 1924 
Swellings, Tropical, 1972 
Swine, Parasites of, 539, 347 
Swine- Pest, 339 
Sycorax, Sob 
Sycosis, 1002 

Coccogcnica, 2266 
Trichophytic, 1005 
Symblepharon posterius, 200:) 
Symclus, 195^^ 

Symmetrical ICar Nodules, 2247, 2252 
Keralodermia of the Extremities, 
2259 

Palmar Erythema, 2222, 2244 
SvmphoroDiyia. 823 
Svni plocavpiis fa’tidiis, 2 1 32 
Symptomatic Bubo, 19O3 
Hn?moglobinurias, 1213 
Hyperidrosis, 2222 
Symptoms 

Kerandel’s, 1273 
Low-Castellani’s, 1273 
W i n t e rb o 1 1 (un ' s , 1273 
Syna)ichia brachio, 232, 233, 234 
verrucosa, 232, 233, 234 
Syncephalus, 1938 
Synclonus Beriberi a, 1671 
Syngamus, G78 
kingi, 0/8 
trachealis, 678 
Synkaryon, 294 
Synochus Biliosis, 1363 
Piitrida, 1326 
Synovitis, 156 
Filarial, 1967 

of Knee, 1596, 1617 
Syphilkles, 2085, 2177, 2234, 2233, 
2249, 252 

Chronic, 1730 
Circinate, 2279 
Pustular, 1518, 2279 
Syphilis, 7, 13, 118, 435, 1187, 1533, 
1540, 1644, 1663, 1718, 
1938, 2257 

Action of, on Foetus in utero, 22^5 
Blood Changes in, 1553 
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Syphilis, continued 

Causal Organism, 21, 436, 466 , 

457 , 1570 

Climatology, 122, 123, 124, 132, 

■ 133 

Complement Fixation in, 1554 
Diagnosis, 1530 

Differential, 1382, i 557 ' 8 » 

1747, 2023, 2173, 2185, 
2195, 2226, 2253 
in relation to Framboesia, 459, 
.1536. 1539, 1556 

Inoculation for, 459 
Treatment, 2279, 2280 
Native, 1749, 2280 
Virus of, 1569, 1570 
Congenital, 1556 

Eruption indicative of, 1518 
Syphilitic Affections. 2085, 2091 
Hyperkeratosis in, 2256, 2237 
Cerebral Tumours, 1981 
Gumma of Liver, 1914 
Heart-Block, 1904 
Hyperpigmentation, 2232 
Keratoses, 2257 i 

Infection, Disqualifying for Tmp- 1 
ical Life, 127 

Lymphatic Affections, 1961 
S plenomegaly , 1303 
Ulcers, 2185, 2190 
Syriac Medicine, ii 
Syringospora, 1742 
albicans, 1742 
robini, 1085, 1742 
SyvphidcB, 825, 901, i 0 ) 27 , 1630 
Svrphus, 1627 

Systems, the. Diseases of, 1873 

TabanidcB (Tabanid Flies, or Taba- 
nids) 773, 814, 815 , 823, 
874, 899. 2200 

Parasites carried by. 367. 369. 

415, 8i(), 874-5 
References, 836 
Tabanince, 817 
Tabanus, 817, 819 , 821 
africanus, 819 
bovinus, 819 
ditceniatus, 816, 819 
fasciatus, 819 
glaucopis, 367. 816 
gratus, 819 
hilarius, 819 
kingi, pupa, 817 
lineola, 410 
memoralis, 816 
nigritus, 816 
icdniola, 819 
iergestinus, 369 
tropicus, 410 
Tabardillo, 24 


Tabernamontana malaccensis, 184 
Tabes Dorsalis, 2279 
Tacamocho Fever, 1467 
Tdche End6mique des Cordillidres, 
2093 

Tachina larvarum, 1629 
TachinidcB, 1629 
Tcenia, 59b, 601, 602, 612 , 1776 
References, 619, 620 
Species 

acutissima, 61 1 
tsgyptiaca, 610 

africana, 601, 602, 603, 614 , 1756 
anseris, 61 1 
anserum, bn 
armata Humana, 012 
bremneri, 601, 602, (>03, 616,1756 
canina, 608 

confusa, 001, 602, 603, 616 , 1756 
crassicollis, 600 
cucumerina, 608 
cucurb' 'ina, 612, 613 
demerariensis, 61 1 
dentata, 604, 612, 613 
diniinuia, 609 

i echinococcus, 61 6, 1907 

ellipiica, 608 
flavopunctata, 609 
Found in Man, 601 
Table of, (>02 


grisea, 604 

hominis, 601, 602, 603, 615 , 1756 

hydaiigena, 616 

lanceolaia, 61 1 

lata, 604, 613 

lepiocephala, 609 

madagascariensis, 61 1 

mediocanellata, 613 

niembraneacea , 604 

niermis, 613 

minima, 619 

murina, 610 

nana, 610, 616 


pellucida, 612 

philippina, 601, 602, 603, 615 , 
1756 


pisiformis, 601 

rhinaria, 733 ^ . 

■iaeinata. 122, 205, 601, 602, 603, 

612, 613,895. 1753 

Food-absorption by, 553 
solium, 122, 6oi, 602, 603, 612 , 

613, 895, 1967 


var. ahieiina, 613 
tcBniceformis, 601 


tenella, 604 
tropica, 613 
varesina, 609 
vulgaris, 604, 512 
zittavensis, 613 
Subgenera, 612 
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' Tm^iarhynchus, 601, 602, 612 

f Hcana, 614 
Scopennatus, 644 
, 'minis, 615 
' ‘ philippina, 615 
saginata, 614 
Tpaeniases 

Intestinal, 601, 1753 
Rare, 1 756 
Somatic, 601, 19O7 
Treatment, 559. I 753 
Native, 1753 
Tcsniidce, 601, 602, 607 
Eggs: Scheme for Recognizing, 
603-4 

Sub-families, 607 sqq. 

Tt^iincs, 601, 607, 612 
Ihcsfi^^lossa, 890 
Tagala Race, 55 
Tahaga, 414 
Tahuret 

Pharaoh’s, 1944 
Sunna, 1944 
Tai Race, 54 
Tala-chini, 278 
Talipes equino-varus, 123 
Tamias, 914 
Tampan, 706 

Tanghinia venenifera, in Ordeals, 179 
Tanjore Pill for Snake-Bite (useless), 
278 

Tank- Worm, 631 
Tanqua, 629 
TanypincB, 801 

T any pus Larvae, Herpetomonacl of, 

?,(>7 

Taol suba, 1690 
Taon, 1690 

Tapeworms, 9, 596, 602, 907, see also 
Taenia 

Cysticerci of, 600, 601, 857, 1967 
Tapioca, 172 
T apura guyanensis, 1 88 
Tapuya Race, Oo 
Tarantismus, 215 
Tarantula Spider, 212 
Bite of, 213 
Venom of, 213 
Tarasco Race, 37 

Tarbagans and Plague, 867, 913, 915 , 
1423, 1424 

Tarbardillo, El, 1326 
Tarbophis savignyi, Venom of, 245 
TarsonemidcB, 728, 2214 
Tarsonemus hominis, 728 i 

intectus, 2214 
monougniculosis, 728 
uncinatus, 2214 j 

Tartar Emetic, 28, 170, 1202, 1275, ; 

1297 , 1279, 2174 j 

References, 1212 I 


Taschkent Jarassi, 2165 
Tasiorchis, 561 
Tasmanian Race, 9, 53 
Taste, Loss of, Post-Malarial, 1184 
Tatar Race, 55 
Tattooing, 2222, 2238 
Medical, 2230 
Ornamental, 2238 
References, 2246 
Sequelae, 2274 
Ta,tlow, 2238 
Tatu, 1283, 2238 
Tatusia novemcincia, 1283 
Tau, 2238 

Tch’oungtis’ao, 172' 

Tea-Drinking, Excessive, 178 
Tea-Dust, 1876 

Monilia in, 1084, 1089, 1090, 1091, 
1887, 1891 
Other Fungi in, 1891 
Tea-Factory Cough, 1887, 1890 
Teak-Dust Dermatitis, 2159 
Tebi, 1303 
Tecpanec Race, 57 
Tectona grandis, 2139 
Teeth, Condition of, for Candi- 
dates for the Tropics, 
128 

Crowned, Stopped or Bridged, 1520, 

1531 

' Tehuelche Race, 36 
Teichomyzafusca, ibig 
I Teigne, 2052 

i Telangiectases, Multiple, 2273 
Teleosporidia, 293, 296, 297, 469 
References, 526 
' Teleostei, 232, 240, 789 
i Teleostomi, 233 

j Temperate Climates, Return to, in 
! relation to Life Assur- 

j ance, 132 

I Essential for 

White People, 129-30 
; Women, 130 

; Temperature, Atmospheric, in rela- 
tion to Malarial Fevers, 
1138-9, 1203 

Effect of, on Parasites, 116 
, High, in relation to Disease, 

137 

References, 14 1 
Axillary, 70 
of Body, Effect on, of 
Clothing, 69 

High Atmospheric Tempera- 
tures, 137 

and Varying Humidity, 71 
Investigation methods, 70-1 
Normal, 69-71 
Oral, 70, 71 
Rectal, 71 
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Temperature and Humidity, 67 , 137 
Effects of, on 
Blood, 75-6 
Circulation, 74-5 
Digestion, 76 
Generative Organs, 77 
Growth, 77 

Man, generally, 67, 137 
Nervous System, 76 
Respiration, 73 
Skin, 77 

Urinary System, 76-7 
Tenebrio moletor, 1640, 1641 
Tenebrionidee, 1640 
Tenesme, 1824 
Tenesmus, 12 
Tentacularia, 649 
subcompressa, 649 
Tephrosia, 188 
piscatoria, 188 
toxicaria, 188 
vogelii, 188 

Terata anadidyma, 195^ 
anakatadidyma, 1958 
katadidyma, 1958 
Terebinthacece, 215O 
TevebridcB, Bites of, 227 
Ternek Arrow-Poison, 184 
‘ Ternidens, 660 
• deminutus, 660 
'Tersesthes, 802, 803 
Tertian Fever, ii 

Malarial Fevers, 1129, see also 
Malaria, Tertian, 1161 
Tertiana Duplex, 1161 
Simplex, 1161 
Test Diets, loi 
Testacea, 326 

Testicles of Animals as Aphrodisiacs, 
172 

Tests 

Absorption (Saturation), 1397 
Gas- Agglutination, 1392 
Urinary 

Mycological, 1926, 1934 
for Quinine Elimination, 1926, 

1936 

References, 1937 

Tetanic type of Subtertian Malaria, 
1173. 1175 
Tetanus, 22, 156 

Symptomatology, 1 89 
Infantile, 120 
Neonatorum, 1956 
Tetany, 1919, 1920 
Endemic, 1922 
Teter, 2052 
Tetia, 1535 
TetraGhilomastix , 348 
TetvamUideB, 333, 334. 345 , 348 
TetramitidincB; 2 >^ 5 y 347, 349 
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Tetramitus, 345, 348, 349 
bods, 330 
mesnili, 350 

Tetvanychidee, 725, 727 , 2214 
Tetranychus, 727 
molestiss'miis, 127 , 2214 
tetarius var. russeolus, 727 
Tetraphora, 802 
Tetrapoda, 692 
Tctratrichomastix, 351 
T eiratrichomonas , 352, 353, 355 
gallinarnni, 352 
prozvozc/ii, 355 
vagincB, 194^, 
vaginalis, 356 
Tetraphyllidea, 600 
TeiraspoYocysiidee, 473 
Tetrodin, 194 
Tetrodon, 194 
chvysops, ±94 
Jiuviatilis, bite of, 234 
hispidus, 194 
Icsv. gains, 194 
hmaris, 194 
pardalis, 194 
pennaniii, 194 
poicelonotus, 194 
porphyreus, 194 
rivulatus, 194 
rubripes, 194 
stellatus, 194 
siiconotus, 194 
vermicularis, 194 
Tetrodonic Acid, 194 
Tetters, 2052. 2053 
Teutonic Branch of the Caucasic 
Races, 46 

Texas Fever in Oxen, 497, 715 
Thalassin, 204 
Thalassophis, 249, 251 
Thallassophryne, 233, 234, 236 
maculosa, 233, 236 
reticulata, 233, 236 
Thallophyta, 923 , 968 
Thallosporales, 98G, 1039, 1069 
Thallospore, 1037 
Thanotophidia, 244, 245, 

Indian, 243 

Thapsia garganica, 2153 
Thaumastocera, 820 
akwa, 820 

Thecamcebida, 298, 326 
Thecosoma, 584 
T heiconiyza fusca, 365 
Theileria, 490, 49i, 492, 498 
buffali, 500 
cellii, 500 
niuians, 499 

parva, 490, 498^504, 1568 
Thelavia rostrella, 1024 
Thelohania, 529 
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Theobald^s Classification of CuHcida, 
, 790 

Theraphosa avicularis, 212, 214-15 
blondi, 212 
javanensisy 212, 215 
Theraphosa, venomous Spiders, 214-5 
Thereva nobilitata, 1630 
Therevida, 824, 1630 
Theridiida, 212 

Theridium lugubre, Bite of, 214 
Venom of, 215 
tredecim gutiatum, 212 
Therioplectes, 819 
borealis, 819 
micans, 819 
montanus, 819 
trppicus, 819 

Th¥fmic Fever, 139, 1449, 1527 
Thermometrical Pseudo-Fever, 1512 
Theurgic Medicine, 3 sqq., 51, 54, 55 
Thevetia ahovai, 164, 168 
Thevetin- Poisoning, 165 
Thevetosin, 168 
Thiara, 891 

Thickening of Nails, 2283 
Thigh, Non-development of, 1959 
Thim’ni, 1625 
Thinning of Nails, 2283 
Thiobacteriales, 924 
Thorn-Wounds in relation to the 
Maduromycoses, 2123, 

2134 

Three Days’ Fever 541, 806, 1244, 
1249, 1254 
Insect Vector, 806 
Virus, filterable, 541 
Throat, Diseases of, 1739 
References, 1751 

Inflammatory and other Affections, 
of, 1875 sqq. 

Symptoms, indicative of Aliment- 
ary Derangements, 1520 
Thrombosis, 1904 
Thrush, 1741 

Fungi Associated with, and Caus- 
ing, 984, 1061, 1080, 
1081, 1084 , 1085, 1086, 
1087, 1091, 1092, 1741 , 
1742, 1788' 

References, 1751 
Vaginal, 1945 
Thymelacea, 2153 
Thugs, Datura-Poisoning by, 171 
Thunderstorms, 82 
Thymol, in Ankylostomiasis, 1769 
History of, 29 

Thymus System, Diseases of, 1919, 

1923 

Thyroid Gland, and System, Diseases 
of, 1919 
References, 1925 


Thyroid Type of Subtertian Malang, 
1180 

Thyroiditis, 1920 
Thyromegaly, Endemic, 1920 
Thysanoptera, 748 
Thuija occidentalis, 2153 
Tibetans, the, 55 
Tibeto-Chinese Mongol Races, 55 
Tibia, Cystic Swellings of, 1072 
Tibu People, 47 

Tick-Bite, 215, 216, 217, 693, 

767 

Tick- Bite Dermatoses, 2213 
Tick-Eradication Methods, 701, 
1348-9 

Tick Fever, African (Dutton’s Re- 
lapsing Fever), 19, 691, 
694, 700, 706, 1261, 

1318 

References, 1324-5 
Colombian, 444, 445, 1324 
of Miana, 691, 700, 1322 
References, 1325 
of Rocky Mountains, 691, 692, 
694, 700, 1341 
References, 1349 
West African, 444, 445 
of Wyoming, 1349 

Tick Group of Relapsing Fevers, 919, 
1308, 1318 
Tick Paralysis, 719, 872 
Ticks, 691, 692 , see also under 

Scientific Names 

Diseases and Parasites Spread by, 
21, 23, 362, 363, 380, 
397, 440-1. 442, 444 . 
445. 454 . 479 . 485. 487. 
492 sqq., 691, 692, 694, 
700-1, 707, 1308 , 1341, 
1349, 1650 et alibi 
ICnemics of, 701, 767 
Parasitic on Man, List of, 700 
Prophylactic Measures against, 701, 
1348-9 

References, 229 
Vernacular Names 
Black-pitted. 713 
Blue, 715 
Bont, 723 
Brown, 712 
Castor-oil, 720 
I^og, 713, 719, 722 
Fowl, 704 
Red-leg, 714 
Variegated, 723 

Tic polonga, 163, 249, see also 

Viper a russelli 
Tics, Convulsive, 1983 , 

Tidswell’s Ndtechis scutatus Ptrs. 

Serum, 272, 273 
Tientsin Fever, 1466 
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Tifo Addominale, 136 
Esantematico, 1326 
Petecchiale, 1326 

Tiger-Moth Larvae, Irritation caused 
by, 222, 2208 

Tiger- Poisoning (India), 189 

Tigers, Traumatisms due to, 148, 149 

Ttlletia levis, 1032 

Timba, 188 

Timboin, 168 

Tina, 2093 

Tinea Alba, 2040, 2048, 2077, 2099, 
2230 

Albigena, 1008, 2040, 2050, 2099 
Axillaris, 2042 

Barbae, 99^, 1007, 2053, 2268 
Tropicalis, 2058 

Capitis, 992, 993, 1000, 2052, 2056, 
2267-8 
Favica, 2057 
Microsporica, 2057 
Trichoph^rtica, 2057 
Tropicaus, 1001, 2052 
Varieties of. Causal organisms, 
2040 

Ciliorum, 2058 
Circinata, 999, 1007, 2053 
Corporis, 993, 1002, 1009 
Neglected, 2247 
Pustular, 1005, 1006 
Tropicalis, 1009 

Variety of: Causal organism, 
2040 

Cruris, 1000, 1016, 2040, 2042, 
2058 

Regions of Body Affected, 2043, 

2044 

Sequelae, 2080 
Treatment, 2047 
Varieties, 2043-4 
Decal vans Tropicalis, 2057 
Flava, 123, 1097, 1099, 2041, 2073, 
2079, 2099, 2268 

Imbricata (Tokelau). 123, 1017, 

1020, 1022, 1033, 2040, 
2059, 2060 

iEtiology, 2040, 2065 
Age, Race, and Sex, Incidence, 
2066 

Climatology, 2061-5 
Definition, 2059 
Diagnosis, 2069 
Differential, 2070 
Disease mistaken for, 2271 
Economics of, 2070 
Experimental Reproduction of, 
2060 

Predisposing Causes, 2066 
Prognosis, 2070 
Prophylaxis, 2071-2 
References, 2108-9 


Tinea Imbricata, continued 
. Symptomatology, 2066-8 
^ . Synonyms, 2059-60 
Treatment, 2070-1 . 

Varieties, 2068-9 
Inguinalis, 2042, 2044 
Inter digitalis, 2045 
Intersecta, 1017, 1023, 2040, 2070, 
2072 

Nigra. 1100, iioi, 2041, 20783 
Nigro-circinata , 1009, 2040, 2052, 

2235 

Nodosa, 2105 
Palpebrarum, 2009 
Rosea, 2076, 20/8 

Sabourandi Tropicalis, 2040, 2051, 
2052 

Tonsurans, 2053 
Black-dot, 2057 
Tropicalis, 2042, 2044 
Unguium Tropicalis, 2'''5g 
Versicolor, 1097 
Tineac, Ocular, 2009 
Tinnitus Aurium, 1192, 1201, 2012, 
2013 

Aspergillar, 1031 
Post-Malarial, 1184 
Tihoso, 25 

Tipula Larvae, Embadomonas in, 

■ , . .^47 

Tipularta culiformis, 801 
latipennis, 810 
Tipulidce, 801, 1630 
Tireoidite pamsiiaria , 1283 
Tlalsahuate (mite), 2213 
T'neuta, Sheep Poison, 189 
Toads, as Fly-catchers, 908 
Parasites of, 488 
Venom of, 240 
Toar, 195 
Tobacco. 175 
in Arrow- Poison, 184 
as Infanticidal Poison, 169 
Tochu-bio. 1350 
Todas, the. Food of, 96 
Toddia, 360 

Toe, Mango, 2036, 2045, 2047 
Toe-nail, Ingrowing, 2283 
Togoland, Arrow- Poison of, 180 
Tokelau, Tokelau Ringworm, or Tinea 
Imbricata, 123, 2059, 
2060 

Toltec Race, 57 

Tom, 24, see also Jigger 

‘'Tondante peladoide ", 999 

Tona, 1535 

Tonga, 1535 

Tongue, Affections and Diseases of, 
2283 

Black Mycosis of, 976 
Betel-staining of, 1746, 2284 
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Tongue, continued 
Cancer of, 1741 

Dark Patches on, in Ankylosto- 
miasis, 1746, 2283 
Furrowed, 1746, 2284 
Leucoplakia of, 1746, 2283 
pigmentation of, 1731, 1746, 2265, 
2283 

Red, or Purple, 1746, 2283 
Scrotal, 1746, 2284 
Wooden, in Cattle, 2148 
Tonsillar Abscesses, 1061, 1747 
Affections, 1745, 1747 
Hemisporomycosis, 1748 
Inflammations, 1740 
Moniliomycosis, 1748 
Mycoses, 1747 
Nocardiasis, 1747 
Nocardiomycosis, 1747 
Oidiomycosis, 1748 
Tonsillitis, 1250 

Fungi in. 982, 1743 
Amoebic, 1747 
Flagellate, 1747 
Follicular, 1747 
Membrano-ulcerative, 1745 
Subacute, 1743 
Torahumera Race, 60 
Torcel, 828, 1633 
Tormina, 1824 
Tornadoes, 82 

Torres Straits Islands, Diseases of 123, 
Tortoises, Parasites of, 401, 480, 
486-7 

Toruahebue, 12 (jo 
Torula, 987, 1042, 1071, 1117 
ahhreviata, 987 
olivacea, 987 
Torulacei, 987 
Torulaspora, 979 
Tourniquet, 1982 
Toxiemias, 1920 

due to Deep Suppuration, 1 528 
Helminthic, 1520, 1522. 1527, 1530 
Intestinal, 1320 
Simple, 1920 

Toxfemic Hyperplasia, 1920 
Toxalbumins of Snake-Venom. 243-4, 

254 

I'oxascaris, 623, 653, 655 , 656 
canis, 623, 655 , 1775 
References, 682 
limbata, 655 

Toxic Haemoglobinurias, 1213, 1522 
Toxicodendrol, 2156 
Toxicological Laboratories, Need for, 
162 

Toxicology, 4, 8, 12 
History, 24 
Toxobodo, 342 
intestinalis, 342 


Toxoplasma, 359, 360, 488 , 1289, 

1525. 1529 

avium, 489 
canis, 489 
cavicD, 489 
cuniculi, 489, 490 
/ran pee, 490 
gondii, 489, 490 
musculi, 489 
neophroniis, 489 

pyrogenes, 489, 490 , 1304 . 1305 . 
1306 

raiii, 489 
sciuri, 489 
sporophilcB, 489 
talpee, 489 
Unnamed in 

CryptopYocia ferox, 489 
Mycetes seniculus, 489 
Toxoplasmatic Febrile Splenomegaly, 

1531 

Toxoplasmidee, 478, 488 
References, 527 

Toxoplasmosis, 1303, 1305 , 1525, 

1529^ 

Trachinidee, 233, 234, 236-7, 238-9 
Trachinus araneus, 233, 234, 236 
draco, 233, 234, 238 
radiatus, 233, 234, 237 
vipera, 233, 234 
Trachoma, 1997, 1998 

Chlamydozoa in, 539, 540, 541, 542, 
1998 

Fungus in, 1998 
Opacities due to, 2000 
Trachoma Bodies, 541 
Tr achy derma horridum, 278 
Trachymedusce, 204 
Trade-Poisoning, 191 , 1695 
References, 192 
Trade-Wind Belts, 63, 64 
Trade-Winds, 80 

Transmission, Definition of, 874, 921 
Ingestive, 874 
Penetrative, 874 

Transverse Furrowing of Nails, 
2283 

Traumatic Dermal Myiasis, 1623, 

1632 

Mucous Urethritis, 1943 
Rupture of Liver, 1907 
Spreading Gangrene, 150 
Traumatisms 

in Acute Fevers, 1512, 1513 
Due to 

Ferocious Beasts, 115, 147 
Other Physical Causes, 155 
References, 157 
War. 1981 

* Tread softly ' Plant, 2159 
Tree-Snakes, 245 
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Trematoda, 552, 5 5 ‘5. 559. ‘?6o 

Mollusc Hosts of, 17 558 559 

889 

References, 593 

Digenetic, Development of, 558-9 
Trematode Infections, 889 
Climatology, 122 
Diagnosis, 559 
Fevers, 1752 
Intestinal, 1752 
Mixed, 1777 
Prophylaxis, 559-60 
Table of, 894 
Treatment, 559 
Parasites, of Liver, 1907 
Worms, of Human Intestine, List of, 
1752 

Trematodiases, Intestinal, 1752 
Tremors, Malarial, 1185 
Trench Diarrhoea, 1820 
Choleraic, 1821 
Trench Fever, 1501 
/Ftiology, 150^ 

Causal Organism, searcli for, 
1502-3 

Climatology, 1503 
Definition, 150 1-2 
Diagnosis, 1527 

Differential, 1505. 1527 
History, 1502-3 
Incubation-period. 1503-4 
Lice as Vectors, 754. 920, 1501 
Onset, Course, Intermissions, 
and Termination, 1501, 

.1504-5. 1527 

Prognosis, 1505 
Prophylaxis, 1505 
Rash, 1504, 1505 
Reference, 1510 

Rickettsia bodies in, 1345, 1502-3 
Symptomatology, 1501, 1503-4 
Synonyms, 1501 
Treatment, 1505 
Varieties, 1505 
Appendicular, 1504 
Cerebro-spinal, 1504 
Dengue-like, 1505 
Typhoidal, 1505 
Trench Foot, 1967, 2110, 2149 
Reference, 1980 
Nephritis, 1926 
Shin, 1501 
Skin, 1501 
Treponema, 454 
Oral, 461 
Species 

calligyrum, 461 
dentium, 641 
intermedium, 461 
macrodentium, 1740 
microdentium, 461, 1740 


Treponema, continued 
Species, continued 
minei, 461 
minutum, 461 
mucosum, 461, 1740 
pallidum, 21, 434, 454, 465, 461,, 

1945. 2193 

References, 463 
parvum, 461 

pertenue, 21, 24, 457 , 1535, 

1538, 1539. 1540, 1557. 

J 5 58-9, 1508, 1576, 

1664, 2022, 2052, 2185 
References, 463 
refr ingens, 461 
stytopygcB, ,^61 
terminii, 461 
iriccale, 461 
Unnamed, in Frog, 461 
urethrcB, 4O1 
urethrale, 1944 
vivax, 461 

Treponema Urethritis, 1944 
Treponemata, 289, 296, 436 
TreponemidcB, 436, 454 
Treponemosis, Castellani's, 1535 
Trial by Ordeal, Poisons used in, 
178-9 

Triatoma, 767 
diminuta, 430 
geniculata, 1283, 1284 
infestans, 1284 

megista, 414, 429, 881, 882, 1283, 
see also Lamus megistus 
protracta, 398 
sordida, 430, 1284 
vitticeps, 430 
Tricercomonas, 348 
hominis, 349 
Trichiasis, 2000 
Trichina, 675 
contorta, 627 
cystica, 633 
spiralis, 676 

Trichinella, 623, 675, 1679, 1680 
spiralis, 285, 623. 676 

Wanderings of. Symptoms due 

to. 553 

TrichinellidiB, 623, 675 
TrichinellincB, 675 
Trichiniasis or Trichinosis, 1967 
Causal Agent, 553, 676 
Diagnosis. 1515, 1523 
Differential, 1395. 1396 
Rash, 1515 

Trichocephaiiasis, 1758 
Trichocephalus dispar, 677 
hominis, 677 
trichiura, 1758 
Trichocercous Cer caries, 559 
Trichocomacees, 986 
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Trichocysts in Holotricha, 545 
Trichodectes, 751 
canis, 608 
subrostratus, 608 
TrichodecHdcB, 751 
^ Trichoderma roseum, 1117 
TrichomonadincB, 345, 361 
Trichomonas, 331, 349, 352, 1944 
Change of, to Amoeba, 354, 355 
Species 

hatrachorum, 352, 353, 355 
cavits, 353, 355 
columharum, 353, 355 
dysenteries, 353, 365 
evansi, 409 
Found in Man, 353-6 
hominis, 18, 319, 333, 354, 

1777 

intestinalis , 350, 354, 549^ 1273 
irregularis, 354 
lacertes, 353,' 355 
lewisi, 403 

limacis, 352, 353, 355 
perroncth, 353, 335 
pulmonalis, 353, 355 
suis, 353, 355 

vaginalis, 352, 353, 354, 1273, 
1946 

Trichomonata, 319, 1838 
Trichomycetes, 1040 
Trichomycosis 
Forms of, 

Axillaris, 2101 
Axillarum, 2041 
Flava, 2101 
Axillary, 1067 
Fusca, 2102 
Nigra, 2101 
^ Nodosa, 2101 
* Nodular, 2105, 2042 
Palmcllina, 2101 
Rubra, 932, 2101 
References, 2108 
Trichonocardiasis, 2101, 2102 
Trichopalpus, 823 
obscurus, 823 

Trichophytic Granuloma, 1000, 1002 
Trichophyton, 986, 987, 988, 989, 
996 , 997, iioi, II 13, 

2008, 2053, 2054, 2055, 
2056, 2057, 2059, 2077, 
2095 

Dermatomycoses due to, 2040 
Species 

acuminatum, 999, 2054, 2057 
albisicans, 1008, 2040, 2050 
album, 1004, 2055 
aster oides, 1005 
balcaneum, 1009 

Biological Characters, Table 
of, 1610 


Trichophyton, continued 
Species, continued 

blanchardi, 1008, 1009, 2040. 

2051, 2055 
carateum, 2055 
casiellanii, 1015 
cerebri forme, 1002 
ceylonense, 1009, 2040, 2052 
circonvolutum, 998, 1000 , 2055, 
2056 

concentricum, 1017, 2065 
craieriforme, 999, 2054 
cruris, 1015, 2042 
currii, 995, 998, 1001 , 2040, 

2055, 2056 
denticulatum, 1006 
discoides, 1003, 1004, 2040, 2055 
effr actum, 998, 1001 
endoihrix, 999 
equinum, 1007 

cxsiccatum, 998, 1000 , 2040, 

'^<^>55. 2056 
farinulenium, 1003 
felineum, 1006, 2035 
fumatum, 998, 1001 
glabrum, 998, 1000 
granulosum, 1006 
griseum, 2035 
gypseum, 1003, 1006, 2034 
lacticolor, 1006 

maefadyeni, 1009, 20^0, 2048, 

2033 

megalosporum endoihrix, 999 
megnini, 1007 
mentagrophytes, 1005, 1006 
minimum, 993 
niveum, 1006 

nodoformans, 1007, 2040, 2043, 
2044, 2033, 2038 
ochraceum, 1004 
perneti, 2042 
persicolor, 1003 
pictor, 1029 
pilosum, 998, 999 
plicatile, 1000 

polygonum, 998, 1001 , 2040, 

2055, 2056 
purpureum, 1016 
radians, 1006 
radiolatum, 1006 
regulare, 998, 1001 
rosaceum, 1007, 2054 
roseum, 1007 

sabouraudi, 996, 998, 999 , 1008, 
2051, 2034, 2035, 2036, 
2037 

sudanense, 998, 1000 , 2040, 2033, 
2056 

sulphureum, 998, 1000 
tonsurans, 995, 998, 999 , 1001, 
1002, 2008, 2009, 2054 
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Tnchophylon, continued 
Species, continued 
umbilicatum, 998, 1001 
verrucosum, 1003 
viannai, 1008, 1009 
vinosum, 1007 

violaceum, 998, 1000, 1004, 2054, 
2055. 2056, 2058 
var. decalvans, 998, 1000, 2040, 
2055. 2056 

var. khartoumensis, 998, 1000, 
1001, 2040, 2056, 2057, 
T, . 2058 

Trichophyton Vaccines, 969 
TrichophytonecB. 986, 988 
Evichophy loses, 2051, 2052 
Vaccines for, 969 
Tropical, 2267 
Irichophytosis, 1000, 2057 
(ircinata disidriformis, 1006 
Equine kjoC 
of the Nails, 999 
I yichoprosoponineu , 790 
Trichopterous Larvae, Embadomonas 
in, 346 

Trichorrhexis Nodosa, 2282 
Trichosomidcs. 623, 629, 675 
Trich 9 spherium, 298 
Trichosporum {Trichosporon), 1101 , 
1117 

heigeli, iioi, 1102, 1103 , 2101, 2105 
qiganteum, iioi, 1102, 2100, 2101. 
2105 

glycophile, 1102, 1103 , 2105 
ovale, 1102, 1103 , 2101, 2105 
ovoides, iioi, 1102, 1103 , 2101. 

2105 

Trichosporium, iioi 
Trichosporosis, iioi 
Forms of 

Behrend’s, 2105 
Beigel’s, 2105 
Du Bois’s, 2105 
Indica, 2101 

of Temperate Zones, 2100, 2101 
Tropica, 2100, 2105 
Unna’s, 2105 
References, 2108 

TrichostrongylidcB, 623, 624, 659 

662 

Trichostrongylus, 624, 664 
References, 682 
Species 

colubriformis, 624, 664 
orientalis, 624, 664 
probolurus, 624, 664 
retortceformis, 664 
subtilis, 664 
vUrinus, 624, 664, 665 
Trichothecium, 1053, 1116 
foseum, 1 1 16, 1117 


Trichuriasis, 1 758 
-Etiology, 1759 
Climatology, 1759 
Definition, 1758 
Diagnosis, 1760 
History, 1758-9 
Morbid Anatomy, 1760 
Nomenclature, 1758 
Patholo^, 1759-60 
Prognosis, 1760 
Prophylaxis, 1760 
References, 1778 
Symptomatology, 1760 
Synonyms, •x‘758 
Treatment, 1760 
Varieties 

Appendicular, 1760 
Intestinal, 1760 
Trichurince, 675, 676 
THchuris, 623, 676 , 1739, 1758, 1765, 
1776. 1777 

trichiura, 122, 553, 023, 677 , 1273, 

1552, 1554. 1593. 1 ^ 79 . 

1680, 1758, 1759, 1760, 

T ■ / ; • 

1 rtgla nirundo, 232, 233 
TriglidcB, 232 
Trigliformes, 232 
Trilobius gracilis, 366 
Trimastigamoeha, 298, 300 
philippinensis, 300 
Trimastix, 345 

Trimorphodon hisctilaius. Venom of, 
245 

Trinoton luridum, 750 
Triodontophorus, 624, 659, 660 
deminutus, 624, 660 
Triodontus, 660 
Triple Monsters, 1959 
Tritaeophya Typhodes, 1363 
Triton cristatus. Parasite of, 355 
Venom of, 240 

Tritons, Trichomonas in, 355 
Troglotrema, 572 
Troglotremidce, 564, 572 
TrombididcB, 725, 2213 
Dermatitis-causing, 2213 
Trombidium, 725 
americanus (Leptus), 725, 2215 
irritans (Leptus), 725, 2215 
musccB, 908 
muscarum, 908 
striaticeps, 2215 
tlalsahuate, 725, 2213 
vandersandei, 2214 
wichmanni, 2214 
Trombidoidea, 692, 724, 725 
Tropceolacece, 2153, 2154, 2162 
Tropcelolum majus, 2153, 2162 
Trophonucleus, 290, 331, 337, 381, 
382 
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Trophozoites, 293, 304 
Tropical Amnesia, 88 
Aphthae, 1780 
Boils, 2027 

Bronchomy coses, 1875, 1886 
References, 1894 
Cardiospasmus, 1750 
Chlorosis, 1761 
Climates, 39-40, 62 

Divisions of, 39, 62 sqq. 

Clothing, 89, 90 , 1989 
Countries, Inhabitants of, Three 
Classes of, 1 1 2 
Dermalomycoses 
Classification, 2040 
References, 2107-9 
Diseases, 112, 1127 sqq. 
Complications of 
Ear, 2013 
Eye, 200^ 

Dissemination of, by the War, 
29-30 

Distribution, 120-5 
Endemicity, 114 
Epidemicity, 117 
Evolution, 1 1 2, 1 1 4, 394 
Geograj^j^ical Discovery and, 114 
References, 125-6 
Tropical Diseases Bulletin, 29 
Tropical Diseases Bureau, 1262 
Tropical Diseases Research Eiind, 
29 

Tropical Ecthyma, 929, 2034 
Fever, Diagnosis of a, 1511 
Fevers, 1128 sqq. 

Foods, 94 

Materials of, 104 
Little-known, 110 
References, iio-ii 
Furunculosis, 2027 
Fury, 76, 1981 

Ha'inoglobinurias, 1128, 1168, 1213 
Head- Gear, 89 
Heart, 1904 

Heat, Exposure to. Warning on, of 
Candidates for the 
Tropics, 128 
Hygiene, 89 

Ichthyosis, 2060, 2070 - 
Kala-Azar, 883, 1289 
Kohler, 76, 1981 
Lepothrix, 2ior 

Life, Fitness for. Examination for, 
127 

References, 134 
Life-Assurance, 131 
Light, 86 

Liver, 1525, 1906, 1908 
Varieties, 1909 

Malaria, 1164, see also Malaria, 
Subtertian 


! Tropical, continued 
j Mask, 2233 
I Medicine 

Early, 16 
History, 3, 17 sqq. 

Modern, 16 
References, 30 sqq. 

Schools of 

Liverpool, 20, 29 
London, 29 
Treatment, 25-7 
Neurasthenia, 1981, 1988 
(Edema, 1693 
Phagedsena, 2181 
Pityriasis Versicolor, 2073 
Poisonings, 161 , 1533, 1695 
References, 179, t86, 192, 202 
I'olypapilloma, 1535 
Puer])eral Fever, 1938, 1946 , 

1957 

Pyosis, 931, 2018, 2031 
Races, 39 sqq., 42 sqq. 

References, 60-1 
Ringworm of the Head, 2052 
Skin, 2231 

Splenomegalies, 1289, 1303 , 1925 
References, 1307 
Swellings, 1972 

Ulcer, 2166, see also Ulcus tropicum 
Zone, 39 

Tropics, the, Classification, 39 

Discovery of, effect on Medicine, 
15-16 

Tropidechis, 246 
Carina id, 251 
Tropidonotus, 244 
fasciatns, 245 
natrix, 235 
piscator, 244, 487 
Troj)ische Idiagedcnismus, 2181 
Tropischer Leberabzess, 1910 
Trygon pastinaca, 232, 2^0 
sephen, 240 
tvalga, 240 
Trygonidee, 232, 240 
Trypaflavin, 26 
Trvpanomonas lewisi, 403 
murium, 403 
7 'rypan om orp ha, 518 
Trypanophis, 336, 337 , 380 
grohheni, 338 

Trypanoplasma, 336, 337 , 380 
ahramidis, 338 
harhi, 338 
horreli, 338 , 388 
claries, 338 
cyprini, 338 
dendrocoeli, 338 
guernei, 338 
gurney orum, 338 
intestinalis, 338 
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Trypanoplasma, continued 
heysselitzi, 338 
truttce, 338 
varium, 338 
ventriculum, 338 
Trypanoplasmata, 337 
Trypanorhyncea, 600 
Trypanosoma [see also Castellanella, 
CystotvypanecB, Cysto- 
trypanosoma, Duttonella, 
Endoirypanum, Schizo- 
irypanum cruzi, Try- 
panosomecB, Trypocas- 
tellanellecB) , 19-20. 380, 
381,396, 398, 518, 1260 
passim, 1523, 1524, 

1532, 1903 
in Beri-beri, 1284 
Classification, 380-1, 394-5 

New, 395 , 1260 
Crithidial sLige, -589 
Diseases caused by, 1259 
H csmoproteidce as Stages of, 518-19 
Herpetomonincd in relation to, 365 
Hosts of (see also Species found in, 
below), ^95 sqq., 685, 
816 

Vertebrate and Invertebrate, 
3«3, 391-3 

Definitive and Intermediate. 
39f> 

Infecting 

Invertebrates, 383, 387, 389-91, 
395. 396-8 

Vertebrates, 383, 384-5, 388, 391 

Cold-Blooded, 389, 395, 398-401 

Warm-Blooded, 395, 396, 

401-3 

Non-Pathogeiiic, 403 
Pathogenic, 403, 407 
Insects Transmitting, 410, 753, 

763. 816, 835, 844. 855, 
^57, see also Glossina 
Involution Forms, 392 
Method of Infection, 388, 391 
Piroplasma in relation to, 360 
Polarity, 383 
sensu lato, 397 

Groups and Species included 
therein 

1., 413-15 

11., 416-17 

^ HI., 417 ■ 

Sexual Forms, So-called, 387 
Species 

Found in 

Amphibia, 353, 395, 398, 400, 
see also in Frogs, below 

Animals, 409 

Cold-Blooded, 398 
Warm-Blooded, 401 


Trypanosoma, continued 

Species Found in, continued 
Arachnida, 395, 397, 398 
Aves, 353. 3 ^ 1 . 395. 401. 

402 

Bats, 405, 407 

Bk.od - sucking Arthropoda, 
397 

CamellincB , 410, 41^ 

Carnivora, 406 

Cattle, Horses, Sheep, and 
Goats, 391 407, 409, 

412 , 414 et alibi 
Crocodiiiu, 401 
Edentata, 406 
Fish, 381, 303, 398 
hTogs, 353, 381, 393 , 398, 400, 
402, 480 

Hexapoda, 395, 397, 398 
Hirudinea, 395, 397, 398 
Insectivora, 406 
Lizards, 353, 4 i 
Mammalia, ^81, ^95, 401, 

403 

Non-Pathogenic, 395, 403 
Pathogenic, ^591, 395, 403, 

407 

Man, 353, 391, 417 sqq. 

New Classification and No- 
menclature, 418, 419 , 
1260 

Monkeys, 353, 405, 408, 409, 

413'^' 

Ophidia, 353, 401 
Reptilia, 395, 398, 401 
333 

Kodents, 353, 381, 405 , 406, 
407, 408, 409 
Tortoises, 401 
Ungulata, 405 
Incertae Sedis, 431 sqq. 

List of 

abramidis , 400 
accouchii, 405 
americanum, 407 
annamense, 414, 415 
arvicanthidis, 406 
avium, 402 , 526 
minus, 402 
handicoiti, 405, 406 
barbee, 400 
berberum, 414, 415 
blanchardi, 405, 406 
boueti, 401 
bovis, 417 
boy lei, 398 

brucei, 19, 381, 385. 389. 39 i, 

3Q2, 393. 4<^7. 418, 419. 

838, 876, 878, 880, 881 
capree, 409 
carcassii, 400 
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Trypanosoma, continued 
Species, continued 
List of, continued 
castellanii, iq , ^82. ^84. 

3S6, 387. 388, 389, 390, 

391. 392. 393. 396. 402. 

408, 418, 421 , 838, 844. 

878, 879 

New Name, 419 , 1260, 1261 
cazalboui, 389, 391, 412, 413, 
414. 415 ‘ 
cellii, 414, 415 
chagasi, 400 
Christopher si, 398 
citelli, 405 
cobitis, 400 

confusum, 402, 415, 416 
congolcnse, 392, 413, 416 , 417 
criceti, 405, 406 
cruzi [Schiz.criizi), 19,402, 418, 

419, 427 , 768, 881, 8S2! 

1283 , 1284, 1288 
culicis, 398 
cuniculi, 405, 406 
damoniis, 401 
daniliewskyi, 400 
dimorphon, 391, 413, 416 , 417 
dimorphon-ty\ie, 397 
dionisi, 407 
dovhni, 400 
duttoni, 405, 406 
elegans, 400 
elephantis, 417 
elmassiani, 414 
eothricis, .^02 
equi, 410 

equinum, 20, 391, 392, 393, 414 
equiperdum, 19, 386, 391, 392, 

393- 4^>7. 413 
erythrolampri, 401 
evansi, 19, 28, 387, 393, 407, 

414, 413. 41^- ^33 

var. mborii, 410 
evansi-ty-pc, 414, 415, 431 
evotomys, 405 
fordii, 419 
franki, 407 
frobeniusi, 417 

gamh^iense, 19, 391, 407, 418, 

419 , 878 

var. longum, 418, 419 
giganteum, 417 
grayi, 390, 391 
grosi, 405 
hendersoni, 400 
himalayanum, 407 
hippicum, 413, 415 
hominis, 419 
ignotum, 413 
indiciim, 405, 407 
ingens, 417 


Trypanosoma, continued 
Species, continued 
List of, continued 

inopinatum, 398, 400 , 480 
intestinale, 396, 397 
lagonostictce , 402 
lanfranchii, 431 
laverani, 402 
Ugeri, 406 
leothricis, 402 
leporis sylvatici, 405 
leschenaulti, 401 
leucisi, 400 

lewisi, 19, 381, 386, 387, 388, 
402, 403, 404, 40(1, 407, 
418, 422, 753, 857 
lewisi-type, 402, 407 
limcatus, 405 
luis, 455 

marocanum, 414, 415 
megaderma, 405 
microti, 405, 406 
minasense, 405 
mukiesauri, 407 
musculi, 405, 406 
myoxi, 405, 406 
nabiasi, 405 
najce, 401 

nanuni, 391, 416, 417 

nelspruitense, 400 

nepveui, 419 

nicolleornm, 405, 407 

nigeriense, 418,419,4 20, 430, 878 

nochice, 398, 524 

otospermophili, 405 

paddcB, 402 

pecaudi, 391, 417 , 427 

pecorum, 408, 416 

Pellegrini, 400 

peromysci, 403 

perienue, 401 

pestanai, 406 

peirodromi, 403 

phoxini, 400 

primeti, 401 

prowazeki, 405 

pythonis, 401 

rabinowitschi, 418 

raicB, 381 

rajcB, 389, 398, 422 
rattorum, 403 
remaki, 398 
rhesii, 405 

rhodesiense, 19, 28, 384, 388, 
390, 391, 392, 407, 410, 
4 18,419,844,878,880,881 
rolatoriuni, 393 , 400, 402, 480 
rotaiorium-type, 402 
rougeti, 41 1 
roulei, 400 
rulherfordi, 407 
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Trypanosoma^ continued 
Species, continued 
List of, continued 
saccobranchi, 400 
sanguinis, 381, 393, 403 
scardini, 400 
sericis, 406 
simicB, 408 

somalense, 400 ! 

soudanense, 409, 413, 414 , 415 j 
spermophili, 405 ' 

squalii, 400 
talpcB, 406 

theileri, 20, 405, 407 , 835 
tinccB, 400 
togwlensc, 413, 414 
iransvaalense, 407 
triatomcB, 398 
tullochi, 398 
ugcindce, 410 418 
xigandense, 421, 878 
tindulans, 400 
undulina, 478 
uniforme, 408 
uruhlewskii, 407 
venezuelense, 409, 414, 415 
vespertilionis, 407 , 763 
vickersce, 405 
vittatcB, 389 

vivax, 389, 391, 408, 412 , 418, 
419, 43^> 878, 881 
New Name, 402 
vivaxAi'ke, 418 
vivax sub-group, 408 
yakinioffi, 400 
ziemanni, 398, 433, 436 
Little-known, 401, 417 
Monomorphic, 408 
Morphologically alike, Biologic- 
ally distinct, 418 
Non-Pathogenic, 395, 403 
Pathogenic, 391, 407 , 413, 414 
sqq., 1259 

Polymorphic, 383, 407 
Unnamed 

in American Newt, 401 
from Chai-Chai, 413 
Edington’s, from Zanzibar, 413 
from Southern Rhodesia, 415 
Unclassi liable, 401, 405 sqq., 

413 sqq. 

Verterbrate Reservoirs, 392,425,426 
Trypanosome Fevers, 1259,1261, 1280 
References, 1281-2 
Synonyms, 19, 1259 
Infections, see also Trypanosome 
Fevers, and Trypanoso- 
miases 

Methods of Infection, 388 sqq., 
391-2 

Symptoms, 391-2 


TrypanosomecB, 396, 890 
Trypanosomen Fieber, 1260 
Trypanosomes, see Trypanosoma, 
above 

Trypanosomiase braziliera, 1283 
Trypanosomiases 

Animal, 19, 124, 417, 454, see 

also under Names, 
Insects spreading, ig, 747, 878, 
see also Glossina 
Treatment, 1262 
Trypanosomes of, 19-20, 391 , 
392, 409 sqq., 875 
Experimental, 1274 
Drugs tes+ed, 26, 28 
Human 

African,' 124, 1259 , see also 
Sleeping Sicknesses, 
1260 , and Trypanosome 
Fevers, 1259 
Form not specified, 1767 
South \merican: Chagas’ Dis- 
ease, 19, 881 , 1283 
etiology, 1284 

Animal Reservoirs, 881-2, 

1283, 1284 
Table, 882 

Blood m, 1287-8 
Climatology, 19, 123, 1284 
Definition, 1283 
Diagnosis, 1288, 1523, 1525, 

1531 

Differential, 1288 
Histopathology, 1285 
History, 1283-4 
Insects Spreading, 19, 427, 
768 *- 9 , 881, 1128, 1283, 

1284, see also Lamus 
megista 

Morbid Anatomy, 1285 
P^ithology, 1284-5 
Prognosis, 1288 
Prophylaxis, 1288 
References, 1288 
Sequelae, 1288 
Symptomatology. 1286-8 
Synonyms, 1283 
Transmission, see Insects 
Spreadings above 
Treatment, 1288 
Trypanosome of, 19, 402, 418, 
419, 427 , 768, 881, 882, 
1288 , 1284, 1288 
Varieties, 1286 
Acute, 1286 

Chronic, 1284, 1286, 1287 
Goitre in, 1921 
Subacute, 1286-7 

TrypanosomidcB, 290, 331, 333, 334, 

358 , 380 

References, 462-3 
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Trypanosomina, 358, 380 
Trypanosomonas, 381 
Typanotoxyl, 26 
Trypanozoon, 381 
lewisi, 403 

TrypocastellanellecB, 396 

Divisions and Classification, 401 
sqq. 

Tsaraath, 1644 

Tsetse-Flies, see also Glossina, 19, 
23. 838, 875, 876, 879, 
1128, 1263, 1264, 1265, 
1965 

Diseases Spread by, 1259 
Tsutsugumiishi (mite), 726 
Tsutsugamushi Disease or Fever 
(Japanese or Kedani 
River Fever), 1342. 1350 
/litiology, 1351 
Allied Fev^ers, 1350, 1354 
Cuisal Insect, 691, 6(94, 726, ()20, 
1128, 1350, 1351 , 2213 
Class-Incideuce, 1331, 1352 
Climatology, 122, 1350-1 
Complications, 1 3 53 
Convalescence, 1 3 5 3 
Course, 1352-3 
Definition, 1330 
Diagnosis, 1334, 1516, 1323 
Difterential, 1347, 1348. 1334 
History, 1350 

Incubation and Onset, 1352 
Patlujlogy, 1332 
Prognosis, 1354 
Projihylaxis, 1354 
Rash, 1316 
References, 1335 
Seasonal Incidence, 1331. 1352 
Symptomatology. 1352-3 
Synonyms, 1330 
Treatment, 1334 
Varieties, 1353 
Tuaregs, the, 46-7, 51 
Poisoning by, 166 
Tuber ales, 9S5 
Tubercle of Bone, 1967 
Tubercular Disease, of Godfrey and 
Eyre, 2110 

Fistulous JMsease, 2085-6 
Lepers, Blindness in, 2006 
Leprosy, 1654 

Ear Complications of, 2013 
Tumours, Cerebral, 1981 
Ulcers, 2186, 2190 
TuberculariacecB, 1036 
Tuberculides, 2272, 2277, 2278 
Non-Febrile, Pustular, 1318 
Tuberculosis, 112, 1718 

Bacillus of, 22, 1 1 9, 965 
Climatology, irg, 122, 123, 124, 

133 


Tuberculosis, continued 

Complicating other Diseases, 
1687, 1731, 1743. 1885, 
1889 

Diagnosis, 1321, 1528, 1330 
Hyperkeratoses in, 2256 
Hyperpigmentation in, 2232 
Insect Vectors, 24, 876, 908 
Lymphatic Affections in, 1961 
Mixed Infections, 1687, 1731, 

1743, 1883, 1889 
Risks from, to Babies, i960 
Tuberculin Reaction in, (>69 
Acute. Diagnosis, 1326 
Bone, in Chinese ‘ Lily ’ Feet. 136 
Bowel, 1739 
Cutaneous, 22()4, 2277 
Miliary. Acute, 1393, 1396 
Pulmonp-ry, 1889, i8c)3, 2278 
Verrucosa cutis, 2083, 2234, 2277 
fula Manugina, 1200 
Tuliji, Wild. Poison from, 167 
Tumbu Disease, 1637 
Tumours, Indicidions from, 1331 
Aural, 20 10, 2232 
of Bone, i 9<)7 
Cerebral, Syphilitic, it)8i 
Tubercular, 1981 

Cheloidal, after Sycosis coccogenica, 
2260 

of Connective Tissue*, 2273 
Benign, 2273 
Malignant, 2274 
C'utaneous, 2264, 2273 
Eihthelial, 2274 
Benign, 2274 
Malignant, 2277 
Idlarial, 1617 

Fungi, associated with, 1072, 1074, 
1096 

Innocent, 1072 

Internal, due to Nematodes, see 
that section, passim 
Malignant, 1074, 2274, 2277 
Mixed, 2277 

Multiple Pruriginous of the Skin, 
2247, 2254 
References, 2263 
Nasal, 2777 
Nepaul, 2010, 2232 
Schistosomic, 1867, 1868 
Sclerotic, 2007 
Steiner’s, 2260 

of Verruga Peruviana, 1366 sqq. 
in Volvul(3sis, 1964 sqq. 

Tunpis Race, 33 
Tunisia, Macular Fever of, 1467 
Tunnel-krankheit, 1761 
Tunnel-Workers’ Anaemia, 1761 
Tun-tun, 1761 

Tupi-Guaranian Family, 59, 60 
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Turbellaria, 555 
Turki Peoples, 55 
Turkish Disease, 1968 
Turkish Race 
Anatolian, 55 
Osmanli, 55 
Turkoman Race, 55 
Turner’s Herpes, 2060 
Tydeus molestus, 728, 2214 
Tylenchus, 627 
putrefaciens, 627 
Tylophora fasciciilata, 190, 191 
Typhios, 1363 
Typhloceras, 8O5, 8()G 
poppei, 860 
Typhlopsyll.1, 865, 866 
agyrtes, 867 
assiniilis, 867 
prosuma, 866 
pseudogyrtes 866 
TyplopsyllincB, 864, 865 , 866 
Typlioid. T(^75, 1184, 1187, 1577. 
Typhoid h'ever, see Enteric, 1362 
Vaccines for, 13 (>5, 1401 
Polyvalent, 23 
Bilious, 1308 

Typhoid-like Subtertian Malaria, 
1171 

Typhoid Ulcers, Perforation of, 1961 
Typho-Lumbricosis, 1775 
Typho-Malaria, 1184. 1388-9 
Typho-Malarial h'ever, 13()() 
Typho-Pellagra, 1514, 17*^7, 1731 , 

1733 ' 

Typhoon, 82 
Ty])hus (Typhoid). i3()3 
Abdominal, 1362, i3(>3 
Hiliosus nostras, 1505 
l^^xanthcinatischer, 1326 
Kxanthematicus, 1326 
Exanthematique, 1326 
Typhus Fever, 15, 1069, 1256, 1326 , 

/Etiology, 1332 

Haci Hi ])resent in, 1328, 1 3 3 6-7 
Blood-Changes in, 1331, 1336 
Bodies in Blood in, 1327 sqq. 
Causal Agent. 1326, 1327 sqq., 
EUH. 1332 

Climatology. 120, 124, Mp 

1330-1 

Complications, 1327, 1333. 1336 
Convalescence, 1335 
Course, 1333 sqq. 

Definition, 1326 
Diagnosis, 1336 

Differential, 1250, 1238, 1312, 
1313, 1317. 1327 - 8 , 

1347, 1395. 1396, 1429, 
1483, 1 490, 1507. 

1508, 1516, 1529, 1530 


Typhus Fever, continued 

Epidemiology, 1327, 1331 -2 
History, t 226-30 
Immunity, 1332 
Incubation, 1333 
Lice as Vectors, 342, 736, 920, 
1128, 1326, 1329 
Morbid Anatomy, is ^2-^ 

Onset, 1333 
Pathology, 1332 
lYognosis, 1338 
Prophylax\s, 1330, sqq. 

Kasii, 1334 ; i3i(>, 1529 
References, 1340 
Rickettsia prowmeki in, 1328, 
133^ ^345, 1503 
Seasonal Incidence, 1331 
Sequelae, 1336 
Serology. 1330. 1338 
Symptomatology, 1333-5 
Synonyms, 24, 1326 
Termination, 1335 
Ireatmcnt, 1338 
Varieties, 1335-6 
Virus, Filterable, 541, 542 
Gangliaris vel Entericus, 1363 
Hepatique, 1505 
Hysterico-verminosus, 1363 
I cteroi des , 1229, 1308 
Mitior, 1363 
Nervosus, 1363 
Petechialis, 1474 
Recurrens, 1308 
Tyroglyphidce, 729 , 2011, 2214 
References, 741 
Tyroglyphus. 729 , 908 
long tor, 720 

viir. castellanii, 729 , 2214, - 
siro, j'Zij 

U H A DISEASE, 9 
Uciunga Arrow-Poison ic.; 
Udenocera, 820 
Ugro-Finn Peoples, 55 
Ulcera de Baiiru, 2165 
Tropicale, 2181 

Ulcerating Carcinomata, 449, 52 

Granuloma, 28, 122, 2192 
Nodules, uoo 
of Leg, iToi 
Ulcerations, 2006, 2165 
of Annam, 2181 

Chronic and Subchronic, 2190. 

2191 

Painless, 2191 
Cos mo poli tan, 21 90 
Corneal, 1031, 1997, 2000, 2003, 
2004, 2009, 2201 
Cutaneous, 2015, 2017 
in Glanders, 2190 
of Intestines, 18, 1076 
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Ulcerations, continued 

of Lips, and of Ear, Seasonal 
Recurrent, 1746, 2284 
Nasal, 123, 1882 

following on Neglected Wounds, 
2191 

References, 2197 
Ulcerative Conjunctivitis, 1060 
Dermatitis, 1091, 1112 
Chronic, 1073 

Diseases, see also Gangosa, 1876 
of Legs, etc., 123 
Endocarditis, 1395, 1397 
Gingivitis, 1744, 1745 
Lesions of Tertiary Syphilis, 2279 
Stomatitis, 1745 
Ulcdre d’Orient, 2165 
Phaged^nique Endemique, 2181 
des Pays Chauds, 2181 
Ulcers, 1523 

Classification of, 2190 
Fly-Larvae in, 830, 831, 848 
Indications from, 1531 
Acladiotic, 2190 
of Aden, 2181 
Aspergillar, 1032 
Corneal, 1031 

in Bacillary Dysentery, 1846, 1847 
of Bauru, 380, see also 165 
Blastomycetic, 2190 
Cancerous, 2190 
Diphtheroid, 21 91 -2 
of Foot, 1063, 1068, 2112 
Framboesial, 452, 1554, 2190 
in Gangosa, 2190 
Gastric (in Fox), 454 
Hyphomycetic, 2190 
Intestinal, in Animal Trypanoso- 
miasis, 454 
Jigger-caused, 2212 
Kurunegala, 2021 
due to Leech-bites, 685 
Leprotic, 2190 

Malignant (Oriental Sore, 2165 
Monilial, 1091 

of Paragonimiasis, 1586, 1587 

in Pellagra, 1714 

Penjdeh, 2166 

Pyogenic, 2190 

Rodent, 2004, 2277 

Sarcomatous, 2190 

Sarten, 2166 

Septic, 2191 

Sporotrichitic, 2190 

Spreading, 122 

of Stomach, 1749 

Syphilitic, 2185, 2190 

of Taschkent, 2165 

Tropical, see Ulcus Tropicum, 2181 

Tubercular, 2186, 2190 

Typhoid, Perforation of, 1691 


Ulcers, continued 
Undetermined; References, 2199 
of Varicose Veins, 2186, 2190 
Yemen, 2181 

Ulcus Cruris Varicosum, 2168, 2190 
Grave, in Foot, 2112 
Infantum, 2165. 2188 , 2190 
References, 2199 
Interdigitale, 2165, 2188 , 2190 
Rodens, 2004, 2277 
Serpens Cornea, 2003, 2004 
Tropicum, 448, 452, 2166, 2181 , 
2277 

Differential Diagnosis, 2190, 
2192 

Perforation in, 1961 
References, 2199 
Uled-Nails, the, 46 

Ultra-Microscopic (Filterable) Viruses, 

541 

U Ivina, 1071 
Umbelliferce, 2153 
Umor Salso, 1 700 
IJncinaria, 665 
americana, 673 
Uncinariasis, i7f)i 

Unclassified Fevers, 12 1, 122, 1128, 

1461 

References, 1472 
ITndiilant Fever, 1254, 1437 
.Etiology, 1128, 1439 
Blood -Changes, 1443 
Carriers and Reservoirs, 1438, 
i-p^o, 1447 

Causal Agent, 22, 932 , 1437 

passim 

Class Incidence, 1442 
Climatology, 1439 , i()73 
Complications, 1444 
Course, 1442-3 
Definition, 1437 
Diagnosis, 1444-3, 1327, 1330 
Differential, ij8o, 1302-3, 
1445, ifR 4 
History, 1437-9 
Hyperidrosis in, 2222 
Incubation, 1441 
Morbid Anatomy, 1441 
Onset, 1441 -2, 1327 
Pathology, 1441 
Prognosis, 1445 
Prophylaxis, 1446-7 
References, 1448 
Sequelae, 1444 

Spread, Modes of, 1438, 1440-1, 

1447 

Symptomatology, 1441-3 
Synonyms, 22, 1437 
Treatment, 1445-6 
Varieties, 1443-4 

Ambulatory, 1440, 1443, 1444 , 1447 
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Undulant - Fever-like Subtertian 
Malaria, 1171 
Undulina, 381 
ranarum, 393 

Ungulata, Traumatisms caused by. 
151 sqq 

trypanosomes of, 405, 407 
Unknown Germs spread by Ticks. 
700-1 

Unna’s Trichosporosis, 2105 
Upas Antiar, 185 
Dermatitis, 2162 
Tieute, 185 

Tree Poison. 184, 185 
Ura, 828, 830 
Uraemia. 1337 
UranoscoyidcB, 233 
Uranoscopus scaber, 233 
UranotcBnintB, 780, 790 
Uraons. the. Food of, 96 
Urechites suherecta, 164. 169 
Urechitin, 169 
Urechitoson, 169 
Urethra, Aspergillosis of, 1032 
Urethritis, Hyphomycetic, 1930, 1943 
Non-Gonorrhoeic, 539, 1938-9, 1943 
of Porters, 1943 
Protozoal, 1944 
Spirochaetic, 452, 453. 1944 
Traumatic, Mucous, 1943 
Uretritis Cystica, Bodies of, 537 
Urhiir, 195 
Uridrosis, 2224 

Urinary Amtebiasis, I92(), 1931 
References, 193^-7 
Canthariasis, 1641, I92(), 1934 
Calculi, 1926, 1929, 1930 
Myiasis, 863, 1620, 1O22, 1628 , 1920, 

.1934 

Organs, Diseases of, 1920 
References, 1936-7 
Schistosomiasis (Bilharziosis, q.v.), 
587, 1920 
Spirochaetes, 451 

System, Derangements of, 1519, 

1522 

Effects on, of Temperature and 
Humidity, 76-7 

Tests 

Mycological, 1926, 1934 
for Quinine Elimination, 7936 
References, 1937 

Urine, Albumen-free, Essential in Men 
for Tropical Service, 127 
Constituents in 
Male Bengalis, 108 
Male Europeans, 108 
Examination of, in Pregnancy, 129 
Htemoglobin in. Diagnosis, 1522 
of Natives, Examination of, 130 
Nitrogen-Excretion in, in India, 100* 


Urobilin in Malaria, 1147 
Urogenital Organs, Subtertian Malaria 
affecting, 1175, 1180 

Uronema, 550 

caudatum, 547, 550 , 1740, 1837 
marinum, 550 
Urosporidium, 534 

Ursidae, Traumatisms caused by, 148 
Urtica, 2151, 2153 
crenulaia, 2151 
divica, 2151 
fefox, 2151, 2158 
piluiifc,ya, 2158 
stinmlans, 2151 
urens, 2151 , 2158 
urentissimci, 2151 
IJrticacecB, 2153, 2154 

Arrow -Poisons from, 181, 184 
Urticaria, 2264, 2267 
Febrile Helminthic, 151G 
Malarial, 1181 
Pigmentosa, 2267 
Urticrrial Eruptions, 2267 
Diagnosis, 1313, 1516 
Fevers, 1389, 1390, 1393 
Naegeli’s, i4()2 
References, 1473 
Urticarioid Dermatitis, 2216 
Usciva, 2280 
UstilaginecB, 1032 
VstiJago, 1033 
carho, 1032 
hypodytes, 1032 , 2163 
Uta Bueno, 2175 
LTtahs, the, 36 
Uterine Fibromata, 1943 
Uterus, Actiuu on, of Quinine, 1201 
Bacteria of, 1931 
Utiete, 2139 
Uveitis, Plastic, 2006 
Suppurative, 2003 

Vaccination for Alastrim, 1491 
for Candidates for Tropical Service, 
128 

for Variola, 1491 
Safe Methods, 1493 
Vaccination Rashes, 1494 
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Vaccines, 22-3 

Polyvalent, 23, 29 
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Mastigophora, 1946 
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Spirochsetes, 1945 
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Pustulosa, 1488, 1489 
Varioloid, 1489 
Varicella, 1491 
Epidemic, 1919 

Varix, Lymphatic, Filarial, 1595, 
1603, 1605, 1607 
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l^eferences, 241 

Ihtcs or Slings of. Rash from, 

1514 

Mammalia, 271 
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Vulgaris, 541 
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Complications, 1375 
Critical period, 1573 
Definition, 1566 
Diagnosis, 1575 
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i russellii, 250, 251 

Venom of, 16.3,243,25,5,2,9,260 

, 263, 264, 268-9 ' 

I Treatment, 244, 272 >7? 

Vtpertda, 244, 245, 249 
Vtperina, 249 , 250, 251 
Viperine Venom, 163. 243, 234, 253, 
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of Scurvy, 109 
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Vitreous Opacities, Malarial, 2005 
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Volhynia Fever, 1501 
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Post -Malarial Affections, 1185 
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Warble-Flies, 825 
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Wasp-Stings, 12, 219, 221 
Dermatites due to, 2207 
Wasps, 908 

Wassermann Reaction in Malaria, 
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Water, Contaminated, in relation to 
Amoebic Dysentery, 1827 

in Diet, 96 

Food Value of, 97 
in relation to Enteric, 1364, 1371 
Oiling of, 1108 

Water-Bugs, Crithidia in, 367, 769 
Water Leeches, 683, 1880 
Water Moccasin, 250 
Welter-Snakes, 246, 249, 250 
Water-Supply, Defective, as cause of 
Disease, 124 
Plentiful Essential, 107 
Watsonius, 561, 562 
watsoni, 562, 1752 
Wau-Tree (Japan), 2156 
Wayatholechell, 1824 
Weaning, 1959-60 
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Poisons, 180 
Weasel-Bite, 1356, 1361 
Wechselfieber, 1129 
Werlhof’s Purpura, 2267 
Weil’s Disease, Infective Jaundice, or 
Icterus Castrensis Gra- 
vis (?.».), 447, 448, 452, 
1224, 1313, 1397, 1467, 
1501, 1605, 1509, 1517 
Two types of, 1508 
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aria, 1171, 1172 
Weilschen Krankheit, 1505 
Welch's Parasite, 737 
Well-Screening, 1208 
Wenku, 1303 
Werlhof’s Purpura, 2267 
Wesenbergus, 935, 940, 1362, 1406 
fermentosus, 940, 941 
giumai, 941 

wesenbergi, 935, 940, 941 
West Africa, 180, 182 
Arrow-Poisons, 183 
Native Medicine, 3 
West African Relapsing Fever, 1318 
Tick Fever, Causal agent, 444, 445 
Vegetal Poisons, 164, 168, 169, 172 
West Indian Fish-Poison, 188 
Modified Smallpox, 1491 
Nodules, 2247, 2254 
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Wheat, 95, 99, 104 
Wheat-Straw Worm, Parasite of, 
2216 

Wheel Bug, 767 

Whip-worm Infection (Trichuriasis), 

1758 

White Pinta, 1092, .2094, 2095 
White or Yellow 

Actinomycoses, 2141 
Maduromycoses, 2120, 2122 
African, 2120, 2122 
Asian, 2122, 2123 
European, 2120, 2122 
Whitening of Nails, 2283 
Whitmania, 686. 687 

W ferox, 687 

hitmore’s Fever, 1466 
Whooping-Cough, 120 
Willia, 979, 988 , 1886 
anomala, 983 
Window-Fly, 824, 900 
Winds, 79 

Wing-Cells of Insects, 745 
Wings of Hemiptera, 761 
Hexapoda, 745 

Wirsung’s Duct, Blocking of, 1908 
Withania somnifera, 190 
Withmorei, 322 
Wohlfartia, 830, 831 
magnifica, 831, 1627, 2011 
Wolf-Bite, 151 
Wolof Race, 51 
Women 

Examination of, as to Fitness for 
Tropical Life, 129 
on Return to Temperate 
Climate, 130 
Standard Diets for, 98 
Native, Life Assurance of, 132-3 
Poisons used by, 169-70 
Wood-Bee, Sting of, 219 
Wood- Rats, 915 
Parasites of, 398 
Wooden Tongue in Cattle, 2148 
Woods, Ornamental, Dust of, causing 
Dermatites, 2159 

Woolley's Fever with Jaundice, 
1467 

Work, Mechanical, Diet-quantities 
for, 99-100 

Worms, Intestinal, Disease proiluction 
by, 285, 1533, 1752 
Parasites of, 470 

Parasitic, earned by Arthropods, 
873, 876 
in Blood, 1903 
Diseases due to, 1533 
Transmission bjr Flies, 24, 908 
Wounds, Aspergillosis of, 1032 

Neglected, Ulceration following 
on, 2191 


Wurmkrankheit, 1761 

Wyoming, Intermittent Tick Fever 

of, 1349 

X Bodies in Blood Films, 1901 
Reference, 1705 

Xanthochroi Division of Mankind, 45, 

46 

Xanthoderma Areatum, 2222, 2236, 

2237 

References, 2245 
Xanthoma Diabeticorum, 2273 
Planum, 2273 
Tuberosum, 2273 

Xanthophylline Glasses for the Eyes, 
1990 

Xenodon severus, 245 
Xenofsylla, 865, 866, 869 , 870 
astta, 1422 
brasiliensis, 866 

cheopis, 23, 124, 860, 866, 867, 869 , 
870, 911, 912, 1422 
c^eopatrcB, 376 

Xeroderma, Anidrosis in, 2224 
Pigmentosum, 88, 1731, 2281 
Simple, 2281 
Xerophthalmia, 2006 
Xerosis, Conjunctival, 2000 
Epithelial, of the Eye, 2002 
Xilocopa violacea, 219 
XiphidiocercariiB, 359 
Xylocrypta, 806 

Yakuts, the, 55 
Yangonin, 176 

Yaws, 1535, for details, see Fram- 
boesia 

Bosch-,2172 
Forest-, 2167 
Yaws-Flies, 1632 
Yaws Ringworm, 2052 
Yaya, 1536 
Yearly Sore, 2165 
Yeast, 22 

Treatment by, of Tropical Boils, 
2027-8 

Yeasts, Achromaticus considered as, 
360 

Yeki, 1416 

Yellow Actinomycosis, 2140, see also 
* under Actinomycosis 
Atrophy, Acute, of Liver, 1507, 
i5Q8, 1906 
Disease, 2236 

Yellow Fever, 24, 876, 1207, 1229 , 
1472 

iEtiology, 1233 
Blood in, 1235 
Climatology, 1232-3 
Complications, 1238 
Course, 1236 
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Difierential, 1186, 1224, 1238, 
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1395, 1396. 1507. 1508, 
1517, 1522, 1697 

Oi«t, 1*40 
Endemic, 25 

Faget’s Sign in, 1237, 1238 
History, 1229-32 
Immunity, 1235 
Incubation. 1236 

Insect Vector, 23, 541. 542, 747, 
796, 878, 919, 1128, 


1229, 1230, 1233, 1240, 
ii see also Stegomyia 

fasciata 

Morbid Anatomy, 1236 
Pathology, 1235 
Pigmentation, 1519 
Prognosis, 1238 
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Rash, 1517 
References, 1242-3 
Sequelae, 1238 
Spirochaetes in, 448, 1230 
Sternberg’s Mixture in, 1239 
Symptomatology, 1236-8 
Synonyms, 1229 

Transmission, see Insect Vectors, 
above 

Treatment, 1239-40 
Urine, in, 1235 
Varieties, 1238 
Virus, Filterable, 541, 542 
Vomit in, 1234 sqq., 1520 
Yellow-Fever-] ike Subtertian Malaria, 
1 1 71, 1172 , 1186 
Yemen Ulcer, 2181 


Yerba mat6, 177-8 
Yercumby, 173 
Ydchflbia, 726 
Yohimbehe Bark, 172 
Yohimbine Hydrochloride, 172 
Yokogawa, ^71 
yokogmm, 571 
Yoruba Race, 51 
Yumas, the, 60 
Yumbehoa Bark, 1 72 
Yuncas, the, 59 

Zamenis flagelliformis, 487 
hippocrepis, 487 
mucosus, 244, 245 
Zantkoxylum flavum, 2159 
ZapodidcB, 914 
Zea mats, 1709 
Zeism, 1709 
Zibla, 1952 
Zingiberaeca, 172 
Zoantharia, 204 
Zona, 2269 
Zooparasites, 285 
Zoosporangium, 969 
Zoospores, 969 
Zootrophotoxismus, 193 
Zoque, the, 56 
Zousfana, 414 
Zulu Peoples, 53 
Zygocystis, 471 
Zygomycetes, 972 
Zgyophyllacece, ,164, 166 
Zygosacckaromyces, 979 
Zygosis, 294, 295 
Zygosoma, 471 
Zygospores, 971 
Zygote, 292, 874, 921 
Zymonema, 1079 , 2081, 2084 
gilchristi, 1073, 1079 
Zymonematosis, 2081, 2084 
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